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 ٓووٓز ػجٓز

  

ٗظشثٌ ُخطٞسر ثُِٔٞعجس ثُؼن٣ٞز ػ٠ِ ثُذ٤تز ،  ٝفشفج ػ٢ِ علآز فقز ث٧ٗغجٕ ٝٗٞػ٤ز ٤ٓجٙ 

 دجُٔٞثد ثُـ٤ش ثُؼن٣ٞز 2007 ُغ٘ز 458ثُؾشح كوذ أٛضٔش ثُٔٞثفلز ثُو٤جع٤ز ٤ُٔجٙ ثُؾشح  سهْ 

 ٓجدر  ٜٓ٘ج 12صؾَٔ ٓٞثد ؿ٤ش ػن٣ٞز ُٜج صؤع٤ش ػ٠ِ ث٩عضغجؿز ٝث٩عضخذثٓجس ثُٔ٘ض٤ُز ٝصنْ  

ػ٘جفش ثُقذ٣ذ، ثُٔ٘ؾ٤٘ض، ثُ٘قجط، ثُضٗي ، ثُقٞد٣ّٞ، ٝث٤ُ٘ٓٞ٧ّٞ، ًٔج أؽضِٔش ػ٠ِ ثُٔٞثد 

ثُـ٤ش ػن٣ٞز ػ٠ِ ثُٔٞثد ث٤ٔ٤ٌُجة٤ز رثس ثُضؤع٤ش ػ٠ِ ثُققز ثُؼجٓز ٝثُض٠  ٠ٛٝ  ػ٘جفش 

ثُشفجؿ،ثُضةذن، ثُضس٤ٗخ، ثُغ٤ج٤ٗذ، ثٌُش٤ّٓٝٞ، ثلاٗض٤ٕٔٞ، ث٤ٌَُ٘، ث٤ُُٞٔذذ٤٘٣ّٞ، ثُذجس٣ّٞ، 

ُزث كئٕ ثُطشم ثُضو٤ِذ٣ز أفذقش ؿ٤ش ًجك٤ز ُضو٤٤ْ .  ثُلِٞس٣ذثس، ثُ٘ضش٣ش، ثلا٤ٗٞٓج ٝ ثُ٘ضشثس

 . ٗٞػ٤ز ث٤ُٔجٙ ٖٓ ف٤ظ فلاف٤ضٜج ُلاعضخذثّ ث٥د٢ٓ

 ٖٝٓ عْ كئٕ ثُٜذف ثُشة٤ظ ٖٓ ٛزٙ  ثُقِوز ثُذسثع٤ز ٛٞ؛ ص٤ٌٖٔ ًَ دثسط ٖٓ ثُٞهٞف ػ٠ِ ثعظ 

ُِٝضجًذ . QA/QC   ثُطشم ثُقذ٣غز ك٢ صقذ٣ذ ٝصوذ٣ش ثُِٔٞعجس ثُؼن٣ٞز  ٓضنٔ٘ز صطذ٤ن دشٗجٓؼ

 Quality assurance QA and Quality)ٖٓ ؽٞدر ٝٗضجةؼ ثُضقج٤َُ صْ ث٧ٛضٔجّ دذشٗجٓؼ  

control ( ٤ُوٟٞ ٣ٝؾغذ كؼج٤ُز  د٤جٗجس ثُضق٤َِ، ٩صثُز أٝ صو٤َِ ث٧خطجء ثُض٠ سدٔج صضٞثؽذ ك٠ 

ٝهشم أخز ثُؼ٤٘جس، , ثُؼ٤ِٔجس ثُٔؼ٤ِٔز، ٝثُض٠ صضغذخ ٖٓ ث٧ؽخجؿ، ٝث٧ؽٜضر، ٝث٧دٝثس

.  ٝصو٤٤ْ ثُٔؼَٔ ص٤ٜٔذث ُضطذ٤ن دشٗجٓؼ ثُضؤ٤ٖٓ ٝثُضقٌْ ك٠ ثُؾٞدر. ٝهش٣وز ثُضق٤َِ

دذءث ٖٓ ؽٔغ ثُؼ٤٘جس ، -  ٝدٔؼشكز ثُذثسط أعظ صِي ثُ٘ظْ ٖٝٓ خلاٍ ػِٔٚ ٝصط٣ٞش ث٧دثء

 /QAٝثُضؤًذ ٖٓ دهز أدثء ٝعجةَ ثُضق٤َِ ٝثصذجع ثُطشم ثُو٤جع٤ز ك٠ ثُضق٤َِ ٓغ صطذ٤ن دشثٓؼ 

QC ٝثُض٠ ٖٓ أٛذثكٜج صو٤َِ ث٧خطجء ك٠ ثُٔؼَٔ ٝثُض٠ ص٘ؼٌظ ػ٠ِ دهز ثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج -

 .ع٤ٌٕٞ ٛ٘جى ك٠ ثُٜ٘ج٣ز عؾلاس ُِ٘ضجةؼ ٝصق٤ِِٜج ٣ٌٖٔ ثلاػضٔجد ػ٤ِٜج ُضؤ٤ًذ علآز ٤ٓجٙ ثُؾشح

ٝك٠ ٜٗج٣ز ثُذشٗجٓؼ ٌٕٗٞ هذ أػذدٗج ًٞثدس ٖٓ ث٤ٌُٔجة٤٤ٖ ػ٠ِ دسث٣ز ًجك٤ز دج٧عظ ثُ٘ظش٣ز 

ٝثُؼ٤ِٔز ٤ٌُل٤ز ثُو٤جّ دجُضقج٤َُ ث٤ٌُٔجة٤ز ُِِٔٞعجس ثُـ٤شػن٣ٞز ٝكن دشٗجٓؼ ثُضقٌْ ك٠ ؽٞدر 

ٝهجدس٣ٖ ػ٠ِ ٗوَ ٓج صِوٞٙ خلاٍ ثُذٝسر ث٠ُ ٓؾٔٞػز أخشٟ ٖٓ ثُؼج٤ِٖٓ ٝدجُضج٠ُ صضغغ . ثُ٘ضجةؼ

٣ٝضْ صقذ٣ظ خذشثصْٜ دٌَ ٓج ٣خذّ ثُؼج٤ِٖٓ ك٠ ٛزث ثُٔؾجٍ ٝثُزٟ دذٝسٙ  ثُخذشر ثُ٘ظش٣ز ٝثُؼ٤ِٔز

. ٣٘ؼٌظ ػ٠ِ ٗٞػ٤ز  ثُٔ٘ضؼ ٖٓ ٤ٓجٙ ثُؾشح
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٣ٝشضَٔ ثُذٌٗجٓؼ ػ٢ِ ّضز كظٍٞ ثّج٤ّز ٓضؼٔ٘ز شٌؿ صلظ٢ِ٤ ٝٓذْؾ 

  ػؼ٣ٞز ثُـ٤ٌ ثُِٔٞعجس:ثُلظَ ثلاٍٝ

ٝٓقجدس صِٞط ث٤ُٔجر دضِي ثُؼ٘جفش   ػن٣ٞز ٝصوغ٤ٜٔجثُـ٤ش ٣ٝقض١ٞ ػ٢ِ أٗٞثع ثُِٔٞعجس 

. ٝٓذٟ صؤع٤شٛج ٝخطٞسصٜج ػ٠ِ فقز ث٩ٗغجٕ

صوو٣ٌ ثُٔؼجهٕ ثُغو٤ِز ك٠ ػ٤٘جس ث٤ُٔجٙ : ثُلظَ ثُغج٢ٗ

أٗٞثع هشم ثُضق٤َِ ثُٔخضِلز ٤ًٝل٤ز أخز ٝفلع ثُؼ٤٘جس ًٔج ٣ضنٖٔ ٓٞثفلجس ؽضَٔ سٝ

 .ث٧ٝػ٤ز ثُٔغضخذٓز ك٠ ثُقلع ٝثُطش٣وز ثُٔغ٠ِ ُـغ٤َ ث٧دٝثس

 Analytical Procedures for Metalsُِٔؼجهٕ ثُضق٤َِ ث٤ٔ٤ٌُجة٢ :ثُلظَ ثُغجُظ 

. ثُٔؼجِٓز ث٤ُٝ٧ز ُِؼ٤٘جس ٝهشم ثُٜنْ ثُٔخضِلز٣ٝؾضَٔ ػ٢ِ 

 Ion coupled plasma (ICP) أؽَٜر ثُو٤جُ ثُٔنضِلز : ثُلظَ ثٌُثدغ

 ًٝزُي ثُؾٜجصثٕثعظ ثعضخذثّ ٣ٝضنٖٔ ٓوذٓز ػٖ ؽٜجص ثلآضقجؿ ثُزسٟ ًٝزُي ؽٜجص 

سٝف ثُٔخضِلز ثُض٢ صؤعشػ٢ِ ثُعهش٣وز صقذ٣ذ ٝصؼ٤ٖ ثُِٔٞعجس، ٝٝث٧ؽضثء ثُشة٤غ٤ز ُِؾٜجصٕ 

  .ػ٤ِٔجس ثُضق٤َِ

  :Quality Control  ثُضقون ٖٓ طقز ثُ٘ضجةؼ:ثُنجِٓثُلظَ 

٣ضنٖٔ ٛزث ثُلقَ ثُؼ٘جفش ث٧عجع٤ز  ُذشٗجٓؼ ثُضقون ٖٓ فقز ثُ٘ضجةؼ ٣ٝقض١ٞ ػ٢ِ 

صؼش٣ق ثُذسثط دجُؼ٘جفش ث٧عجع٤ز ُذشٗجٓؼ ثُضقٌْ ك٢ ؽٞدر ٗضجةؼ صق٤َِ ثُِٔٞعجس ثُؼن٣ٞز، 

 ٤ًٝل٤ز ثُو٤جّ دجُؼ٤ِٔجس ثُقغجد٤ز ُو٤جط دهز ٝفغجع٤ز ًٝلجءر ثُطش٣وز ثُٔغضخذٓز

   Method Validationصغذ٤ش ؽ٣ٌوز ثُضق٤َِ : ثُلظَ ثُْجهُ

٣ٝضنٖٔ ٤ًل٤ز إخض٤جس هشم ثُضق٤َِ ُِضغذ٤ش ًٔج ٣ضنٖٔ ػ٘جفش ثُضغذ٤ش ٤ًٝل٤ز صق٤َِ ٗضجةؼ 

 ثُو٤جط



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثلأٍٝ
 

ثُِٔٞعجس ثُـ٤ٌػؼ٣ٞٚ 
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 ٍٝثُلظَ ثلأ

 ثُؼؼ٣ٞز  ؿ٤ٌثُِٔٞعجس

Inorganic Micropollutants 

 ثُٔووٓز 

صٔغَ ث٤ُٔجٙ ثُؼزدز إفذ١ مشٝسثس ثُق٤جر ؿ٤ش أٜٗج دجُ٘غذز ُِؼذ٣ذ ٖٓ ث٧ٓجًٖ ٗجدسر ٝفؼذز 

 ثُؾـَ ثُؾجؿَُزث كئٕ ثُققٍٞ ػ٤ِٜج ع٤ِٔز ٗو٤ز ٓطجدوز ُِٔٞفلجس ثُقق٤ز صؼضذش . ثُٔ٘جٍ

ٝٗض٤ؾز ُِغٞسر ثُق٘جػ٤ز ٝثلاصد٣جد ك٢ ثعضخذثّ ثُٔذ٤ذثس ٝث٧عٔذر ثُؼن٣ٞز . ُِٔؾضٔغ ثُذ٢ُٝ 

ػشمٚ ُِضِٞط دجُٔٞثد ثُؼن٣ٞز ٝثُٔؼجدٕ  ٝثُٔٞثد ثُذضش٤ٔ٤ًٝجة٤ز ، أفذقش ٤ٓجٙ ثُؾشح

دج٩مجكز إ٠ُ إٔ ثعضخذثّ ثٌُِٞس ك٢ ػ٤ِٔز ص٘و٤ز ٤ٓجٙ ثُؾشح ٣٘ضؼ ػ٘ٚ صٌٕٞ ٓٞثد . ثُغو٤ِز 

ػن٣ٞز ٛجُٞؽ٤٘ز رثس صؤع٤ش مجس ػ٠ِ فقز ث٩ٗغجٕ ، ٓغَ ٓؾضوجس ث٤ُٔغجٕ ٝفٔل ثُخ٤ِي 

 ُزث كئٕ ثُطشم ثُضو٤ِذ٣ز  .(Trihalomethanes and Haloacitic acids)ثُٜجُٞؽ٤٘٤ز 

 أ٤ٔٛضٜج أفذقش ؿ٤ش ًجك٤ز ُضو٤ْ ٗٞػ٤ز ث٤ُٔجٙ ٖٓ ف٤ظ فلاف٤ضٜج  ُٖٓضق٤َِ ث٤ُٔجٙ دجُشؿْ

 ثُؼ٘جفش ثُٔؼذ٤ٗزُلاعضخذثّ ث٧د٢ٓ ، ٖٝٓ ٛزث ثُٔ٘طِن ٝؽخ دسثعز ثُطشم ثُقذ٣غز ُو٤جط 

heavy metals analysis) ٝ  صوغْ ثُؼ٘جفش ثُٔؼذ٤ٗز(Heavy Metals) إ٠ُ : 

  ٟػ٘جفش ٓؼذ٤ٗز ًذش:(Macro : Major Elements) َٝصٕ  % 35 ٝصٔغ ٖٓ

ٝثُقٞد٣ّٞ ٝثُذٞصجع٤ّٞ  (0.07)ٝثُلغلٞس  ( %2 – 1.2)ثُؾغْ ٓغَ ثٌُجُغ٤ّٞ 

 .ٝثٌُِٞس ٝثٌُذش٣ش ٝثُٔجؿ٘غ٤ّٞ

  ْػ٘جفش ٓؼذ٤ٗز فـشٟ مشٝس٣ز ُِؾغ:(Micro : Essential elements)  

ٝهذ صغ٠ٔ دجُؼ٘جفش ثُذه٤وز ًجُقذ٣ذ ٝثُضٗي ٝثُ٘قجط ٝلآ٘ؾ٤٘ض ٝثٌُٞدِش ٝث٤ُٞد 

 .ٝثُُٔٞذ٤ذ٤ْٗ

  ْثُؼ٘جفش ثُٔقضَٔ أٜٗج مشٝس٣ز ُِؾغ:(Possibly Essential Elements) 

٣ّٞ ٝثٌُشّٝ ٝثُوقذ٣ش دسفجؿ ٝثٌُجد٤ّٓٞ ٝثُضس٤ٗخ ٝثُغ٤٘٤ِّٞ ٝثُلِٞس ٝثُلجًٕجٍ

 .٤ٌَُ٘ ٝثُغ٤ِ٤ٌٕٞ ٝثُذشٝسٕٝ ٝثُذجس٣ّٞثٝ
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  ًٔج صٞؽذ ػ٘جفش ؿ٤ش مشٝس٣ز ُِؾغْ  ِٓٞعز(Non Essential 

Elements:Contaminant)ٞٔٝثُزٛخ ث٤ّٗٞ ٝثُؾشّط ٝثُذضٕٓٞ ٓغَ ث٤ُ٘ٓٞ٧ّٞ ٝث٧ٗض٤ 

 ٗض٤ؾز صِٞط  دجُؼذ٣ذ ٖٓ ث٧ٓشثكثلاٗغجٕٛزث ٣ؤدٟ ث٠ُ إفجدز ٝثُلنز ٝثُشد٤ذ٣ْ ٝ

 .٤ٓجٙ ثُؾشح

 : (water Lead Pollution)صِٞط ث٤ُٔجٙ دجٌُطجص  -1

صضِٞط ث٤ُٔجٙ دؼ٘قش ثُشفجؿ ٗض٤ؾز ٓلآغز ثُٜٞثء ثُِٔٞط دٚ ُِٔغطقجس ثُٔجة٤ز أٝ 

ثُٜٞثء ثُِٔٞط دؼجدّ ثُغ٤جسثس أٝ ٓذثخٖ ٓقجٗغ ثٌُذش٣ش ٝثُطلاء ٝثُٞسم ٝثُوقذ٣ش 

ٝثُقل٤ـ ًٔج ٣ٌٖٔ ٝإٔ صضِٞط ث٤ُٔجٙ ٗض٤ؾز هلاء ثُخضثٗجس ٝأٗجد٤خ ث٤ُٔجٙ ٝثُؾذسثٕ ثُذثخ٤ِز 

أٝ ٣غضخذّ ك٠ ثُِقجّ ٝثُزٟ ٣ضقٍٞ ٌُشدٞٗجس سفجؿ لا ص٘قَ ك٠ ثُٔجء ك٤ؼن صغشح 

. ثُشفجؿ ٖٓ ؽذ٣ذ ُِٔجء ٝصضدثد ٗغذز ثُشفجؿ ك٠ ث٤َُِ ٝثُقذجؿ ثُذجًش ُشًٞدٙ ث٤ُٔجٙ دٚ

أٝ هذ ٣ٌٕٞ ٓقذس ثُضِٞط ٛٞ عقخ ِٓٞعز دٚ ٝٓٔطشر ٝهذ ٣ٌٕٞ ٓقذس ثُضِٞط ٛٞ فشف 

. ٤ٓجٙ ٓخِلجس ثُٔقجٗغ دج٧ٜٗجس ٝثُذقجس ثُوش٣ذزٖٓ ٛزٙ ثُٔقجٗغ

ٝصذِؾ ٗغذز ثُشفجؿ دج٤ُٔجٙ 
1-

)ُضش / ٤ٌٓشٝؽشث10ّ
1-

(. ppb: ؽضء ك٠ ثُذ٤ِٕٞ 010

ُٝٞفظش ص٣جدر ك٠ صش٤ًض ثُشفجؿ دؾي ػج٠ُ ٓخ٤ق ك٠ ث٥ٝٗز ث٧خ٤شر ك٠ ٤ٓجٙ ثُٔق٤طجس 

كضنجػلش خٔظ ٓشثس خجفز ك٠ ؽٔجٍ ثُٔق٤و ث٧هِ٘ط٠ ًٝزُي دِؾ ػذر أؽضثء كلا ث٤ُِٕٔٞ 

ك٠ ف٤ٖ دِـش  ( ٓضش ٖٓ ثُؾٞثهب220أٟ ػ٠ِ دؼذ ٣ذِؾ  )ػ٠ِ ث٤ُٔجٙ ث٩ه٤ٔ٤ِز ُؾٞثهب ُذ٘جٕ 

دؤٗغؾزثٌُجة٘جس ثُذقش٣ز ك٠  ( ؽضء ك٠ ث480ٕٞ٤ُِٔ – 150)ٓغضٟٞ ٛجةَ ٝٓخ٤ق ُِـج٣ز 

. خ٤ِؼ صغج٤ُٗٞي خجفز دجُوشح ٖٓ ٓؼَٔ إٗضجػ ٓشًخ صضشث إ٣غ٤َ ثُشفجؿ

ٝصشثًْ ؽض٣تجس ثُشفجؿ دؤٗغؾز ثٌُجة٘جس ثُق٤ز ًجُطقجُخ ٝثُوؾش٣جس ٖٝٓ ًلاٛٔج 

. ٣٘ضوَ ػذش ثُغلاعَ ثُـزثة٤ز ثُق٤ٞث٤ٗز ٣ٝقَ ك٠ ثُٜ٘ج٣ز ُلاٗغجٕ

د٤ٔجٙ ثُؾشح ٣ؤدٟ  ( ؽضء ك٠ ث0.1ٕٞ٤ُِٔ)ُضش / ِٓؾْ 0.1ثسصلجع ٗغذز ثُشفجؿ ػٖ 

ُظٜٞس أػشثك ثُضغْٔ دجُشفجؿ ك٠ فٞسر خطٞه صسهجء ٓغٞدر دجُِغز ٝصٌغ٤ش ًشثس ثُذّ 

ثُقٔشثء ٝإٓغجى ثٗخلجك ٗغذز ث٤ُٜٔٞؽِذ٤ٖ ٓغ أُْ دجُقشر أٝ صقضٜج ٝدض٣جدر ؽذر ث٧ػشثك 

. (comma)صؤدٟ ٩مطشثدجس ػقذ٤ز صقَ ُِؾَِ ثُطشك٠ ٝثُقشع ٝثُضؾ٘ؾجس عْ ؿ٤ذٞدز 

. ًٔج أٗٚ ٣ؼٞم إكشثص فٔل ث٤ُٞس٣ي ٓٔج ٣ؤدٟ ُظٜٞس أػشثك ٓشك ثُ٘وشط

 ؽضء 10ُضش /  ٤ٌٓشٝؽشثّ 10ٝصقضٟٞ ث٤ُٔجٙ ثُغطق٤ز ػ٠ِ ٓغضٟٞ ٖٓ ثُشفجؿ ٣ذِؾ 

٣ٝؾخ ػذّ ثعضخذثّ ٤ٓجٙ ثُؾشح ثُض٠ صقَ ك٤ٜج  (ُضش/  ؽضء ك٠ ث٤ُِٕٔٞ 0.010: ك٠ ثُذ٤ِٕٞ 

ف٤ظ ٣ضشعخ ك٠  ( ؽضء ك٠ ث0.050ٕٞ٤ُِٔ)ُضش / ٤ٌٓشٝؽشث50ّصش٤ًض ثُشفجؿ إ٠ُ 
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ث٧ٗغؾز ثُؼظ٤ٔز ٝثٌُذذ ٝث٤ٌُِض٤ٖ ك٠ ك٠ فٞسر عجُظ كٞعلجس ثُشفجؿ ٣ضشثًْ دجُؼظجّ ٓغ 

كضشثس ثُضؼشك ثُط٣ِٞز ٣ٝقَ ٓقَ ثٌُجُغ٤ّٞ ًٔج ٣ضشثًْ دؤٗغؾز ثُٔخ ك٤ضِلٜج ٓٔج ٣ؤدٟ 

٣قذـ ثُٔجء  ( ؽضء ك٠ ث0.1ٕٞ٤ُِٔ)ُضش /  ٤ٌٓشٝؽشث100ُِّقشع دٞفٍٞ صش٤ًضٙ إ٠ُ 

ُٝزث ٣ؾخ ثعضخذثّ ٤ٓجٙ ثُق٘ذٞس ثُؼجدٟ دجُٔ٘ضٍ صشى ث٤ُٔجٙ صضذكن دذٕٝ ثعضخذثّ ُؼذر . (ثُغجّ

٣ٝٞؽذ . عٞث٠ٗ دٕٝ ثعضخذثٜٓج ف٤ظ ٣ضغ٠٘ ثُضخِـ ٖٓ ٗغذز ػج٤ُز ٖٓ ثُشفجؿ دٜج

ثُشفجؿ د٤ٌٔجس مت٤ِز دجُؾغْ ف٤ظ ٣ذخَ ػٖ هش٣ن ثُلْ ػ٘ذ ثُؾشح ٤ُِٔجٙ ثُِٔٞعز دٚ 

ف٤ظ صلشص ٗغذز ٓ٘ٚ دجُذشثص ٝأخشٟ دجُذٍٞ ػٖ هش٣ن ث٤ٌُِض٤ٖ ٝٗغذز عجُغز صٔضـ ٝصقَ 

ك٠ ف٤ٖ ٣ذخَ )ٝصضقشى ٌُذذ ثُزٟ دذٝسر ٣قشًٜج ٓغ ثُؼقجسر ثُقلشثء ٨ُٓؼجء % 20فض٠ 

،  (ثُشفجؿ ٓغ ثُٜٞثء ثُِٔٞط ثُٔغض٘ؾن خلاٍ ثُؾؼخ ثُٜٞثة٤ز ُِذّ ٝلا ٣ٔش ػٖ هش٣ن ثٌُذذ

ٝٗظشثً ُضؾجدٚ ػ٤ِٔض٠ صٔغ٤َ ثُشفجؿ ٝثٌُجُغ٤ّٞ ك٠ ثُؾغْ كؤٕ ثُؼٞثَٓ ثُٔقلضر ُضخض٣ٖ 

. ثٌُجُغ٤ّٞ دجُؾغْ صٌٕٞ ٠ٛ ٗلغٜج ثُؼٞثَٓ ثُٔقلضر ُضخض٣ٖ ثُشفجؿ

٣ٝؤدٟ ثُضغْٔ ثُٔضٖٓ دؼ٘قش ثُشفجؿ إ٠ُ صذِذ كٌشٟ ٝصخِق ػو٠ِ ٝػذّ ثُٔوذسر ػ٠ِ 

ثُضش٤ًض ٓغ مؼق ك٠ ثُزثًشر ٝفْٔ ٝكوذثٕ ثُ٘طن أٝ ثُؼ٠ٔ عْ ثُؾَِ ٤ُِذ ث٠٘ٔ٤ُ عْ ث٤ُغشٟ 

. ٝأخ٤شثً ؽَِ ثُٔخ ٝكؾَ ًِٟٞ

أؽغجدْٜٓ صؤدٟ لاٗخلجك ٓغضٟٞ ثُزًجء حأٓج دجُ٘غذز ٨ُهلجٍ كض٣جدر ٗغذز ثُشفجؿ 

. (ٝرُي ُض٣جدر ٗؾجهْٜ ٓغ هِز ٓقضٟٞ أؽغجْٜٓ ثُ٘غذ٠ ٖٓ ثُذّ)دٞمٞؿ 

٣ؤدٟ ُٞلادر  ( َِٓ د100ّ/ ٤ٌٓشٝؽشث8ّ)٣ٝلافع إٔ ٝؽٞد ثُشفجؿ دذّ ث٧ّ ثُقجَٓ 

 َِٓ 100/ ٤ٌٓشٝؽشث25ّأهلجٍ ٣قضٟٞ دْٜٓ ػ٠ِ ٗغذز ًذ٤شر ٖٓ ثُشفجؿ ٝهذ ٣قَ إ٠ُ 

 200دّ ًٔج ٣ؤدٟ ثُشفجؿ دذّ ث٧ّ إ٠ُ ٝلادر أهلجٍ رثس أٝصثٕ أهَ ٖٓ ثُٔضٞعو دقٞث٠ُ 

. ؽْ ٝمؼجف ٩عضؾجدز ثُٔؤعشثس ثُذقش٣ز ٝثُغٔؼ٤ز ُقٞط إػجهز ك٠ ٗٔٞ خلا٣ج ثُٔخ

 

  :(water Mercury Pollution) صِٞط ث٤ُٔجٙ دجَُةذن  -2

صؼذ ِٓٞعجس ثُضةذن ثُؼن٣ٞز أؽذ خطشثً ٝع٤ٔز ػ٠ِ ثُققز ثُؼجٓز ػٖ ٓشًذجس ثُضةذن 

– ك٤٘٤َ خلاس ثُضةذن – ٓغَ ثُضةذن )ثُـ٤ش ػن٣ٞز ٝثُض٠ ٣ٌٖٔ ُؾغْ ثلاٗغجٕ إكشثصٛج دجُذٍٞ 

  .(دثٟ ٤ٓغ٤َ ثُضةذن

  (High stability)٣ٌٖٝٔ عذخ خطٞسصٜج ٝع٤ٔضٜج ثُؼج٤ُز ك٠ دسؽز عذجصٜج ثُؼج٤ُز 

 دثخَ أٗغؾز ثُؾغْ خجفز دؤٗغؾز ثُٔخ كضغذخ (Bio accumulation)ٝصشثًٜٔج ثُق٤ٟٞ 

 ٝمؼق دجُذقش ٝثُغٔغ ػلاٝر ػ٠ِ ًٜٞٗج ٓٞثد ٓطلشر (Teratogenic)ؽَِ ٝصؾٞٛجس 
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(Mutagenic) ًْكٌِٔج صثدس دسؽز فؼٞدز صقِِٜج ًِٔج صثدس دسؽز خطٞسصٜج ًٔج صضشث 

 0.0001)ُضش / ٤ٌٓشٝؽشث0.1ّدؤٗغؾز ثُغٔي ثُٔٞؽٞدر ك٠ ٤ٓجٙ ِٓٞعز ٣قَ صش٤ًضٛج دٜج 

ٝػ٘ذ دِٞؽ ٓغضٟٞ صش٤ًضٙ ك٠ ٤ٓجٙ ثُؾشح عجٓز ف٤ظ إٔ أهق٠ فذ  (ؽضء ك٠ ث٤ُِٕٔٞ

 ٝصضدثد خطٞسر ثُضةذن ثُلاػنٟٞ دضقُٞٚ ُضش/ ِٓؾْ 0.001ٓغٔٞؿ دضٞثؽذ ك٠ ثُٔجء ٛٞ 

ُٔشًذجس صةذن ػن٣ٞز عجٓز ًٔغ٤َ ثُضةذن ٌُِجة٘جس ثُق٤ز ثُذه٤وز ف٤ظ إٔ ثُٔشًذجس ثُضةذو٤ز 

ثُؼن٣ٞز أؽذ ع٤ٔز ٝخطشثً ػ٠ِ ث٩ٗغجٕ ك٠ٜ صٔضـ ٝصضشثًْ ك٠ ف٤ٖ إٔ ثُٔشًذجس ثُضةذن 

. ثُؼن٣ٞز ٣ضْ إخشثؽٜج ػٖ هش٣ن ثُذٍٞ

ًزُي أظٜشس ثُضوجس٣ش ػٖ صق٤َِ ػ٤٘جس دشٝص٤ٖ عٌٔز صْ ف٤ذٛج ٖٓ دق٤شر عجٗش ٤ًِش 

دٌ٘ذث ثفضٞثءٛج ػ٠ِ ثُضةذن ك٠ فٞسر ع٘جة٠ ك٤٘٤َ ثُضةذن ٣شصذو دجُذشٝص٤ٖ ػٖ هش٣ن رسر 

 (ثُٜجةٔجس)فجُز ثُؼٞثُن  ك٠ ثٌُذش٣ش ًزُي ًجٕ ثُقجٍ ك٠ دق٤شر ٤ُٔجٕ دغ٣ٞغشث خجفز ف

ثُ٘ذجص٤ز ٝثُؾغ٤ٔجس ٝثُض٠ أػض٣ش ُقشف ٤ٓجٙ ثُٔقجٗغ ك٠ ٤ٓجٙ ٜٗش ثُشٕٝ ثُزٟ صقَ ٤ٓجٛٚ 

. ُِذق٤شر

ثُط٤ٞس < ٣ٝلافع إٔ صش٤ًضٙ ٣ضدثد صشًضثً دجسصوجء ًجة٘جس ثُغلاعَ ثُـزثة٤ز كٜٞ دج٩ٗغجٕ 

ثُٜجةٔجس ٣ٝؼضٟ رُي ُض٣جدر ٓؼذٍ صشثًٔٚ ثُق٤ٟٞ ػ٠ِ < ثُ٘ذجصجس < ثُوؾش٣جس < ث٧عٔجى < 

 ًٔج ظٜش أعشٙ ثُٞثمـ (Bio magnification)ٛزث ثُ٘قٞ ٝٛٞ ٓج ٣غ٠ٔ دجُضنخْ ثُق٤ٟٞ 

ك٠ ثُضشثًْ ثُق٤ٟٞ ٝثُضنخْ دٞمٞؿ ك٠ ٓشك ث٤ُٔ٘جٓجصج ٝثُزٟ صشؽغ صغ٤ٔضٚ إ٠ُ خ٤ِؼ 

٤ٓ٘جٓجصج ك٠ ث٤ُجدجٕ ف٤ظ أدٟ فشف أفذٟ ٓقجٗغ ثُذلاعض٤ي ُٔخِلجصٚ ك٠ ٤ٓجٙ ثُخ٤ِؼ ًٝجٗش 

 ؽضء ك٠ ث٤ُِٕٔٞ صةذن ٓٔج أدٟ ُضغْٔ ث٧عٔجى ٝثُق٤جد٣ٖ ٝظٜشس 501ٓقض٣ٞز ػ٠ِ 

ث٧ػشثك ك٠ فٞسر ُؼغٔز ك٠ ثُ٘طن ٝصؿِِٚ ٝؽَِ دج٧هشثف ُضذ٤ٓش ثُخلا٣ج ثُؼقذ٤ز ك٠ 

. ثُٔخ٤خ ٝثُٔخ ث٧ٝعو ًٔج أدٟ ُقذٝط دؼل فجلاس صـ٤ش ؽ٤٘٤ز

ًٔج أدس إُوجء كنلاس ٓقجٗغ ثُضةذن ُض٣جدر ٗغذز ٝك٤جس عٌجٕ ٜٗش دثٓغ٠ ك٠ ٝثؽ٘طٖ 

أٜٝٗش ٛٞٓغٕٞ ك٠ ٣ٞ٤ٗٞسى ٝدق٤شر صٞسًؼ دٞلا٣ز ٤ٓضؾؾجٕ ُٜٝزث هجٓش عِطجس ٛزٙ 

. ثُٞلا٣جس ثُغلاعز دقظش ثُغذجفز أٝ ص٘جٍٝ ث٤ُٔجٙ أٝ ث٧عٔجى ٖٓ ٛزٙ ثُٔقجدس ثُغلاعز

ًْ / ٣ؾشثّ ٍ 1ُّٝوذ دِـش ٗغذز ثُضةذن دجُغٞثفَ ثُؼشد٤ز ػ٠ِ ثُذقش ث٧د٤ل ثُٔضٞعو 

 ًْ عٔي أع٤ٟٞ ٣ؤدٟ دذٝس لآضقجؿ ٓج ٣ٞثصٟ 2عٔي ٝٛٞ ٓج ٣ؾ٤ش دؤٗٚ ػ٘ذ ثعضٜلاى 

 (صؤع٤شثصٚ)أعذٞع ٝػ٤ِٚ صظٜش أػشثمٚ /  ٤ٌٓشٝؽشثّ دجُؾغْ ٤ِِٓ80ؾشثّ ٣غذش ٜٓ٘ج 2

 ػجّ ٝٓٔج ٣ؾذس دجُزًش ك٠ ٛزث ثُقذد ٝٛٞ ٓج 20 ع٘ٞثس ٝصقذط ثُٞكجر دؼذ 7ث٠ُٝ٧ دؼذ 

أعجس ثُذٛؾز صٞثؽذ صش٤ًضثس ِٓقٞظز ٖٓ ثُضةذن ك٠ ثُق٤ٞثٗجس ثُوطذ٤ز ًجُذح ثُوطذ٠ 
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ٝثُط٤ٞس ًجُذ٘ؾ٣ٖٞ سؿْ سؿْ دؼٜذٛج ػٖ ٓقجدس ثُضِٞط دٚ ٝهذ أػضٟ رُي إ٠ُ فذٝط صِٞط 

. دئفذٟ ٓشثفَ ثُغِغِز ثُـزثة٤ز ف٤ظ ثٗضوِش ٓضذو٤جس ثُضةذن ُٜج خجفز ث٧عٔجى

 Closrtidum Cocheaealcorٝصوّٞ ثٌُجة٘جس ثُق٤ز ثُذه٤وز ثُـ٤ش ٛٞثة٤ز ٓغَ دٌض٤ش٣ج 

ٝثُض٠ ٣ٌغش ٝؽٞدٛج ك٠ ثُضشعذجس ثُٔجة٤ز دضق٣ِٜٞج ُٔغ٤َ ثُضةذن أٝ دثٟ ٤ٓغ٤َ ثُضةذن ٝٛٞ أؽذ 

. ع٤ٔز

 : (Water Cadmium Pollution)صِٞط ث٤ُٔجٙ دجٌُجه٤ّٓٞ  -3

٣ضْ صِٞط ث٤ُٔجٙ دؼ٘قش ثٌُجد٤ّٓٞ ٗض٤ؾز إُوجء ٓخِلجس ثُٔقجٗغ ٝثُض٠ صقَ إ٠ُ 

 هٖ ع٣ٞ٘جً ٖٓ ٓؼذٕ ثٌُجد٤ّٓٞ ك٠ ثُٔغطقجس ثُٔجة٤ز خجفز ٓخِلجس ٓقجٗغ ثُٔٞثع٤ش 1000

ٝثٌُجد٤ّٓٞ ِٓٞط خطش ؽذثً . ٝثُطلاء أٝ ُٔشٝس ٤ٓجٙ دٔٞثع٤ش دلاعض٤ي ٣ذخَ ك٠ صش٤ًذٜج

ُضشثًٔٚ دؤؽغجّ ثٌُجة٘جس ثُق٤ز ثُ٘ذجص٤ز ٝثُق٤ٞث٤ٗز خجفز ثُٔجة٤ز ٜٓ٘ج ًجُغٔي ٝثُوؾش٣جس 

. (Food chain)ٝأخ٤شثً ٣قَ ثلاٗغجٕ دؤز ثُغِغِز ثُـزثة٤ز 

ؽضء ك٠  % 12)ُضش /  ٤ٌٓشٝؽشثّ ٣ٝ120ؾخ ألا ٣ض٣ذ ٓغضٟٞ صٞثؽذٙ دج٤ُٔجٙ  ػٖ 

ٝص٣جدر ٓغضٞثٙ ػٖ رُي صؾؼَ ث٤ُٔجٙ ؿ٤ش فجُقز ُلاعضخذثّ ث٥د٠ٓ ٝٛ٘ج ٣ؾخ ث٧خز  (ث٤ُِٕٔٞ

ك٠ ثلاػضذجس إٔ ٓٞثع٤ش ث٤ُٔجٙ ثُذلاعض٤ٌ٤ز ثُق٘غ صؤدٟ إ٠ُ صغشح ثٌُجد٤ّٓٞ ٖٓ ٓجدصٜج ٤ُِٔجٙ 

 ( ؽضء ك٠ ث0.2ٕٞ٤ُِٔ)ُضش /  ٤ٌٓشٝؽشثّ 200ثُٔجسر ك٤ٜج ٝػ٘ذ دِٞؽ ٓغضٞثٙ دج٤ُٔجٙ إ٠ُ 

ٝصقذـ ث٤ُٔجٙ ٤ٔٓضز ، ف٤ظ ٣ؤدٟ ثٌُجد٤ّٓٞ إ٠ُ ثمطشثح ك٠ ثُ٘ٔٞ ثُؼجّ ٓغ صـ٤٤ش ك٠ 

ًزُي فذط صغشح ٌُِجد٤ّٓٞ  (أ٣ضجٟ– أ٣ضجٟ )ٝظٜٞس ٓشك  (أ٤ٔ٤ٗج)صش٤ًخ ثُذّ ٝكوش ثُذّ 

ٖٓ ٗلج٣جس إفذٟ ثُٔقجٗغ ثُٔطِز ػ٠ِ ٜٗش دجُذشثص٣َ ُِقجلاس صغْٔ ك٠ فٞسر ثمطشثدجس 

/  ِِٓؾشثّ 21ػقذ٤ز ٝثسصلجع ك٠ مـو ثُذّ ف٤ظ دِـش ٗغذضٚ دؤؽغجّ أعٔجى ٤ٓجٙ ثُٜ٘ش إ٠ُ 

.  عٔيؽْى
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 : (Water arsinous pollution)صِٞط ث٤ُٔجٙ دؼ٘ظٌ ث٤ًَُٗل - 4

٣قذط صِٞط ث٤ُٔجٙ دؼ٘قش ثُضس٤ٗخ ٖٓ ػذر ٓقجدس أًغشٛج ثُضؼشك ُذوج٣ج ثُغّٔٞ 

ثُضس٤ٗخ٤ز ثُٔغضخذٓز ك٠ ٌٓجكقز ث٥كجس ثُقؾش٣ز ٝثُق٤ٞث٤ٗز ٝثُقؾجةؼ عٞثء ٧ٗؾشثكٚ ك٠ 

 أع٘جء ثُشػ أٝ أع٘جء ثُضؼل٤ش ٝعوٞهٜج ػ٠ِ ث٧عطـ ثُٔجة٤ز ثُٔق٤طز أٝ (Drift)ثُٜٞثء 

 Dripping : Run)ثُٔضشعذز ٜٓ٘ج ػ٠ِ ث٧عطـ ثُٔؼجِٓز ٝثُضشدز ٝثُقجدط ُٜج ػ٤ِٔز عش٣جٕ 

off) َأٝ ثُـغ٤ (Washing) عْ صضخَِ فذ٤ذجس ثُضشدز ٝصضؾشح (Leashing) َفض٠ صق 

. إ٠ُ ث٤ُٔجٙ ثُؾٞك٤ز ًٝزُي ٤ٓجٙ فشف ثُٔقجٗغ ٝثُوجةٔز دطقٖ ٝصؾ٤ٜض ٓغضقنشثصٚ

 Penta)٣ٝلافع إٔ ٓشًذجس ثُضس٤ٗخ ثُغلاع٤ز أؽذ ك٠ دسؽز ع٤ٔضٜج ػٖ ثُخٔجع٤ز 

vallant) ف٤ظ ُٔؼذٍ ثُزٝدجٕ ًٝزُي دسؽز ) لاسصلجع ٓؼذٍ رٝدجٕ ث٠ُٝ٧ ًغ٤شثً ك٠ ثُٔجء

ٗؼٞٓز ثُٔجدر أعشٛٔج ثُلؼجٍ ك٠ ثسصلجع ثُغ٤ٔز كٌِٔج صثدس دسؽز ثُ٘ؼٞٓز ًِٔج صثد ٓؼذٍ 

ثُضخَِ ٝثلآضقجؿ ، ًزُي كٌِٔج صثدس ٗغذز ثُزٝدجٕ صثدس ٗغذز ثٗلشثد ثُضس٤ٗخ ثُزثةخ ك٠ 

ف٤ظ صؤدٟ ثسصلجع دسؽز ثُقشثسر أٝ ثُشهٞدز ثُ٘غذ٤ز أٝ ثُ٘ذٟ أٝ ص٣جدر ٗغذز عج٠ٗ  )(ثُٔجء

أًغ٤ذ ثٌُشدٕٞ دجُؾٞ ًزُي ثُٔ٘جهن ثُغجف٤ِز ف٤ظ ص٣جدر ٓغضٟٞ ًِٞس٣ذ ثُقٞد٣ّٞ دجُؾٞ إ٠ُ 

ٝثُضج٠ُ صضدثد دسؽز ثُغ٤ٔز ٝثُنشس ثُؾجٗذ٠ ػ٠ِ ثُ٘ذجصجس  (ص٣جدر ثٗلشثد ثُضس٤ٗخ ثُزثةخ

ٝثُق٤ٞثٗجس ٝدجٓضقجفٜج دجُؾغْ خلاٍ ثُؾِذ أٝ دٞفُٜٞج ُِو٘جر ثُٜن٤ٔز ػٖ هش٣ن ؽشح 

٤ٓجٙ ِٓٞعز دٜج أٝ أهؼٔز صقضٟٞ ػ٠ِ ٓخِلجصٜج صذذأ أػشثك ثُضغْٔ ثُٔؼذٟ ك٠ فٞسر آلاّ 

ؽذ٣ذر دجُٔؼذر عْ ثعٜجٍ ٝصذٍٞ ٓذْٓ ٝؽقٞح ٝدشٝدر دجُؾغْ ٓغ ثُؼطؼ ٝٗوـ ثُض٘لظ عْ 

 ٖٓ ٝصٕ ؽْ ى/  ِِٓؾشثّ 100 – ٣5ذخَ ك٠ ثُـ٤ذٞدز كجُٞكجر ، ف٤ظ صذِؾ ثُؾشػز ثُوجصِز 

. ثُؾغْ صذؼجً ُ٘ٞع ثٌُجةٖ ثُٔؼجَٓ ٝٗٞع ثُٔشًخ ثُضس٤ٗخ٠

 (Bio receports)ٝدٞفُٜٞج ُِؾغْ صشصذو دزسثس ًذشس ثُٔغضوذلاس ثُق٣ٞ٤ز 

 كضغذطٜج ٓغَ إٗض٣ْ لاًض٤ي (SH-)خجفز ث٩ٗض٣ٔجس ثُٔقض٣ٞز ػ٠ِ ٓؾج٤ٓغ عِل٤ٜذس٣َ 

د٤ٜ٣ذسٝؽ٤٘٤ض ٝأُلج ؽِغشٝ كٞعلجس د٤ٜ٣ذسٝؽ٤٘٤ض ٝثُغ٤ضًٞشّٝ أًغ٤ذ٣ض ك٠ٜ صغضٜذف 

سٝثدو ثٌُذش٣ش ٝص٣ٌٖٞ ٓشًذجس ًذش٣ض٤ز كضخضل٠ ٓؾج٤ٓغ ثُغِل٤ٜذس٣َ ثُقشر ٝثُض٠ صوّٞ دذٝس 

 (PAL)ًذ٤ش ك٠ ثُٔقجكظز ػ٠ِ ػ٠ِ ثُؾٌَ ث٤ُٔٔض ُِذشٝص٤ٖ ُزث كجُقوٖ دجُؾِٞصجع٤ٕٞ أٝ ثُذجٍ 

٣ٔ٘غ ثعضٔشثس ثُضغْٔ ُض٘جكظ ٓؾج٤ٓغ ثُغِل٤ٜذس٣َ ػ٠ِ ؽضة٤جس ثُضس٤ٗخ ٝصشصذو دٚ ٝصذؼذٙ 

 خجفز ػ٘ذ ثسصلجع صش٤ًضٙ (Coagulation)صؾِو : ػٖ ث٧ٗغؾز دٔج ٣ؤدٟ ُؼ٤ِٔجس صشعخ 

كؾض٣تجس ثُٔشًذجس ثُضس٤ٗخ٤ز صغضٜذف ك٠ ثُٔوجّ ث٧ٍٝ سٝثدو ثٌُذش٣ش ٝثُض٠ ُٜج دٝسٛج 

.  ُؾضة٠٤ ثُذشٝص٤ٖ(Configuration)ثُٜجّ ك٠ فلع ثُؾٌَ ثُذ٘جة٠ ث٤ُٔٔض 
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ث٧ٗض٣ٔجس ثُض٠ صوّٞ د٘ضع ث٤ُٜذسٝؽ٤ٖ ٖٓ  (أ)ًٔج صشصذو ٓغ ثُٔشثكن ث٧ٗض٠ٔ٣ 

ثُٔشًذجس ثُق٣ٞ٤ز أٝ صشصذو دجُٔٞثد ثُٔؤًغذر كضٔ٘غ ػ٤ِٔز ثُلغلشر ثُضؤًغ٤ذ٣ز ُؾض٣تجس 

. (ATP) ٝص٣ٌٖٞ ثُ٘جصؼ ثُٔلغلش (ADP)ث٧د٣٘ٞع٤ٖ دثٟ كٞعلجس 

٣ٝلافع إٌٓج٤ٗز صخِـ ثُؾغْ ٖٓ ثُضش٤ًضثس ثُٔ٘خلنز دٞثعطز ث٤ٌُِز ٝإخشثؽٜج 

ػٖ هش٣ن ثُٔغجس ثُذ٠ُٞ ٝك٠ دؼل ث٧ف٤جٕ ٣لشص ك٠ ثُذشثص ف٤ظ ظٜش ك٠ ث٧دوجس ُٔذر 

 ٣ّٞ ٝٛ٘ج ٣ؾخ ث٧خز ك٠ ثلاػضذجس ك٠ ٛزث 70 ٣ّٞ د٤٘ٔج ٝفِش ك٠ ثُذشثص فض٠ 14صقَ إ٠ُ 

أٓج ك٠  (أًِز ثُضس٤ٗخ)ثُقذد دؤٕ ثُضش٤ًضثس ثُنؼ٤لز ٓ٘ٚ صؼذ ٓ٘ؾطز ُِؾغْ ٝكجصقز ُِغ٤ٜز 

 لاسصلجع ٓغضٟٞ ثُضس٤ٗخ ك٠ ٤ٓجٙ ثُؾشح (Black foot)صج٣ٞثٕ ك٤٘ضؾش ٓشك ثُوذّ ثُغٞدثء 

 ؽضء 6-4)ثُؾٞك٤ز ًزُي ٝؽذس صش٤ًضثس ػج٤ُز ٓ٘ٚ ك٠ ٤ٓجٙ ؽشح دوش٣ز صٞسدٞثٕ دجٌُٔغ٤ي 

. (ك٠ ث٤ُِٕٔٞ

أٓج ػ٘ذ ثُضؼشك ُؾشػجس ػج٤ُز ػٖ ثُقذ ثُزٟ ٣ٌٖٔ ػ٘ذٙ إٔ ٣ضخِـ ثُؾغْ ٜٓ٘ج كئٕ ثُضثةذ 

 عْ ث٤ٌُِز عْ دؼل (Fatty Liver)ٜٓ٘ج ٣ضؾٔغ دجُذسؽز ث٠ُٝ٧ دجٌُذذ ك٤غذخ صذٖٛ ثٌُذذ 

. ث٧ٗغؾز ث٧خشٟ ًجُؼظجّ ٝثُؾِذ ٝث٧ظجكش ٝثُؾؼش

أٓج دجُ٘غذز ُضؤع٤شثس ٓشًذجس ثُضس٤ٗخ ثُغجٓز ػ٠ِ ثُ٘ذجصجس ثُض٠ ٣ضخِِٜج عٞثء ػٖ 

. هش٣ن ثُٔٞثمغ ثُشه٤وز ك٠ ٤ًٞص٤َ ث٧ٝسثم دجُٔؾٔٞع ثُخنشٟ ف٤ظ ٣ذو٠ دٜج ٝلا ٣ضقشى

٣ٝلافع إٔ دسؽز ثُضخَِ صضدثد دجسصلجع ثُشهٞدز أٝ ػٖ هش٣ن ثُؾزٝس كضشصلغ ك٤ٜج ٧ػ٠ِ 

 كضغٞد (Protoplasmic poisons)دجُٔؾٔٞع ثُخنشٟ ٝٛ٘ج ٣ؤعش ًغْ دشٝصٞدلاص٠ٓ 

ٝصقذط ػوخ ػ٤ِٔز إٓضقجفٚ خلاٍ ثُٔؾٔٞع . (فشٝم ٓٞمؼ٤ز)ث٧ٝسثم ٝصٔٞس 

 .ثُخنشٟ ص٣جدر عشػز ثُض٘لظ ٝٛ٘ج صضقٍٞ ث٧ٝسثم ُِٕٞ ث٧فلش عْ صغوو

 :Water Copper pollutionصِٞط ث٤ُٔجٙ دجُ٘قجُ - 4

٣ذخَ ثُ٘قجط ثُؾغْ ػٖ هش٣ن ث٤ُٔجٙ ٝث٧ؿز٣ز ثُِٔٞعز أٝ ثُٜٞثء ثُِٔٞط عْ ٣ٔضـ 

 دآ٤ُز ؿ٤ش ٝثمقز ٦ُٕ ُٝٚ (Metallothionine)دج٧ٓؼجء ٓؼضٔذثً ػ٠ِ ثُذشٝص٤ٖ ثُٔشصذو 

ع٤شُٝٞدلاص٤ٖٓ : ؽِٞد٤ٖ -ك٠ رُي ػلاهز دجُضٗي ٝثٌُجد٤ّٓٞ ٝعشػجٕ ٓج ٣شصذو دؤُلج

(Ceroloplasmine) ٣ٝخضٕ دجٌُذذ ًذشٝص٤ٖ ٣غ٠ٔ (Hepatocupreina) ف٤ظ ٣طِن 

 خلا٣ج ث٧ػقجح ثعْ (Cerebrocuprin)ػ٠ِ ٛزث ثُذشٝص٤ٖ دشٝص٤ٖ ًشثس ثُذّ ثُقٔشثء 

. (Cytocuprin)ٓؾضشى ٛٞ 

٣طشؿ ثُ٘قجط خجسػ ثُؾغْ ػٖ هش٣ن ثُذشثص ٓغ إكشثصثس ثُقلشثء أٝ ٣خشػ ك٠ 

 (Cytochrome Oxidase)٣ٝذخَ ك٠ ػَٔ أٗض٣ْ ثُغ٤ضًٞشّٝ أًغ٤ذ٣ض . (%4)ثُذٍٞ 
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 (Tayro synthetase) ٝثُضج٣شٝع٤٘ض٤ض (Scorpic Oxidase)ٝث٧عٌٞسد٤ي أًغ٤ذ٣ض 

ًزُي كٞؽٞدٙ ٣قغٖ .  ٝمٞسٟ ُضٔغ٤َ ثُطجهز ٝص٣ٌٖٞ ث٤ُٜٔٞؽِٞد٤ٖ(Uricase)ٝث٤ٌ٣ٞ٤ُض 

ٖٓ ثٓضقجؿ ثُقذ٣ذ ٖٓ خلا٣ج ؽذس ث٧ٓؼجء ٝصقشًٚ د٤ٖ ثٌُذذ ُِذلاصٓج ُذ٘جء ث٤ُٜٔٞؽِٞد٤ٖ 

 صؤدٟ ُٔشك (Hypocupremia)ًٔج ٣ذخَ ك٠ ص٣ٌٖٞ ثُؼظجّ ٝث٤ِ٤ُٖٔ دجُٔخ ُٝزث ك٘وقٚ 

 ُنٔٞس ٝص٤ِق ػنِز (Falling disease) ٝثُغوٞه (Neonatal Ataxia)ث٠ٌُِ ٝثُضخِؼ 

ثُوِخ ٝٗوـ ث٩خقجح ٝٓٞس ثُؾ٤ٖ٘ ٝمؼق ثُض٘لظ ٝصؾٞٙ ث٧ؽ٘ز أٓج ص٣جدر ٓغضٞثٙ دجُذّ 

 ُقذٝط صـ٤شثس د٘غ٤ؼ ثُٔخ (Wilson)ٝث٧ٗغؾز خجفز أٗغؾز ثٌُذذ ك٤ؤدٟ ُٔشك ٣ِٝغٕٞ 

ٝثٌُذذ ك٤ضشثًْ دجٌُذذ ٝهش٤ٗز ثُؼ٤ٖ ٝث٠ٌُِ ٝثُٔخ ٣ٝؼجُؼ دجُٔٞثد ثُٔغضقِذز 

(Penicillamine) ٝثُضٗي ثُزٟ ٣ض٣ذ إكشثصٙ خجسػ ثُؾغْ ٝثُضغْٔ ثُقجد دجُ٘قجط ٗجدس ٓج 

. ؽْى / ؽْ ٣20َِٓقذط ٣ضطِخ رُي ؽشػز صذِؾ 

 دجُؾغْ ُض٣جدر كوذ ثُ٘قجط دجُذٍٞ (Molybdenum)ٝصؤدٟ ص٣جدر ٓغضٟٞ ثُُٔٞذذ٣ْ٘ 

إلا أٗٚ ٣و٠ ث٧ع٘جٕ ٖٓ ثُضغٞط سدٔج ٧عشٙ ك٠ ثلافضلجظ دجُلِٞس دجُؾغْ ٣ٝلافع أ٣نج ثسصذجه 

 ٝثُٔؼجُؼ دئػطجء (Peat scours)ث٧ػشثك ٓؼجً كض٣جدر دجُؾغْ صؤدٟ ُِضغْٔ ٝظٜٞس ٓشك 

د٣ْ٘ ك٤ؤدٟ ٩عٜجٍ ٝٗوـ ثُ٘ٔٞ د٢ٓشًذجس ٓقض٣ٞز ػ٠ِ ثُ٘قجط ُضنجد كؼِٜج أٓج ٗوـ ثٍُٔٞ

 .ٝكوذ ثُذّ ٝصؤخش ٗنؼ ًشثس ثُذّ

 water Iron Pollutionصِٞط ث٤ُٔجٙ دؼ٘ظٌ ثُقو٣و - 5 

ف٤ظ ٣ٌٕٞ فٞسصٚ دجُٔجء ػ٠ِ ٤ٛتز ِٓـ رثةخ ٛٞ د٤ٌشدٞٗجس ثُقذ٣ذ ثُض٠ دضؼشمٚ 

ٝصِٞط ث٤ُٔجٙ دجُقذ٣ذ لا ٣ـ٤ش ٖٓ هؼٜٔج ٌُٖٝ ص٣جدر . ُِٜٞثء ثُؾٟٞ ٣ضقٍٞ ُِٕٞ ث٧فٔش كجُذ٠٘

ٝصقضٟٞ دؼل ٓقجدس ث٤ُٔجٙ . ُضش ٣ؤدٟ ُؼغش ك٠ ثُٜنْ ٝإٓغجى / ؽْ 0.3َِٓٓغضٞثٙ ػٖ 

. ُضش / ؽْ 7َِٓ-5ثُؾٞك٤ز ػ٠ِ صش٤ًضثس صقَ 

      

     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثُغـــج٠ٗ

 

ٙ   ك٠ ػ٤٘جس ث٤ُٔج ثُغو٤ِزصوو٣ٌ ثُٔؼجهٕ
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 ثُغج٠ٗثُلظَ 

 ثٙ ك٠ ػ٤٘جس ث٢ُٔ ثُغو٤ِزصوو٣ٌ ثُٔؼجهٕ

 

A. أٗٞثع ؽٌم ثُضق٤َِ ثُْٔضنوٓز :

 ٛ٘جى هشم ػذ٣ذر صغضخذّ ُضوذ٣ش ثُٔؼجدٕ ك٠ ػ٤٘جس ث٤ُٔجر. 

  ٣ضْ أخض٤جس ثُطش٣وز صذؼج ُِقغجع٤ز ٝثُذهز ثُٔطِٞدز كٜ٘جى هشم ثُضق٤َِ ث٤ُِٗٞز ٝٛ٘جى

 .هشم دئعضخذثّ ث٧ؽٜضر

 Flame atomic absorption methods concentration is ( 0.1 to 10 mg/L) 

Electrothermal methods 

 Inductively coupled plasma emission techniques فذ ثُضوذ٣ش أهَ ٖٓ  ) 

( ٤ٌٓشٝؽشثّ ٌَُ ُضش 0.01  

  Flame Photometry  ٣ؼط٠ فغجع٤ز ثكنَ ُو٤جط ثُضش٤ًضثس ثُؼج٤ُز ُؼ٘جفش

.ثُٔؾٔٞػز ث٠ُٝ٧ ٝثُغج٤ٗز  

 Anodic stripping   

 Colorimetric methods  

 

   :Definition of terms     صؼ٣ٌق ثُٔظطِقجس

Dissolved metals:     ثُؼ٘جطٌ ثُيثةذز

ثُؼ٘جفش ثُزثةذز ك٠ ثُؼ٤٘ز ثُـ٤ش ٓؼجِٓز دجُقجٓل ٝثُض٠ ٣ٌٖٔ ثٕ صٔش خلاٍ ؿغجء صشؽ٤ـ 

 ٤ٌٓش٤ٓٝضش45
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Suspended metals:  ثُؼ٘جطٌثُٔؼِوز  

٣وقذ دٜج ثُؼ٘جفش ثُٔؼِوز ك٠ ثُؼ٤٘ز ثُـ٤ش ٓؼجِٓز دجُقجٓل ٝلا صٔش خلاٍ ؿغجءثُضشؽ٤ـ 

. (٤ٌٓش٤ٓٝضش45  )د٤٘ٔج صقؾض ػ٠ِ ثُـؾجء

Total metals:  ٕٓؾٔٞع ثُٔؼجه 

٣وقذ دٜج صش٤ًض ثُٔؼجدٕ ثُٔٞؽٞدر ك٠ ثُؼ٤٘ز دؼذ ػ٤ِٔز ثُٜنْ أٝ ٓؾٔٞع صش٤ًضثس  

 ثُٔؼجدٕ ثُزثةذز ٝثُٔؼِوز ٣ٝضْ صوذ٣شٛج 

Acid- extractable metals: ثُؼ٘جطٌ ثُض٠ ٣ٌٖٔ ثّضنلاطٜج دجُقجٓغ  

. صش٤ًض ثُٔؼجدٕ ك٠ ثُؼ٤٘ز دؼذ ٓؼجُؾضٜج دٔقٍِٞ ثُقٔل ثُغجخٖ

 

B) Sampling and Sample preservation:     ػ٤ِٔز أمي ٝفلع ثُؼ٤٘جس 

  صضٞهق ثُؼ٤ِٔز ػ٠ِ ٗٞػ٤ز ثُؾضء ثُٔشثد صق٤ِِز ٝثُزٟ دذٝسر ٣قذد إرث ًجٕ عٞف

 .ُؼ٤٘جس دجُقجٓل ٝصشؽـ أّ صٜنْث٣ضْ ٓؼجُؾز 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 13 - 

 

Sample containers:       ٚٓثلاٝػ٤ز ثُْٔضنو 

 ٝٓجدر صلنَ ثلاٝػ٤ز ثُٔق٘ٞػز ٖٓ ثٌُٞثسصض أ  TEF ًٝزُي ٣ٌٖٔ أعضخذثّ ثلاٝػ٤ز 

ٓجدر ثُذ٠ُٞ  polypropylene or linear polyethyleneثُذلاعض٤ٌ٤ز  ثُٔق٘ٞػز ٖٓ 

 polyethylene cap ))دشٝد٤ِ٤ٖ أٝ ثُذ٠ُٞ إع٤ِ٤ٖ  دؤؿط٤ز ٓق٘ٞػز ٖٓ ٓجدر ثُذ٠ُٞ إع٤ِ٤ٖ 

  ًٔج ٣ٌٖٔ إعضخذثّ ثلاٝػ٤ز ثُضؽجؽ٤ز ثُٔق٘ٞػز ٖٓ ثُذٞسٝع٤ٌِجسborosilicate 

glass containers 

  ّ٣قزس ٖٓ إعضخذثsoft glass ٩فضٞثةز ػ٠ِ ؽٞثةخ ٓؼذ٤ٗز دضش٤ًضثس ( ug/L) 

 ٣شثػ٠ ؽطق ثلاٝػ٤ز ثُٔغضخذٓز ًٝزُي ٝسم ثُضشؽ٤ـ دجُقجٓل. 

Sample preservation:   ػ٤ِٔز فلع ثُؼ٤٘جس 

 ٣ضْ فلع ثُؼ٤٘جس دؼذ أخزٛج ٓذجؽشر ٝرُي دئمجكز ٤ًٔز ٖٓ فٔل ث٤ُ٘ضش٣ي ثُٔشًض 

 .2ث٠ُ إٔ ٣قذـ ثُٞعو ثُقجٓن٠ أهَ ٖٓ 

 ٣ضْ صشؽ٤ـ ثُؼ٤٘ز هذَ ػ٤ِٔز ثُققلع ٝػجدر ٣ضْ إمجكز  : ُضوذ٣ش ثُؼ٘جفش ثُزثةذز 

 (1.5 ml of HNO3/L sample) or (3 ml 1 + HNO3 /L sample)  

 . ُقلع ثُؼ٤٘ز ُلضشر هق٤شر  ث٤ٌُٔز صٌٕٞ ًجك٤زٝٛزر 

  ٣ؾخ إعضخذثّ فجٓل ٓشًض رٝ دسؽز ٗوجٝر ػج٤ُز. 

  دسؽز ٓت٣ٞز دجُغلاؽز ُٔ٘غ ثُضـ٤ش ك٠ ثُقؾْ ٣4ضْ فلع ثُؼ٤٘جس ػ٘ذ دسؽز فشثسر  

  أؽٜش  6 ٣ٌٖٔ ث٩فضلجظ دجُؼ٤٘ز ُٔذر For mg/kg levels  - ٓجػذث ك٠ فجُز ثُضةذن

 .(For ug/kg levels) ك٤ؾخ صق٤َِ ثُؼ٤٘ز ك٠ ثُقجٍ  أعجد٤غ5ك٤ٌٖٔ فلظٜج ُٔذر 

 ٤ًل٤ز فلع ثُؼ٤٘ز ُضوو٣ٌ ػ٘ظٌ ثَُةذن :

  صقلع ثُؼ٤٘ز دئمجكز(2 ml of 20% K2Cr2O7 / L  of sample  ) (  ٓقنشر

 :( فٔل ث٤ُ٘ضش٣ي1+1ك٠ 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 14 - 

 

: إفض٤جؽجس ػجٓز 

 :  ٓظجهً صِٞط ثُؼ٤٘جس ٍ 

  أؿط٤ز _  ث٧ؿؾ٤ز ثُٔغضخذٓز ك٠ ثُضشؽ٤ـ –ث٧ٝػ٤ز ثُٔغضخذٓز ُقلع ثُؼ٤٘جس

 (Cd, Zn)ث٧ٗجد٤خ ثُذلاعض٤ٌ٤ز سدٔج صٌٕٞ ٓقذس ُِضِٞط دذؼل ثُٔؼجدٕ ٓغجٍ 

:  ٝرُي ٖٓ خلاٍ إعضخذثّ أدٝثس ٗظ٤لز:٤ًل٤ز ثصنِض ٖٓ ثُِٔٞعجس- 2

 ثُط٣ٌوز ثُٔضذؼز ُـ٤َْ ثلأهٝثس : 

o  ٕ٣ضْ ؿغ٤َ ث٧دٝثس دٔقٍِٞ ؿغ٤َ خج٠ُ ٖٓ ثُٔؼجد 

o عْ ٣ضْ ثُؾطق دجُٔجء ٣ٝ٘وغ ك٠ ثُقجٓل 

o   عْ ٣ضْ ثُؾطق دجُٔجء ثُٔوطش

  ٝؽ٣ٌوز ؿ٤َْ ثلأهٝثس ثَُؽجؽ٤ز ثُٔظ٘ٞػز ٖٓ ثًٌُٞثصَ ثTEF glass materials 

 Use (1+ 1 HNO3) , (1+1 HCl)  or  aqua regia (3 parts conc. HCl 

+ 3 conc. HNO3) 

 ؽ٣ٌوز ؿ٤َْ ثلأهٝثس ثُذلاّض٤ٌ٤ز: 

 Use 1+1 HNO3 or 1+1 HCl  

  دسؽز ٓت٣ٞز70 عجػز ػ٘ذ ٣24ضْ ٗوغ ث٧دٝثس ُٔذر .  

 

: ِٓقٞظز

  ُِضخِـ ٖٓ ثُشٝثعخ ثُؼن٣ٞز ٣ضْ ٗوغ ث٧دٝثس ك٠ فٔل ثٌُش٤ٓٝي  ٓغ ٓشثػجر

 .ػذّ إعضخذثّ فٔل ثٌُش٤ٓٝي  ٓغ ث٧دٝثس  ثُذلاعض٤ٌ٤ز

  ٣ضْ إعضخذثّ ٓجء ٓ٘ضٝػز ث٣٧ٞٗجس. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثُغـــجُظ
 

  ُِٔؼجهٕثُضق٤َِ ث٤ٔ٤ٌُجة٢ 
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ثُلظَ ثُغجُظ 

ُِٔؼجهٕ ثُضق٤َِ ث٤ٔ٤ٌُجة٢ 

Analytical Procedures for metals analysis 

 

 Preliminary treatment of samplesثُٔؼجِٓز ثلا٤ُٝز ُِؼ٤٘جس  (ث

  ٣ضْ ٓؼجِٓز ثُؼ٤٘جس ثُض٠ صقضٟٞ ػ٠ِ ؽض٣تجس ثٝ ٓٞثد ػن٣ٞز ث٠ُ ٓؼجِٓز ث٤ُٝز هذَ ثؽشثء

  ُضق٤َِ ٓؾٔٞع ثُٔؼجدٕ   spectroscopic analysisػ٤ِٔز ثُضق٤َِ ث٧عذٌضشٝعٌٞد٠  

 .(صؾَٔ ثُٔؼجدٕ ثُؼن٣ٞز ٝثُٔؼجدٕ ثُـ٤ش ػن٣ٞز ثُزثةذز ٝثُـ٤ش رثةذز)

  ٓذجؽشر دذٕٝ ٛنْ ثُؼ٤٘ز ُضوذ٣ش  (٤ٓجثر ثُؾشح)٣ضْ ه٤جط ثُؼ٤٘جس ػذ٣ٔز ثُِٕٞ ٝثُٞثمقز

 . ٓؾٔٞع ثُٔؼجدٕ دذٕٝ ٛنْ ثُؼ٤٘ز

  1 /ػ٘ذ صؾ٤ٔغ ثُؼ٤٘جس ٣ضْ ثمجكزL  ) (1.5 ml HNO3 فض٠ ٣قذـ ثُٞعو ثُقجٓن٠ 

 .  ٝف٤٘تز ٣ضْ صق٤َِ ثُؼ٤٘ز ٓذجؽشر2ثهَ ٖٓ 

   ُضوو٣ٌ ثُٔؼجهٕ ثُيثةذزdissolved metals ):) 

 . ٣ضْ صشؽ٤ـ ثُؼ٤٘ز عْ ٣نجف ثُقٔل ث٠ُ ثُشثؽـ ٣ٝضْ فلظز دجُغلاؽز ث٠ُ ثٕ ٣ضْ صق٤ِِز

  ُضوو٣ٌ ثُٔؼجهٕ ثُـ٤ٌ ىثةذز( : (suspended metals 

 .  ٣ضْ صشؽ٤ـ ثُؼ٤٘ز عْ ٣ضْ ٛنْ ٝسهز ثُضشؽ٤ـ ٝثُٔجدر ثُؼجُوز دٜج

     ُضوو٣ٌ ثُٔؼجهٕ ثُض٠ ٣ٌٖٔ ثّضنلاطٜج دجُقٔغ(acid- extractable 

metals :) 

 ٣ضْ ثعضخلاؿ ثُٔؼجدٕ ٣ضْ صق٤َِ ثُشثؽـ

    ٓؼج ِٓز ثُٔؼجهٕ ثُض٠ ٣ٌٖٔ ثّضنلاطٜج دجُقجٓغ(Treatment for acid – 

extractable metals) 

 . ٠ِِٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ٌَُ ُضش ٖٓ ثُؼ٤٘ز ػ٘ذ ؽٔغ ثُؼ٤٘ز٣5ضْ ثمجكز 
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 صقؼ٤ٌ ثُؼ٤٘ز:  

  َ1 ٠ِِ٤ٓ 5 ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ث٠ُ ًؤط أٝ دٝسم عْ  ٣نجف 100 ٣٘و +

 . ٖٓ فٔل ث٤ُٜذسًِٝٞس٣ي ثُٔشًض ػج٠ُ ثُ٘وجٝر1

  ده٤وز ك٠ فٔجّ ٓجة٣15٠ضْ ثُضغخ٤ٖ ُٔذر . 

  ٣شؽـ ثُٔقٍِٞ دٞثعطز ػؾجء صشؽ٤ـ(45 µm.) 

  ٠ِِ٤ٓ ٣100ضْ ٗوَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ ثخش عْ ٣ٌَٔ ثُقؾْ ث٠ُ 

 .دجُْء ثُخج٠ُ ٖٓ ثُٔؼجدٕ

 ٠ِِ٤ٓ كجٗز ٣ضْ صوذ٣ش ثُقؾْ ث٠ُ 100ثرث ًجٕ فؾْ ثُؼ٤٘ز أًذش ٖٓ : ِٓقٞظز 

  عْ ٣ضْ صق٤َِ ثُؼ٤٘ز ٣ٝضْ صقق٤ـ ه٤جط ثُضش٤ًض  ml / weight 0.1ثهشح

 (.100\ثُقؾْ ثُٜ٘جة٠ )ثُٜ٘جة٠ دجُنشح ك٠ ٓؼجَٓ ثُضخل٤ق 
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 Digestion of metalsٛؼْ ثُٔؼجهٕ   (ح

  َ٣ؾخ ثخض٤جس هش٣وز ٛنْ  ٓ٘جعذز ُِضو٤َِ ٖٓ ثُضذثخinterferences))  ٖٓ ثُ٘جصؼ

ٝؽٞد ثُٔٞثد ثُؼن٣ٞز ُٝضق٣َٞ ثُٔؼجدٕ ثُٔشصذطز دجُؾض٣تجس ُض٣ٌٖٞ ؽٌلا ٖٓ ثؽٌجٍ 

 ثُض٠ ٣ٌٖٔ ه٤جعٜج دؾٜجص ثلآضقجؿ ثُزسٟ  free metal)ػجدر ثُٔؼذٕ ثُقش   )ثُٔؼذٕ 

 .ICPثٝ ؽٜجص 

 

 :  Selection of acidsإمض٤جً ثلأفٔجع - 1

   ٣غضخذّ فجٓل ث٤ُ٘ضش٣ي ك٠ ٛنْ ٓؼظْ ثُؼ٤٘جس ٝرُي ٌُٕٞ ث٤ُ٘ضشثسmatrix ْٓلاة 

 .MS   ICP –ُِقوٖ ػ٠ِ أؽٜضر ثلآضقجؿ ثُزسٟ ٝ ثؽٜضر 

  صقضجػ دؼل ثُؼ٤٘جس ث٠ُ إمجكز ثفٔجك أخشٟ ٩صٔجّ ػ٤ِٔز ثُٜنْ ٓغَ ثفٔجك

(H2SO4- HCl- HF- HClO4)   صِي ث٧فٔجك سدٔج صقذط صذثخلاس ٌُٖٝ

interferences ػ٘ذ صق٤َِ دؼل ثُؼ٘جفش ف٤ظ ثٜٗج صؼذ (poorer matrix) 

 .MS   ICP –ُِضق٤َِ ػ٠ِ  أؽٜضر ثلآضقجؿ ثُزسٟ ٝ ثؽٜضر 

   ٣غضخذّ فٔل ث٤ُ٘ضش٣ي ػجدر دٔلشدر ك٠ ػ٤ِٔز ثُٜنْ ُٜنْ ثُؼ٤٘جس عِٜز ث٧ًغذر 

ثٝ ٣ضْ إمجكز  فٔل ثٌُذش٣ض٤ي ثٝ فٔل ث٤ُٜذسًِٝٞس٣ي ث٠ُ فٔل ث٤ُ٘ضش٣ي ػ٘ذ 

  ٝ readily oxidizable organic matterٛنْ ثُٔٞثد ثُؼن٣ٞز ثُوجدِز ٨ًُغذر 

د٤٘ٔج ٣ضْ ثمجكز فجٓل ثُذ٤شًِٞس٣ي  أٝ ث٤ُٜذسٝكِٞس٣ي ث٠ُ فٔل ث٤ُ٘ضش٣ي ػ٘ذ 

 .ٛنْ ثُٔٞثد ثُؼن٣ٞز فؼذز ث٧ًغذر ثٝ ثُٔؼجدٕ ثُض٠ صقضٟٞ ػ٠ِ ع٤ٌِجس
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  Digestion proceduresؽٌم ثُٜؼْ  - 2

  ٖثُٜؼْ دئّضنوثّ ثُْٔطـ ثُْجم Hot plate techniques  

  ثُٜؼْ دئّضنوثّ ث٣ٌٌٝٝ٤ُٔقClosed vessel procedure) ) 

  ثىث ًجٕ ثُقؾْ ثُٔٞط٠ دأمير ٖٓ ثُؼ٤٘ز أًذٌ ٖٓ ّؼز ثُوًٝم ثُْٔضنوّ ك٠ ٛؼْ ثُؼ٤٘ز

 .ك٤ؾخ صذن٤ٌ ثُؼ٤ضز 

  ْكئٗز ٣ضْ صوو٣ٌ ٓؼوٍ  ( 100٠ِِٓأًذٌ ٖٓ  )إىث صْ ص٤ًٌَ ثُؼ٤٘ز ثع٘جء ػ٤ِٔز ثُٜؼ

 . ٣ضْ ٛؼٔز ٝىُي ُِضقون ٖٓ طقز ثُط٣ٌوز matixثلإّضٌؽجع ٌَُ 

  ًِٔج إصدثد فؾْ ثُؼ٤٘ز ًِٔج إصدثد س ٤ًٔز ثُقٔل ثُٔغضخذّ : ِٓقٞظز

  impurities ٓٔج ٣ؤدٟ ث٠ُ ص٣جدر ثُؾٞثةخ 

Sample volume (ml) 

 فؾْ ثُؼ٤٘ز*

Estimated metal concentration 

(mg/L)ٌص٤ًٌَ ثُؼ٘ظ  

1000 < 0.1 

100 0.1- 10 

10 10- 1000 

 *For flame atomic absorption spectrometry 

 metal concentration (ٌص٤ًٌَ ثُؼ٘ظ) =A* B/C 

A= concentration of metal in digested soln (mg/kg) ص٤ًٌَ ثُؼ٤٘ز ك٠ ثُٔقٍِٞ 

 ثُٜٔؼّٞ 

 B = final volume of digested solution, ml, and  ّٞثُقؾْ ثُٜ٘جة٠ ُِٔقٍِٞ ثُٜٔؼ 

 C= sample size, ml  فؾْ ثُؼ٤٘ز 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 19 - 

 

Standard Method 3030 E 

(    Nitric acid digestionثُٜؼْ دئّضنوثّ فجٓغ ث٤ُ٘ض٣ٌي ) .1

Digestion for flame atomic absorption and high – level 

concentrations 

 ثُضوو٣ٌ دئّضنوثّ ؽٜجٍ ثلأٓضظجص ثُيًٟ ثَُٔٝه دٞفور ثُِٜخ ُضوو٣ٌ ثُض٤ًٌَثس ثُؼج٤ُز 

 ثلأؽَٜر ثُْٔضنوٓزApparatus : 

  ٖٓغطـ عجخHot plate   

  ٠ِِ٤ٓ  150 ٠ِِ٤ٓ أٝ ًجط ؽش٣ل٤ٖ عؼز 125دٝسم ٓخشٝه٠ عؼز 

 150 ml conical flasks (erelenmeyer)  125 ml or Griffin  

beakers 

٣ضْ ؿغِٜج دجُقجٓل عْ صؾطق دجُٔجء ثُٔ٘ضٝػز ث٣٧ٞٗجس 

  100٠ِِ٤ٓدٝسم ٓؼ٤جسٟ عؼز . 

  صؽجؽجس عجػزwatch glasses, ribbed and unribbed  

         Reagent  :ثٌُٞثشق

   فجٓل ث٤ُ٘ضش٣ي ثُٔشًض رٝ دسؽز ٗوجٝر ػج٤ُز  (analytical grade or trace 

metals grade)    

: ثُط٣ٌوز

  َ5ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف  (ثُٔؼجِٓز دجُقجٓل ) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ٣100٘و 

 .٠ِِ٤ٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض

  ٣ضْ ٝمغ سهجةن ثُـ٤ِجٕ ثٝ خشص صؽجؽ٠ ٤ُغجػذ ػ٠ِ ثُـ٤ِجٕ ٝصنذو دسؽز

 .ثُقشثسر

  ٌٖٔٓ ْ( 20٠ِِ٤ٓ ث٠ُ 10ث٠ُ فٞث٠ُ ٖٓ  )٣ضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ ثهَ فؾ.  
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  ٕ٣ٌٖٔ إمجكز ٤ًٔز أخشٟ ٖٓ  فجٓل ث٤ُ٘ضش٣ي ثُٔشًض لاصٔجّ ٛنْ ثُؼ٤٘ز ث٠ُ ث 

 .٣قذـ ٓقٍِٞ ثُؼ٤٘ز كجصـ ثُِٕٞ ٝؽلجف

 ٣ضْ ؽطق ؽذسثٕ ثُذٝسم ٝصؽجؽز ثُغجػز دجُٔجء ثُٔوطش ٝصشؽـ ثُؼ٤٘ز إرث ُضّ رُي. 

  ٠ِِ٤ٓ ٖٓ ثُٔجء 5 ٠ِِ٤ٓ ػ٠ِ ٓشص٤ٖ ح ٣100٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز 

 .ثُٔوطش

 ٣ضشى ثُٔقٍِٞ ٤ُذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث. 
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2. Determination for trace – level (<0.1 mg/l) concentrations for 

ICP and ICP-MS 

 

  ثلأؽَٜر ثُْٔضنوٓز :Apparatus  

  ّنجٕ ًٌٜد٠ َٓٝه دٞفور صقٌْ ك٠ هًؽز ثُقٌثًرBlock heater, dry, 

with temperature control 

  صـَْ دجُقجٓغ عْ صشطق دجُٔجء  )ثٗجد٤خ ٖٓ ثُذ٠ُٞ دٌٝد٤ِ٤ٖ ٓوًؽز

 (ثُٔوطٌ

Polypropylene tubes, graduated, rounded, round- bottom tubes with 

caps 17x100 mm. 

 Pipetters, assorted sizes or adjustable  

 Pipette tips 

 Centrifuge            ٟؽٜجص ثُطشد ثُٔشًض 

 

       Reagent  :ثٌُٞثشق

  فجٓل ث٤ُ٘ضش٣ي( double distilled.) 
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:  ثُط٣ٌوز

  ٟ2ص٘وغ ث٧ٗجد٤خ ك٠ ٓقٍِٞ ػ٤جس N HNO3ّ٤ُلا أٝ ُؼذر أ٣ج  . 

 عْ صؾطق دجُٔجء ثُٔوطش ٝ ٣لنَ ثٕ صضشى ُضؾق  عْ صقلع ك٠ ث٤ًجط دلاعض٤ٌ٤ز. 

  َ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ث٠ُ ثلاٗذٞدز ٣ٝنجف٣10٘و  HNO3  5 ml of  ٝ1  ث ml 1 + 1 

ml HNO3) ) 

. ث٠ُ ًلا ٖٓ ثُؼ٤٘جس ٝثُذلاى ٝ ثُٔقج٤َُ ثُو٤جع٤ز ًٝزُي ػ٤٘جس ٓشثهذز ثُؾٞدر

 ٝصنذو دسؽز ثُقشثسر ػ٘ذ دسؽز فشثسر ٣block heaterضْ ٝمغ ث٧ٗجد٤خ ك٠ ثُغخجٕ 

.  ّ ٓغ ٝمغ ثُغذثدثس ٓغ ػذّ إفٌجّ ثُـِن 105˚

 ٖ٣ضْ ٛنْ ثُؼ٤٘جس ُٔذر عجػض٤. 

  ٕ٣ٌٖٔ إمجكز ٤ًٔز أخشٟ ٖٓ  فجٓل ث٤ُ٘ضش٣ي ثُٔشًض لاصٔجّ ٛنْ ثُؼ٤٘ز ث٠ُ ث

. ٣قذـ ٓقٍِٞ ثُؼ٤٘ز كجصـ ثُِٕٞ ٝؽلجف

 ٣ضشى ثلاٗجد٤خ ُضذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث. 

 ِٓقٞظز: 

  إرث ًجٗش ث٧ٗجد٤خ صقضٟٞ ػ٠ِ ؽضة٤جس كئٗز ٣غضخذّ ؽٜجص ثُطشد

 .ثُٔشًضٟ ُلقَ ثُشٝثعخ ٣ٝضْ ٗوَ ثُشثؽـ  ث٠ُ ثٗذٞدز أخشٟ

  دسؽز ٓت٣ٞز ٣4ؾخ إفٌجّ ثُغذثدر ٣ٝضْ فلظٜج ػ٘ذ دسؽز فشثسر

 .ث٠ُ ثٕ ٣ضْ صق٤َِ ثُؼ٤٘ز
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Standard Method (3030 F) 

Nitric acid hydrochloric acid digestion 3   ثُٜؼْ دئّضنوثّ فجٓغ ث٤ُ٘ض٣ٌي ٝثُٜو٣ًًًِٞٝي  

  ثلأؽَٜر ثُْٔضنوٓز :Apparatus : 

  فٔجّ ٓجة٠

       Reagent  :ثٌُٞثشق

 فجٓغ ث٤ُ٘ض٣ٌي ثًٌَُٔ ىٝ هًؽز ٗوجٝر ػج٤ُز. 

  (.1+1)فجٓغ ث٤ُٜو٣ًًًِٞٝي 

 (.1+1)فجٓغ ث٤ُ٘ض٣ٌي 
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 :    ثُط٣ٌوز

  ( Total HNO3/ HCl  ِ A             فٔغ ث٤ُٜو٣ًًًِٞٝي- فٔغ ث٤ُ٘ض٣ٌي (ث

  َ3ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف  (ثُٔؼجِٓز دجُقجٓل ) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ٣100٘و 

 .٠ِِ٤ٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض ٝصـط٠ دضؽجؽز ثُغجػز

  ٖٓ َ٠ِِ٤ٓ ٣5ٞمغ ثُذٝسم ػ٠ِ ثُٔغطـ ثُغجخٖ ٣ٝضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ ثه  

  ْصذشد ثُؼ٤٘ز ٝصؾطق ؽذسثٕ ثُذٝسم ٝصؽجؽز ثُغجػز دؤهَ ٤ًٔز ٖٓ ثُٔجء ثُٔوطش ع

 ٠ِِ٤ٓ ٖٓ فٔل ث٤ُ٘ضش٣ي ثُٔشًض عْ ٣ـط٠ ثُذٝسم دضؽجؽز ثُغجػز٣ٝ٘وَ ٣5نجف 

 .ٗشر أخشٟ ث٠ُ ثُٔغطـ ثُغجخٖ ٝ صشكغ دسؽز ثُقشثسر

 ْصغضٔش ػ٤ِٔز ثُضغخ٤ٖ ٣ٌٖٝٔ إمجكز ٤ًٔز ٖٓ ثُقجٓل ٩صٔجّ ػ٤ِٔز ثُٜن. 

  1 +1 ٠ِِ٤ٓ ٖٓ ٣10ضْ إمجكز HCl ))  ٝ15 ٌَُ 100 ٠ِِ٤ٓ ٖٓ ثُٔجء ثُٔوطش 

 .٠ِِ٤ٓ ٖٓ ثُقؾْ ثُٜ٘جة٠ ثُٔضٞهغ

  ٍ ٖده٤وز أخشٟ ٩رثدز ثٟ سٝثعخ 15ٝصغضٔش ػ٤ِٔز ثُضغخ٤ . 

  ٠ِِ٤ٓ ٝ ٣ٌَٔ ث٠ُ ٣100شؽـ ثُٔقٍِٞ ٝ ٣٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز 

 .ثُؼلآز دجُٔجء ثُٔوطش
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B) Recoverable HNO3/ HCl: 

  َ2 .ث٠ُ هجسٝسر  ثٝ ًؤط (ثُٔؼجِٓز دجُقجٓل ) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ٣100٘و ml of 

(1+1 HNO3) ٝ 10 ml of (1+1 HCl)ٝصـط٠ دضؽجؽز ثُغجػز . 

  ٣ضْ ثُضغخ٤ٖ دٞثعطز ثُٔغطـ ثُغجخٖ ثٝ دجُقٔجّ ثُٔجة٠ فض٠ ٣خضضٍ فؾْ ثُؼ٤٘ز ث٠ُ

25 ٠ِِٓ . 

 ص٘وَ ثُؼ٤٘ز ٤ًٔج ث٠ُ دٝسم ٓؼ٤جسٟ عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث. 

 

   فٔغ ثٌُذ٣ٌض٤ي–ؽ٣ٌوز ثُٜؼْ دئّضنوثّ فٔغ ث٤ُ٘ض٣ٌي  (ػ

Standard Method 3030 G 

Nitric acid – Sulfuric acid digestion G)  

 : ُط٣ٌوزث

  َ5ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف  (ثُٔؼجِٓز دجُقجٓل ) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز ٣100٘و 

 .٠ِِ٤ٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض ٝصـط٠ دضؽجؽز ثُغجػز

  ٠ِِ٤ٓ عْ 20-٠ِِ٤ٓ ٣15ٞمغ ثُذٝسم ػ٠ِ ثُٔغطـ ثُغجخٖ ٣ٝضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ  

 .صضشى ُضذشد

  ٠ِِ٤ٓ ٖٓ فجٓل ثٌُذش٣ض٤ي 10 ٠ِِ٤ٓ ٖٓ فجٓل  ث٤ُ٘ضش٣ي ثُٔشًض ٝ 5عْ ٣نجف 

 :ثُٔشًض

  ٣ضْ صذخ٤ش ثُؼ٤٘ز فض٠ صضقجػذ ث٧دخشر ثُذ٤نجءSO3. 

  ٠ِِ٤ٓ ٖٓ فٔل ث٤ُ٘ضش٣ي لارثدز ثُشٝثعخ٣10ضْ إمجكز . 

  ٣ؾخ ثُخِـ ٖٓ فٔل ثُض٤ضش٣ي صٜجة٤ج  دٞثعطز ثُضغخ٤ٖ ثُٔضٔش فض٠ ٣قذـ

 .ثُٔقٍِٞ سثةن ٝخج٤ُج ٖٓ ث٧دخشر ثُذ٤٘ز

  ٠ِِٓ 50صذشد ثُؼ٤٘ز ٝدٌَٔ ثُقؾْ ث٠ُ  
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  ٣غخٖ ثُٔقٍِٞ ث٠ُ دسؽز ثُـ٤ِجٕ لارثدز ثلآلاؿ دط٤تز ثُزٝدجٕ ٣ضْ صشؽ٤ـ ثُؼ٤٘ز ثرث

 .ُضّ ثلآش

  ٠ِِ٤ٓ ٖٓ ثُٔجء 5 ٠ِِ٤ٓ ػ٠ِ ٓشص٤ٖ ح ٣100٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز 

 .ثُٔوطش

 ٣ضشى ثُٔقٍِٞ ٤ُذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثٌُثدغ
 

 أؽَٜر ثُو٤جُ ثُٔنضِلز
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 ثُلظَ ثٌُثدغ

 أؽَٜٙ ه٤جُ ثُٔؼجهٕ

 

ؽٜجٍ ثلإٓضظجص ثُيًٟ- 1  

:ٓووٓز  

Analytical method for determination of elements.    هش٣وز ُضق٤َِ ثُؼ٘جفش 

It bases on the ability of free atoms to absorb electromagnetic 

irradiation.       ٓذ٠٘ ػ٠ِ هذسر ثُزسثس ثُقشر ٩ٓضقجؿ  ث٩ؽؼجع ثٌُٜشٝٓـ٘جه٤غ٠     

The sample solution is to be atomized.                      ٣ضلضش ٓقٍِٞ ثُؼ٤٘ز 

The atoms of the element to be determined are excited with light and 

heat                                   صضْ إعجسر رسثس ثُؼ٘قش ثُٔشثد صوذ٣شر دجُنٞء ٝثُقشثسر 

 

The light absorption occurred in the sample (solution) is measured. 

.٣ضْ ه٤جط ٤ًٔز ثُنٞء ثُٔٔضقز ك٠ ٓقٍِٞ ثُؼ٤٘ز  

The absorption spectra of atoms are so called line spectra (the 

irradiation energy appears as very narrow lines). 

 (صظٜش هجهز ث٩ؽؼجع ًخطٞه م٤وز ؽذث )صؼشف ه٤ق ث٩ٓضقجؿ ُِزسثس ثُط٤ق ثُخط٠ 

The wavelengths used in AAS are the near-UV and the visible areas of 

spectra:  about 190 nm —» 800 nm. 

  صٌٕٞ ثلاه٤جف ثُٔغضخذٓز ك٠ ؽٜجص ث٩ٓضقجؿ ثُزسٟ  هش٣ذز ٖٓ ٓ٘طوز ثلاؽؼز

 . ٗج٤ٓٞٗضش800 ٗج٤ٓٞٗضش ث٠ُ 190فٞث٠ُ :  ثُٔ٘طوز ثُٔشة٤ز كٞم ثُذ٘لغؾ٤ز ٝ
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 Atoms and ions can absorb only light which has a certain 

frequency.  

 ٖصغط٤غ ث٣٧ٞٗجس ٝثُزسثس إٓضقجؿ ثُنٞء ثُزٟ ُز صشدد ٓؼ٤. 

 It is, they absorb light quantum of certain size, which is 

specific to the atom. 

  صغضط٤غ ث٣٧ٞٗجس ٝثُزسثس إٓضقجؿ ًْ ٖٓ ثُنٞء ُز فؾْ ٓؼ٤ٖ ٣ٌٕٞ ٓقذدر

 .ٌَُ رسر

 That's why the light source used in the measurements is the 

emission source of the element to be determined. 

  ُزث ٣ٌٕٞ ثُٔذس ثُنٞة٠ ثُٔغضخذّ ك٠ ثُو٤جعجس ٓقذس ثٗذؼجط ُِؼ٘قش ثُٔشثد

 .صوذ٣شر

 AAS-apparatus measures the amount of absorption and this is 

directly proportional to the free atoms which are in way of the light 

beam. 

  ٣و٤ظ ؽٜجص ث٩ٓضقجؿ ثُزسٟ ٤ًٔز ثلآضقجؿ ٝثُض٠ صض٘جعخ هشد٣ج ٓغ ثُزسثس 

 .ثُقشر ثُض٠ صٌٕٞ ك٠ ٓغجس ثُؾؼجع ثُنٞة٠

 By comparing the absorbance of the unknown sample solution to 

the absorbance's obtained with standard solutions (using the same 

conditions) you can get the metal concentration of the sample 

solution. 

  َدٔوجسٗز ثلآضقجؿ ُٔقٍِٞ ػ٤٘ز ؿ٤شٓؼِٞٓز ُلآضقجؿ  ثُ٘جصؼ دٞثعطز ثُٔقج٤ُ

 .٣ٌٖٔ ثُققٍٞ ػ٠ِ صش٤ًض ثُؼ٘قش ك٠ ٓقٍِٞ ثُؼ٤٘ز,  (صقش ٗلظ ثُظشٝف)ثُوجع٤ز 
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Different AAS- techniques used:  

A. Flame technique  :                                               ثُِٜخصو٤٘ز  

 It converts the sample solution into an atomic vapour and then 

thermally elevates the atoms to an excited state. 

  صضقٍٞ ٓقٍِٞ ثُؼ٤٘ز ث٠ُ دخجس رسٟ  ٝف٤٘تز ص٘وَ ثُزسثس دض٣جدر دسؽز ثُقشثسر ث٠ُ فجُز

ث٩عجسر 

  These atoms return to the ground state they emit light, which 

detected by the instruments 

  ْػ٘ذٓج صؼٞد ٛزر ثُزسثس صؼٞد ٓشر ثخشٟ ث٠ُ فجُز ث٩عضوشثس كئٜٗج صذؼظ مٞء ، ٣ض

. صوذ٣شر دٞثعطز ثُؾٜجص

 The intensity of light is related to the concentration of the elements 

in the solution. 

 ٍِٞٛ٘جى ػلاهز د٤ٖ ؽذر ثُنٞء ٝصش٤ًض ثُؼ٘قش ك٠ ثُٔق. 

 background corrector (D2-lamp) may be used if e.g. the flame has a 

very intensive colour 

 .ُٕٞ ثُِٜخًغجكٚ  ثرث ُٞفع  (D2-lamp)سدٔج ٣ضْ ثعضخذثّ ٓققـ ثُخِل٤ز 

  The measurements must be done within the linear scale. 

 ٣ؾخ ثٕ صٌٕٞ ثُو٤جعجس ٝثهؼز ك٠ ثُ٘طجم ثُخط٠. 

  ٍ  ٍStandards must be in the same solvent as the sample solutions. 

   ٣ؾخ ثٕ ٣ٌٕٞ ًلا ٖٓ  ثُٔقج٤َُ ثُو٤جع٤ز ٓقٍِٞ ثُؼ٤٘ز ٓقنشر ك٠ ٗلظ ثُٔز٣خ 

  you may choose different wavelength (owing different sensitivity) 

according to the concentration of the sample 
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  صذؼج ُضش٤ًض  (صغذخ فغجع٤ز ٓخضِلز)٣ٌٖٔ ٣ضْ ه٤جط ثُؼ٤٘ز ػ٘ذ ثهٞثٍ ٓٞؽ٤ز ٓخضِلز

 .ثُؼ٤٘ز

 Air-acelylene flame about 2200 °C, suitable for most elements 

 Nitrous oxide ( N2O-acetylene flame about 2600 °C, used for 

difficult atomizing elements like Sn, Al, Ba 

 

B. Non flame techniques:   ؿ٤ٌ ُٜخ                                              ر صو٢٘

 

a. Graphite furnace technique صو٤٘ز  كٌٕ ثُؾٌثك٤ش:   

 About 100 times as sensitive as flame technique but 

leads to risk of contamination. 

  ٛ٘جى ثفضٔج٤ُز صِٞط. ٓشر100أًذش فغجع٤ز ٖٓ صو٤٘ز ثُِٜخ ٌُٖٝ 

 Atomization with heating electrically. 

 ٟ٣ضْ ث٩ٗوغجّ ثُزسٟ دجُضغخ٤ٖ ثُقشثس.  

 The graphite cylinder is heated by the passage of an electric 

current to the temperature, which is enough to evaporate the 

solvent from the solution. 

  ٌٕٞ٣ضْ صغخ٤ٖ ثعطٞثٗز ثُؾشثك٤ش دجُضغخ٤ٖ دئٓشثس ص٤جس ًٜشد٠ ث٠ُ دسؽز فشثسر ص

 .ًجك٤ز ُضذخ٤ش ثُٔز٣خ ٖٓ ثُٔقٍِٞ

 The current is then increased so that firstly the sample is ashed 

and then it is vaporized and the metal atoms are produced. 

 ٣ضْ ص٣جدر ثُض٤جس ٠ٌُ صضقٍٞ ثُؼ٤٘ز ث٠ُ سٓجد عْ ٣ضقٍٞ ث٠ُ دخجس  عْ صضقٍٞ ث٠ُ رسثس. 

 Background correction necessary (D2 ,Zeeman). 
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  ٣ؾخ ثعضخذثّ ٓققـ ُِخِل٤ز(D2 , Zeeman) 

 Matrix modifiers and platform are used to eliminate interferences 

caused by matrices. 

  ّ٣ؾخ ثعضخذثMatrix modifiers and platform ُِونجء ػ٠ِ ثُضذثخلاس ثُ٘جصؾز 

 ٖٓmatrices  

 Use the right temperature program, it can be tested by so called 

"cross curve", it is: to change the temperature in ashing and 

atomization stage. 

  ٣ؾخ إخض٤جس دشٗجٓؼ فشثسٟ ٓ٘جعخ ٣ٌٖٝٔ ثخضذجسر دٔج ٣غ٠ٔcross curve "

 .٣ٝضنٖٔ ثُضـ٤ش ك٠ دسؽز فشثسر ٓشفِض٠ ثُضش٤ٓذ ٝٓشفِز  ثلاٗوغجّ ثُزسٟ

B. Cold vapour technique (for Hg): (َُِةذن)صو٤٘ز ثُذنجً ثُذجًه  

 Hydride generation method: 

 Elements (As, Se, Sb, Bi, Se, Te, Ge , Hg, and Pb) are difficult to 

analyze by flame AAS because it is difficult to reduce compounds 

of these elements especially those in higher oxidation state) to 

gaseous atomic state. The hydrides of arsenic, selenium, tellurium, 

antimony, bismuth and tin (and to lesser degree lead and 

germanium) are volatilized by the addition of reducing agent like 

sodium tetrahydroborate (III) to an acidified solution. Other 

systems have used titanium (III) chloride/magnesium powder and 

tin (II) chloride/potassium iodide/zinc powder as reducing agents. 

 ثُض٠ ٖٓ ثُقؼخ صق٤ِِٜج دٞثعطز ؽٜجص ثلآضقجؿ (As, Se, Sb)٣ضْ صق٤َِ ثُؼ٘جفش 

ٝخجفز ػ٘ذٓج صٌٕٞ  )ثُزسٟ ثُٔضٝد دٞفذر ثُٜخ ف٤ظ ٣قؼخ إخضضثٍ ٓشًذجس ٛزر ثُؼ٘جفش

سدٔج صضقٍٞ ٛزر ثُٔشًذجس ث٠ُ فٞسر  . ث٠ُ ثُقجُز  ثُـجص٣ز ثُزس٣ز (ك٠ فجُز ثًغذر ثػ٠ِ

 ًؼجَٓ ٓخضضٍ، ٠ٛٝ ؿ٤ش sodium borohydrideث٤ُٜذس٣ذ ثُٔضطج٣شر ٝرُي دئعضخذثّ 

ٓغضوشر ػ٘ذ دسؽجس ثُقشثسر ثُٔشصلؼز ف٤ظ ثٜٗج  ص٘قَ ث٤ُٜذس٣ذ ث٠ُ دخجس رسٟ دٞثعطز 

 .ثُقشثسر
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 Sodium tetrahydroborate (III) is the preferred method because it 

gives faster hydride formation, higher conversion efficiency, lower 

blank levels and is more simple to use. 

  ّ٣لنَ ثعضخذث(Sodium tetrahydroborate (III َلاٗز ٣ٌٕٞ ثعشع ٤ٛذس٣ذ ٝثه 

 .ٓغض٣ٞجس ُِذلاٗي ٝعَٜ ثلاعضؼٔجٍ

 The principle of the hydride generation method is shown as follows 

using selenium as an example: 

 Se
4+

 (Aq) + BH4
-
 (aq) + H

+
 → H2 Se (g) ↑ + H 2 (g)↑ + H3 BO3 

 H2Se (g) → Se (g) + H (g) 

 Mercury is reduced to the atomic form in a similar manner. 

 After the gaseous hydride is formed it is passed, together with any 

excess hydrogen gas, to the atomizer mounted in the optical path of 

the spectrometer. 

  دؼذ ص٣ٌٖٞ ث٤ُٜذس٣ذ كجٗز ٣ٔش ث٠ُ ثُذخجخزatomizer ثُٔٞؽٞدر ك٠ ثُٔغجس ثُنٞة٠ 

 .ُِغذٌضش٤ٓٝضش

 In case of As determination, the flame is required the flowing 

flames are suitable for use with the flame heated T-cell: 

Air/Acetylene, argon/hydrogen, air/ hydrogen, nitrogen/hydrogen. 

However, Nitrous oxide/acetylene and nitrous oxide/ hydrogen 

flames must never be used to heat the T- cell. 

  ٍك٠ فجُز ثُضس٤ٗخ ، ٣غضِضّ ثعضخذثّ ثُِٜخ ُضغخ٤ٖ ثT-cell , ثسؽٕٞ, ثعض٤ِ٤ٖ- ٛٞثء -

٤ًلٔج لا٣غضؼَٔ ُٜخ ؿجصثس .  ٤ٛذسٝؽ٤ٖ–٤ٗضشٝؽ٤ٖ , ٤ٛذسٝؽ٤ٖ -ٛٞثء, ٤ٛذسٝؽ٤ٖ

 T- cell ُضغخ٤ٖ  ٤ٛذسٝؽ٤ٖ  /ثلاع٤ض٤ِ٤ٖ ٝ أًغ٤ذ ث٤ُ٘ضشٝص / ثًغ٤ذ ث٤ُ٘ضشٝص
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(Lamps for AAS)ًٟثٗٞثع ثُِٔذجس ثُْٔضنوٓز ك٠ ؽٜجٍ ثلإٓضظجص ثُي 

 

 :Hollow cathode lamp (HCL)    ثٌُجعٞه ثُٔؾٞكز  ر ُٔخ

 Suitable for most elements (discharge lamp) 

 (ُٔذز ٓلشؿز )ٓ٘جعذز ُٔؼظْ ثُؼ٘جفش 

 The cathode is made about the element to be determined. 

 ثٌُجعٞد ٓق٘ٞع ٖٓ ثُؼ٘قش ثُٔشثد صوذ٣شر

 For certain elements short-lived because of the volatilizing 

(e.g. As, Se).  –ٓغَ ِ ثُغ٤ِ٘٤ّٞ ) هق٤شر ثُؼٔش ُذؼل ثُؼ٘جفش دغذخ ثُضذخ٤ش 

(ثُضس٤٤ٗخ  

 Cheapness. ٖٔسخ٤قز ثُغ  

 

Electrodeless discharge lamp (EDL): 

 Longer durability for most 

elements. 

 ثهٍٞ كضشر ُٔؼظْ ثُؼ٘جفش 

  Greater sensitivity and stability. 

 أًغش فغجع٤ز ٝثعضوشثس 

 Need their own power supply. 

 صقضجػ ث٠ُ ٓقذس ُِض٤جس خجؿ دٜج 

 Expensive.    ٌِٓلز 
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Hollow Cathode Lamps 

 Hollow cathode lamps are the most widely used radiation 

sources in the AA technique.  

 ٟٓقذس ُلاؽؼجع ثًغش ثعضخذثٓج ك٠ صو٤٘ز ثلآضقجؿ ثُزس. 

 A hollow cathode lamp consists of a glass cylinder, and an 

anode and a cathode (Figure 18). The cylindrical cathode is 

either made of the analyte element or filled with it. The diameter 

of the cathode is 3 to 5 mm.  

 ٣ضْ ف٘غ  ثٌُجعٞد ثٓج ٖٓ ثُؼ٘قش ثُٔشثد. صضٌٕٞ ٖٓ إعطٞثٗز صؽجؽ٤ز ٝ ثٗٞد ًٝجعٞد 

 .صق٤ِِز ثٝ ٠ِٔ٣ء دز

 The anode is in the form of a thick wire and usually made of 

tungsten, nickel, tantalum, or zirconium. 

 ٝ ػجدر ٓق٘ٞع ٖٓ ثُض٘ؾغض٤ٖ ، ث٤ٌَُ٘ ،  ٣ٌٕٞ ثلاٗٞد ك٠ فٞسر عِي ع٤ٔي 

 The glass tube is first evacuated and then filled with an inert gas 

(argon or neon).  

  َٓ(ثسؽٕٞ ثٝ ٤ٕٗٞ )صلشؽ ثلاٗذٞدز ثُضؽجؽ٤ز ثٝلا عْ ص٠ِٔء دـجص خج 

 The pressure of the inert gas is about 0.5 to 1.3 kPa. 

 (.(  to 1.3 kPa ٣0.5ٌٕٞ مـو ثُـجص ثُخجَٓ فٞث٠ُ ٖٓ 

Octal base plug Supports Mica shields Graded seal 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 35 - 

 

 

Connecting pins     Anode Glass envelope UV glass window 

Construction of modem hollow cathode lamp (Philips Scientific) 

Matrix modification in GFAAS: 

To find the optimal parameters in measurements: 

1) as high ashing temperature as possible 

2) as low atomization "     "   " 

 It is not always possible to use ashing temperature high enough 

       without loss (vitalization) of the element. 

  ّ٣ٌٖٔ دجعضخذثmatrix modifier ثعضخذثّ دسؽز فشثسر ػج٤ُز ُِضش٤ٓذ دذٕٝ كوذ 

 .ُِؼ٘قش (صذخ٤ش)
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 The idea in using matrix modifiers is: 

1)  The volatilization of the element to be determined decreases and 

the great  part of the matrix disappears. 

  ثٝ        matrix ٣وَِ ػ٤ِٔز صذخ٤ش ثُؼ٘قش ثُٔشثد صوذ٣شر ٝ ٣ضخِـ ٖٓ ؽضء ًذ٤ش ٖٓ 

2) The volatilization of the matrix increases and the disturbing 

compounds eliminate before the atomization of the element to be 

determined. 

matrixص٣جدر صذخ٤ش ثٍ   ٝ ٣ضْ ثُضخِـ ٖٓ ثُٔشًذجس ثُٔضذثخِز هذَ ػ٤ِٔز ثلاٗوغجّ ثُزسٟ 

.ُِؼ٘قش ثُٔشثد صوذ٣شر  

EXAMPLES 

- As volatilizes at 200 °C, Ni is added —> Ni-arsenid decomposes > 

1200 °C —> the ashing temperature may raised to 1200 °C 

- high CI-concentration in the sample solution —> disturbances in 

Pb and Cd measurements, add NH4H2P04 -> NH4Cl 
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AAS - ATOMIC ABSORPTION SPECTROMETRY (SCOPY) 

 

 Atomic absorption is a process involving the absorption by free 

atoms of an element of light at a wavelength specific to that 

element or put, i.e. a means by which the concentration of 

metals can be measures. 

 When a sample or sample solution is burned in a flame or heated 

in tube, the individual atoms of the sample are released to form a 

cloud inside the flame or tube. 

  Each atom consists of a positively charged nucleus surrounded 

by a number of electrons in rapid motion around the nucleus. 

 For each electron in each atom there is a discrete set of energy 

levels that electron can occupy.  

 The spacing of the energy levels is different for each electron in 

the atom, but for similar corresponding electrons have identical 

spacing. 

 For an unexcited atom, each electron is in the ground state. To 

excite the atom, one or more electron can be raised to the first or 

higher energy levels by absorption of energy by the atom. This 

energy can be supplied by photons or by collisions due to heat 

 Those electrons furthest from the nucleus require least energy to 

go from the ground state E0 to the first energy level E1. 

 The energy E corresponds to the energy gap between the ground 

state and the first energy level.  

E = E1 - E0 
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 The energy required for this transition can be supplied by a 

photon of light with an energy given by:  

E= h ν,  where h = Planck’s constant and ν  the frequency. 

 This corresponds to a wavelength (λ) of   (λ) = hc/E, Where c is 

the speed of light in vacuum. 

 Metallic and metalloid elements, contain so called valence 

electrons which are relatively loosely bound to the nucleus and 

which can be excited by photons of wavelengths in the optical 

range 190 – 900 nm, 

 For each atom of a metal or metalloid the energy gap is not 

found in any other element. 

 If light of sufficiency narrow wavelength rage, centered on Hc / 

E1 - E0 is sent through a cloud of various atoms, only atoms of 

one particular element will absorb photons.  

 Hence the selectively of the atomic absorption technique, atoms 

in the cloud move at high speed and collide with each other, and 

absorb over a narrow range of wavelengths. 

 The width of a typical absorption line is about 0.001nm.  

 For atomic absorption instrument purposes, an emission source 

with an emission line of the same frequency and a width of 

about 0.001 nm is normally used. 

 This requirement is satisfied by an emission spectrum of the 

element of interest, generated by hollow cathode lamp (HCL) or 

electrodeless discharge lamp (EDL). 

 That's why the light source used in the measurements is the 

emission source of the element to be determined 
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 AAS-apparatus measures the amount of absorption and this is 

directly proportional to the free atoms which are in way of the 

light beam 

 By comparing the absorbance of the unknown sample solution to 

the absorbance obtained with standard solutions (using the same 

conditions) you can get the metal concentration of the sample 

solution. 
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 There are three basic components for every AA 

spectrophotometer: 

1. Light source:  

It is designed to emit the atomic spectrum of a particular 

element. Specific lamps are selected according to the element to be 

determined. The hollow cathode lamp (HCL) or electrodes less 

lamps (EDL) are widely used. 

 

 

 

 

 

 

 

 

 

 

1) Sa

mple cell: 

 Where an atomic sample vapor is generated in the light beam 

from the source. This is usually done by introducing the sample into 

a burner system (Flame AAS) or electrically heated furnace or 

platform, aligned in the optical path of the spectrophotometer. 

http://www.chemistry.nmsu.edu/Instrumentation/AAS_HCL.html
http://www.chemistry.nmsu.edu/Instrumentation/AAS_Nebulizer.html
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3. Specific light measurement - Includes several components: 

a) A monochromator to disperse several wavelengths of lights that 

are emitted from the light source to isolate a particular line of interest, 

b) A detector to produce an electrical current that is dependent on 

the   light intensity. This electrical current is amplified and processed 

by the instrument electronics to produce a signal, which is a measure 

of the light attenuation  occurring in the sample cell and, this signal is 

further processed to generate an instrument readout in concentration 

units. 
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Different AAS- techniques : 

1) Flame technique  : 

 It converts the sample solution into an atomic vapour and 

then thermally elevates the atoms to an excited state. 

 These atoms return to the ground state they emit light, 

which detected by the instruments 

 The intensity of light is related to the concentration of the 

elements in the solution.  

 Air-acelylene flame about 2200 °C 

 Suitable for most elements 

 Nitrous oxide ( N2O-acetylene flame about 2600 °C 

 Used for difficult atomizing elements like Sn, Al, Ba  



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 44 - 

 

 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 45 - 

 

 

 

2) Non flame techniques:  

a) Graphite furnace technique: 

 Atomization with heating electrically 

 About 100 times as sensitive as flame technique  

 The graphite cylinder is heated by the passage of an 

electric current to the temperature, which is enough to 

evaporate the solvent from the solution 

 The current is then increased so that firstly the sample is 

ashed and then it is vaporized and the metal atoms are 

produced in the solution. 
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Cold vapour technique (for Hg): 

Hydride generation method: 

 This technique makes use of the property that the 

metalloid elements (i.e As, Se, Sb, Bi, Se, Te, Ge , Hg, 

and Pb)  exhibit, i.e. the formation of covalent, gaseous 

hydrides which are not very stable at high temperatures.. 

 The hydrides of arsenic, selenium, tellurium, antimony, 

bismuth and tin (and to lesser degree lead and 

germanium) are volatilized by the addition of reducing 

agent like sodium tetrahydroborate (III) to an acidified 

solution. Other systems have used titanium (III) 

chloride/magnesium powder and tin (II) 

chloride/potassium iodide/zinc powder as reducing agents. 

 Sodium tetrahydroborate (III) is the preferred method 

because it gives faster hydride formation, higher 

conversion efficiency, lower blank levels and is more 

simple to use. 

The principle of the hydride generation method is shown as 

follows using selenium as an example: 

 Se4+ (Aq) + BH4- (aq) + H+ → H2 Se (g) ↑ + H 2 (g)↑ + 

H3 BO3 

 H2Se (g) → Se (g) + H (g) 

 Mercury is reduced to the atomic form in a similar manner  

 After the gaseous hydride is formed it is passed, together 

with any excess hydrogen gas, to the atomizer mounted in 

the optical path of the spectrometer. 
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 In case of As determination, the flame is required the 

flowing flames are suitable for use with the flame heated 

T-cell: Air/Acetylene, argon/hydrogen, air/ hydrogen, 

nitrogen/hydrogen. However, Nitrous oxide/acetylene and 

nitrous oxide/ hydrogen flames must never be used to heat 

the T- cell. 

 

Graphite Furnace Atomic Absorption Spectroscopy (GF-

AAS) 

Introduction: 

 Graphite furnace atomic absorption spectroscopy (GF-

AAS) is a powerful technique suitable for trace analysis.  

 The technique has high sensitivity. 

 The ability to handle micro samples (5-100 ml) and a low 

noise level from the furnace.  

 Matrix effects from components in the sample other than 

the analyte are more severe in this technique compared to 

flame-AAS.  

 The precision is typically (5-10) % using GF-AAS  

Principles: 

 A graphite tube is located in the sample compartment of 

an AA spectrometer with the light from an external light 

source passing through it.  

 A small volume of sample is placed inside the tube, which 

then is heated by applying a voltage across its ends.  
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 The analyte is dissociated from its chemical bonds and the 

fraction of analyte atoms in the ground state will absorb 

portions of light.  

 The attenuation of the light beam is measured.   

 As the analyte atoms are created and diffuse out of the 

tube, the absorption raises and falls in a peak-shaped 

signal.  

 Beer-Lamberts law describes the relation between the 

measured attenuation and concentration of analyte.  
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GRAPHITE TUBES (FURNACES) TYPES 

I. Standard tube = normal graphite. 

II. pyrolytically coated tube: 

 The sample disperses (scatters) more even 

 The formation of carbides decreases 

 The service life increases 

 The atomic vapor doesn't go through the walls of tube. 

III.  Tube with platform: (L'vov's platform) 

 Temperature more stable 

 The speed of heating is great (for platform) 

 It is usable for easily volatilizing elements 

Things which effect to the service life of tube 

 temperatures 

 atomization time 

 matrix quality (acids, solids) 

 physico-chemical characters of matrix  
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MATRIC MODIFICATION IN GFAAS 

 To find the optimal parameters in measurements: 

- as high ashing temperature as possible 

- as low atomization "     "   " 

- It is not always possible to use ashing temperature high 

enough 

- Without loss (volatilation) of the element 

 The idea in using matrix modifiers is: 

- The volatilization of the element to be determined 

decreases and 

- The great part of the matrix disappears or 

- The vitalization of the matrix increases and the 

disturbing^ 

- Compounds eliminate before the atomization of the 

element to be determined 

EXAMPLES: 

 As volatilizes at 200 °C, Ni is added —> Ni-arsenid 

decomposes > 

 1200 °C —> the ashing temperature may raised to 1200 

°C 

 high CI-concentration in the sample solution —> 

disturbances in 

 Pb and Cd measurements, add NH4H2P04 -> NH4Cl 
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Interferences: 

1. Spectral interference: 

a) Background absorption: 

 The narrow bandwidth of hollow cathode lamps make 

spectral overlap rare. That is, it is unlikely that an 

absorption line from one element will overlap with 

another.  

 Molecular emission is much broader, so it is more likely 

that some molecular absorption band will overlap with an 

atomic line. This can result in artificially high absorption 

and an improperly high calculation for the concentration 

in the solution.  

 Background absorption is non-specific attenuation of 

radiation at the analyte wavelength caused by matrix 

components. 

 Enhanced matrix removal due to matrix modification may 

reduce background absorption. 

 To compensate for background absorption, correction 

techniques such as continuous light source (D2-lamp), 

Zeeman or Smith-Hieftje should be used. 

http://en.wikipedia.org/wiki/Molecular_emission
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Three methods are typically used to correct for this: 

a) 1. Zeeman correction :  

A magnetic field is used to split the atomic line into two 

sidebands . These sidebands are close enough to the original 

wavelength to still overlap with molecular bands, but are far 

enough not to overlap with the atomic bands. The absorption in 

the presence and absence of a magnetic field can be compared, 

the difference being the atomic absorption of interest.  

b) Smith-Hieftje correction : 

The hollow cathode lamp is pulsed with high current, causing 

a larger atom population and self-absorption during the pulses. 

This self-absorption causes a broadening of the line and a 

reduction of the line intensity at the original wavelength.  

c) Deuterium lamp correction :  

 In this case, a separate source a deuterium lamp with broad 

emission is used to measure the background emission.  

 The use of a separate lamp makes this method the least 

accurate, but its relative simplicity  

 The fact that it is the oldest of the three, makes it the most 

commonly used method 

2. Non-spectral interference (Matrix effect): 

 Non-spectral interference arises when components of the 

sample matrix alter the vaporization behaviour of the 

particles that contains the analyte. 
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  To compensate for this kind of interference, method of 

standard addition can be used.  

 Enhanced matrix removal by matrix modification or the use 

of a L´vov platform may also lead to a reduction of non-

spectral interferences.  
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Instrumentation: 

a) Atomic absorption spectrophotometer single- or double-beam 

instrument having a grating monochromator, photomultiplier 

detector, adjustable slits, equipment for flameless 

atomization (graphite furnace) and a suitable recorder or PC. 

b)  The wavelength range must be 190-800 nm.  

c) Hollow cathode lamps for As, Cu, Cr, Ni, Pb and Zn. Single-

element lamps are preferred, but multi-element lamps may be 

used if no spectral interference can occur. Electrodeless 

discharge lamps may be used if available. 

d) Pyrolytically coated graphite tubes. 

Setting up a temperature programme: 

a)  A temperature programme consists most commonly of 

four steps: Drying, pyrolysis, atomization and cleaning.  
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b) Drying step:  

i. A quick ramp (5 s) to 15oC below the boiling point 

of the solvent. Then a slow ramp (25 s) to reach a 

temperature just above the solvents boiling point. 

ii. This provides a gentle evaporation without 

sputtering.  

iii. Hold the furnace at the selected temperature until 

drying is complete (5- 10 s).  

iv. The drying time will vary with sample volume and 

salt content.  

v. A purge gas flow of 250-300 ml min-1 is normally 

used. 

Pyrolysis step:  

i. A pyrolysis curve should be made to find the 

appropriate temperature to use in this step without 

losing any analyte.  

ii. Consult the instrument manual for the procedure of 

making a pyrolysis curve. 

iii.  In a pyrolysis step a typical ramp will vary between 

20-50 oC/s.  

iv. Too steep ramp may cause sputtering. A purge gas 

flow of 250-300 ml min-1 is normally used. 

c) Atomization step:  

i. An atomization curve should be made to find the 

appropriate temperature to use in this step. 
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ii.  Consult the instrument manual for the procedure of 

making an atomization curve.  

iii. The lowest temperature that still gives maximum 

signal should be used in order to extend the lifetime 

of the graphite tube.  

iv. Zero ramp time is used in this step. Gas stop during 

atomization is recommended.  

d) Cleaning step:  

i. A tube cleaning cycle after the analyte measurement 

should be done to remove any remains of sample and 

thereby avoid memory effects.  

ii. A purge gas flow of 250-300 ml min-1 is normally 

used. 
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Instrument performance: 

a) The characteristic mass (sometimes called sensitivity) is 

defined as: The absolute mass of an element that will 

absorb 1% of the incoming radiation. This equals a signal 

of 0.0044 absorbance units (AU). 

b)  The characteristic mass may be used as an indicator of 

instrument optimization.  

c) Values of the characteristic masses are most often given in 

the instrument documentation.  

d) Experimental values for comparison can be determined by 

measuring the absorbance signal (area) of a known mass 

of analyte and calculate using the following formula: 

mo = Vs * Cs*0.0044 AU /  observed peak area 

mo: Characteristic mass (ng) 

Vs: Standard volume injected (ml) 

Cs : Standard concentration (ng ml-1)  
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Chemical modifiers: 

a. In order to achieve better separation between 

analyte and matrix prior to atomization, a chemical 

modifier can be used.  

b. The role of the modifier is most often to stabilise 

the analyte making higher temperatures in the 

pyrolysis step possible without any loss of analyte.  

c. The concentration level of most modifier mixtures 

is usually in the ppm level.  

d. The injection volume most often is in the 5-20 µl 

region.  

e. The modifier mixture should be injected and dried 

prior to sample injection.  
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Table 4.17.6: Proposed instrument parameters. 

 l, 

nm 

slit Drying 

temp 

Pyrolysis 

temp 

Atomization 

temp 

Chemical 

modifier 

Pyrolysis 

temp. 

Atomization 

temp. 

As 193.7 0.7 120 500 2300 Pd(NO3)2
+ 

Mg(NO3)2 

1300 2300 

Cd 228.8 0.7 120 350 1800    

Cr 357.9 0.7 120 1350 2660 Mg(NO3)2 1650 2500 

Cu 324.7 0.7 120 900 2600    

Pb 217.0 0.7 120 550 2000 (NH4)3PO4 

or 

La(NO3)2 

700 1800 

Ni 232.0 0.2 120 1200 2600    

Zn 213.9 0.7 120 350 1800 Mg(NO3)2 700 1800 

Sequence of analysis 

a) Start the analysis with an ―empty tube‖ run.  

b) If a significant signal is obtained, a cleaning step (2650oC, 2-

3 s) should be run repetitively to remove the remains in the 

tube. 

c) If this is not sufficient, the graphite tube should be replaced.  

d) The chemical modifier solution (if used) should be checked 

for contamination in a separate run.  

e) The blank solution should be analysed to establish a blank 

level.  
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f) In addition to the blank standard, at least 3 standards should 

be selected to cover the linear range.  

g) Repeat the analysis until good agreement between replicates 

and a linear calibration curve is obtained.  

h) A quality control standard should be analyzed to verify the 

calibration.  

i) Samples that are found to have concentration higher than the 

highest standard should be diluted into range and reanalyzed.  

j) To monitor the performance of the graphite tube, a mid-level 

standard and a blank standard should be run after every 10th 

sample.  

 

Flame atomic absorption spectroscopy (F-AAS) 

Introduction 

1. F-AAS is a very specific technique prone to few interference 

effects.  

2. F-AAS is a single element technique with analyte 

determinations in the mg l-1 region as routine for most 

elements. 

Principles 

a) A liquid sample is nebulized to form a fine aerosol, which is 

mixed with fuel and oxidant gasses and carried into a flame.  

b) In the flame the sample is dissociated into free ground state 

atoms.  
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c) A light beam from an external light source emitting specific 

wavelengths passes through the flame.  

d) The wavelength is chosen to correspond with the absorption 

energy of the ground state atoms of the desired element.  

e) The measured parameter in F-AAS is attenuation of light. 

f)  Lambert-Beers law expresses the relationship between the 

attenuation of light and concentration of analyte. 

Interferences: 

a) F-AAS is known as a technique with few problems related to 

interference effects.  

b) The interferences that occur are well defined, as are the 

means of dealing with them.  

c) For analysis of a few elements the type and temperature of 

the flame are critical; with improper conditions ionization 

and chemical interferences may occur.  

Ionization: 

a) Ionization of the analyte atoms in the flame depletes the 

levels of free ground state atoms available for light 

absorption.  

b) This will reduce the atomic absorption at the resonance 

wavelength and lead to erroneous results.  

c) The degree of ionization of a metal is strongly influenced by 

the presence of other invisible metals in the flame.  



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 62 - 

 

d) By addition of an excess of a very easily ionized element to 

the blanks, standards and samples the effect of ionization can 

usually be eliminated.  

e) Ionisation is most common in hot flames such as nitrous 

oxide- acetylene flames.  

f) In an acetylene-air flame ionization is most often limited to 

be a problem in analysis of the alkali- and alkaline earth 

metals.  

1. Chemical interference: 

a) The most common type of chemical interference occurs when 

the sample contains components that forms thermally stable 

compounds with the analyte and thus reduce the rate at which 

it is atomised. 

b)  Adding an excess of a compound that form thermally stable 

compounds with the interfering element eliminates chemical 

interference.  

c) For example, calcium phosphate does not dissociate 

completely in the flame. Addition of Lanthanum will tie up 

the phosphate allowing calcium to be atomized.  

d) A second approach to avoid chemical interference is, if 

possible, to use a hotter flame.  

e) Using the method of standard addition can also control 

chemical interference. 

2. Physical interference: 

a) If the physical properties as viscosity and surface tension 

vary considerably between samples and standards, the 
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sample uptake rate or nebulization efficiency may be 

different and lead to erroneous results.  

b) Dilution of samples or method of standard addition or 

both can be used to control these types of interferences.  . 

3. Background absorption and light scattering: 

a) Matrix components that are not 100% atomised and that has 

broadband absorption spectra may absorb at the analytical 

wavelength.  

b) Tiny solid particles in the flame may lead to scattering of the 

light over a wide wavelength region.  

c) The background absorption can be accounted for by using 

background correction techniques such as continuous light 

source (D2-lamp) or Smith-Hieftje. 

Instrumentation: 

 Atomic absorption spectrophotometer single- or double-beam 

instrument having a grating monochromator, photomultiplier 

detector, adjustable slits, equipped with a air-acetylene 

burner head and a suitable recorder or PC.  

 The wavelength range must be 190-800 nm.  

Calibration standards: 

 Calibration standards are prepared by single or multiple 

dilutions of the stock metal solution.  

 Prepare a reagent blank and at least 3 calibration standards 

in graduated amount in the appropriate range of the linear 

part of the curve.  
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 The calibration standards must contain the same acid 

concentration as will result in the samples following 

processing.  

 For precipitation samples, that would be 1% (v/v) HNO3 

and for suspended particulate matter10% (v/v) HNO3.  

 The calibration standard should be transferred to 

polyethylene bottles.  

Instrumental procedure: 

a) The operating procedure will vary between instrument 

brands, so the instrument manual should be followed 

carefully.  

b) The position of observation and the fuel: oxidant ratio 

must be optimized.  

c) Some general guidelines are outlined below 

d) Light the hollow cathode lamp or electrode discharge 

lamp and D2-lamp if such background correction is used.  

e) Set the lamp current to the value specified by the 

manufacturer.  

f) Position the monocromator at wavelength 213.9 and 

choose slit with 0.7 and slit height ―high‖.   

g) Carefully balance the intensity of the hollow cathode lamp 

and the D2-lamp if such background correction is used.  

h) Align the burner head to assure that the centre of the light 

beam passes over the burner slot.  
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i) Light the flame and regulate the flow of fuel and oxidant 

to produce an oxidizing flame (lean blue).    

j) Aspirate calibration blank and establish a zero point.  

k) Aspirate standard solutions and construct a calibration 

curve.   

l) Aspirate distilled water after each standard or sample.  

Instrument performance: 

The ―characteristic concentration‖ (sometimes called sensitivity) 

is defined as the concentration of an element (mg l-1) that will absorb 

1 % of the incoming radiation. This equals a signal of 0.0044 

absorbance units (AU). 

The ―characteristic concentration‖ is instrument dependent and 

is calculated as follows: 

Cm = (S * 0.0044 AU) / measured absorbance 

C:  Characteristic concentration (mg l-1) 

S: Concentration of measured standard (mg l-1) 

Cm Knowing the ―characteristic concentration‖ allows the 

analyst to check if the instrument is correctly optimized and 

performing up to specifications.   

Sequence of analysis: 

 Aspirate calibration blank and establish a blank level  

 Aspirate calibration blank and standard solutions and 

construct a calibration curve.  

 Use at least 3 standard solutions in addition to the 

calibration blank to cover the linear range. Every point at 
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the calibration curve should, if possible, be based on 

replicate analysis. 

 Distilled water should be aspirated after each standard and 

sample.  

 A quality control standard should be analysed to verify the 

calibration.  

 A calibration blank should be analysed to check for 

memory effects.  

 Aspirate unknown samples.   

 Aspirate a quality control standard for every 10th sample to 

check for drift.  

 Samples that are found to have concentration higher than 

the highest standard should be diluted and reanalyzed.  

Lamps for AAS: 

1. Hollow cathode lamp (HCL): 

a)  Suitable for most elements (discharge lamp) 

b) A hollow cathode lamp consists of a glass cylinder, and 

an anode and a cathode. The cylindrical cathode is either 

made of the analyte element or filled with it.  

c) The anode is in the form of a thick wire and usually made 

of tungsten, nickel, tantalum, or zirconium.  

d) The glass tube is first evacuated and then filled with an 

inert gas (argon or neon).  

e) The pressure of the inert gas is about 0.5 to 1.3 kPa 
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f) for certain elements short-lived because of the volatilazion 

(e.g. As, Se) 

g) cheapness 

2.Electrode less discharge lamp (EDL): 

1. longer durability for most elements greater sensitivity and 

stability 

2. need their own power supply 

3. expensive 
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Hydride Generation Analysis 

 Hydride generation – elements which form gaseous 

hydrides: Sb, As, Bi, Se, Te, Sn - HGAAS 

 Hg – Cold Vapour, CVAAS 

 Acidified sample solution is reacted with NaBH4  

producing the analyte hydride, which is carried on a 

stream of argon carrier gas to the atomizer 

 The hydride decomposes in the atomizer to the 

elemental form and can be measured 

 A number of elements such as arsenic and selenium form 

volatile hydrides on reduction of their salts with suitable 

reducing agents such as sodium borohydride.  

 Atomic absorption of the free atoms of the analyte 

element then occurs in the same way as with the flame or 

with an electrically heated cell. 

 Mercury can be determined in the same way but in this 

case the inorganic mecury present in the samples is 

reduced to atomic mercury, which can then be swept into 

the absorption tube where the atomic absorption process 

occurs 

 This analysis the tube does not need to be heated as the 

free atoms are generated at room temperature.Hence the 

name Cold Vapour AAS. 
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The basic theory is that: 

1.  The acidified sample solution is reacted with NaBH4 

producing the analyte hydride, which is carried on a 

stream of argon carrier gas to the atomizer.  

2. The hydride decomposes in the atomizer to the elemental 

form and can be measured 

 

Now for the science--------  

1. Acidify sample 

2. Mix with reluctant 

3. Sodium borohydride NaBH4 

4. Analyte reduced to gaseous hydride 

5. As3+  + BH4-  + H+  -> AsH3  (gas) + BO3  + H2 

6.  Gaseous analyte hydride separated from liquid reagents 

7.  Gas liquid separator device 

8.  Gaseous analyte hydride carried into heated cell 

9.  Inert (e.g. Ar, N2) used to transport it 

10.  Analyte atomised, and AA signal measured 
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Hydride V’s Flame 

Reasons for poor flame sensitivity for hydride group elements: 

1. Low intensity HCL’s 

2. Absorption by flame gases 

3.  Inefficiencies in sample intro eg. Nebulisation 

4. Improved sensitivity and reduced noise result in detection 

limits typically 1000x better than those achieved by 

conventional flame analysis. 

5. The primary resonance lines used to measure the hydride 

group elements are in the deep UV region of the spectrum 

– indeed, the primary arsenic and selenium lines are 

below 200nm. 

6.   In this region of the spectrum, the normal flame gases, 

and even the air itself, will absorb a significant proportion 

of the radiation emitted by the lamp.   

7. This combination of low intensity hollow cathode lamps 

and the absorption by the flame gases results in rather 

noisy absorption signals, and consequently poor detection 

limits. 

8. Hydride generation offers the opportunity to improve 

sensitivity and reduce noise resulting in improved 

detection limits, which are typically 1000x better than 

those achieved by conventional flame AAS. 
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Vapour Generation - Modes of Operation  

Vapour Generation accessories can be designed in 3 ways: 

1. Batch Operation 

2. Flow Injection 

3. Continuous Flow 

Batch Operation 

a. Discrete portions of reagents are mixed with each sample 

b. Volatile hydrides generated are swept into the 

spectrometer for measurement. 

4. The signal is measured as a peak  

 Benefits: 

i. The hardware required is cheap and simple. 

ii. Detection limits can be good, as large volumes of 

sample can be used. 

iii. No software interface is required. 
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Drawbacks: 

1. Sample throughput rate is low. 

2. It is next to impossible to automate the measurement. 

3. It is extremely difficult to interface the device to an 

autosampler. 

4. Reagent consumption is high. 

5. 5. Significant operator skill and dexterity is required.. 

 

2.Flow Injection Operation: 

a) A peristaltic pump is used to generate continuously 

flowing streams of reagents. 

b)   A 6 port valve and sampling loop are used to inject 

discrete portions of the sample into one of the reagent 

streams. 

c) The reagent streams are mixed, and the volatile hydrides 

are separated in a gas liquid separator and transported to 

the spectrometer for measurement. 

d) The signal is measured as a peak  
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3.Continuous Flow: 

a) Reagents and sample are pumped to a reactor zone, where 

the chemical reaction takes place. 

b) The volatile hydrides are separated from the reaction 

mixture in a gas-liquid separator, and transported to the 

spectrometer for measurements. 

c) The signal rises to a steady state value, and can be 

integrated for as long as desired. 

Benefits: 

a) The hardware required is reasonably simple. Signal 

precision is good. 

b) Fully automatic operation is possible eg. auto samplers. 

Sample throughput rate is moderate. 

c) Reagent consumption is moderate. 

Drawbacks: 

a) Sensitivity is limited by maximum sample flow rate. 

b) Significant (>10 seconds) stabilization and wash through 

times are necessary to avoid memory effects. 

c) A software interface may be required. 

d) The design of the gas liquid separator is critical, and must 

be optimised empirically. 
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Sample Preparation Issues: 

a) Sample preparation is a key issue with hydride generation 

analyses.  

b) Sample pre-reduction requirements can be divided, as you 

would expect into their respective groupings on the periodic 

table. 

c) Group VI elements Se and Te always require prereduction 

to the tetravalent state, since the hexavalent oxidation state 

for both elements would result in no measurable signal by 

any configuration. 

d) Group VI - Se and Te require pre-reduction adding /boiling 

solutions with HCl for ~10 mins 

e) Group V (As,Sb and Bi) require pre-reduction 

f) usually achieved using either Potassium Iodide or L-

Cysteine 

g) Mercury requires no special prereduction sample 

preparation,  

h) But the actual reduction of mercury can take place through 

two reaction mechanisms: 

i) Sodium Borohydride (NaBH4) 

j) Stannous Chloride (SnCl2) 

.
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Inductively coupled plasma (ICP) 

 An inductively coupled plasma (ICP) is a type of plasma 

source in which the energy is supplied by electrical currents 

which are produced by electromagnetic induction, that is, by 

time-varying magnetic fields.  

 Plasma refers to an ionized gas, in which a certain 

proportion of electrons are free, rather than being bound 

to an atom or molecule. The ability of the positive and 

negative charges to move somewhat independently makes 

the plasma electrically conductive so that it responds 

strongly to electromagnetic fields. Plasma therefore has 

properties quite unlike those of solids, liquids or gases and 

is considered to be a distinct state of matter. Plasma 

typically takes the form of neutral gas-like clouds (e.g. 

stars). 

Operation: 

 There are two types of ICP geometries: planar and cylindrical. In 

planar geometry, the electrode is a coil of flat metal wound like 

a spiral. In cylindrical geometry, it is like a helical spring. 

 When a time-varying electric current is passed through the coil, 

it creates a time varying magnetic field around it, which in turn 

induces azimuthal electric currents in the rarefied gas, leading to 

break down and formation of plasma. Argon is one example of a 

commonly used rarefied gas. 

 Plasma temperatures can range between 6 000 K and 10 000 K, 

comparable to the surface of the sun. 

http://en.wikipedia.org/wiki/Plasma_%28physics%29
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Electrical_current
http://en.wikipedia.org/wiki/Electromagnetic_induction
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/State_of_matter
http://en.wikipedia.org/wiki/Star
http://en.wikipedia.org/wiki/Helix
http://en.wikipedia.org/wiki/Azimuthal
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 ICP discharges are of relatively high electron density, on the 

order of 10
15

 cm
-3

. 

 As a result, ICP discharges have wide applications where a high 

density plasma is necessary. 

 Another benefit of ICP discharges is that they are relatively free 

of contamination because the electrodes are completely outside 

the reaction chamber. In a capacitively coupled plasma (CCP), 

in contrast, the electrodes are often placed inside the reactor and 

are thus exposed to the plasma and subsequent reactive chemical 

species. 

Applications: 

 ICP-AES, a type of atomic emission spectrometry  

 ICP-MS, a type of mass spectrometry.  

 ICP-RIE, a type of reactive ion etching.  

http://en.wikipedia.org/wiki/Capacitively_coupled_plasma
http://en.wikipedia.org/wiki/ICP-AES
http://en.wikipedia.org/wiki/Emission_spectrometry
http://en.wikipedia.org/wiki/ICP-MS
http://en.wikipedia.org/wiki/Mass_spectrometry
http://en.wikipedia.org/w/index.php?title=ICP-RIE&action=edit&redlink=1
http://en.wikipedia.org/wiki/Reactive_ion_etching
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Inductively coupled plasma atomic emission spectroscopy (ICP-AES):  

Also, referred to as Inductively Coupled Plasma Optical Emission 

Spectrometry (ICP-OES) is an analytical technique used for the 

detection of trace metals. 

 It is a type of emission spectroscopy that uses the inductively coupled 

plasma to produce excited atoms and ions that emit electromagnetic 

radiation at wavelengths characteristic of a particular element.  

The intensity of this emission is indicative of the concentration of the 

element within the sample. 

The ICP-OES is composed of two parts: 

1. The ICP  and 

2. The optical spectrometer.  

 The ICP torch consists of 3 concentric quartz glass tubes.  

 A water cooled coil of a radio frequency (RF) generator which 

surrounds part of the torch.  

 Argon gas is typically used to create the plasma. 

 When the torch is turned on, an intense magnetic field from the 

radio frequency (RF) generator is turned on.  

 The argon gas flowing through is ignited with a Tesla unit 

(typically a copper strip on the outside of the tube).  

 The argon gas is ionized in this field and flows in a particular 

rotationally symmetrically pattern towards the magnetic field of 

the RF coil.  

http://en.wikipedia.org/wiki/Emission_spectroscopy
http://en.wikipedia.org/wiki/Inductively_coupled_plasma
http://en.wikipedia.org/wiki/Inductively_coupled_plasma
http://en.wikipedia.org/wiki/Inductively_coupled_plasma
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Spectrometer
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Argon
http://en.wikipedia.org/wiki/Plasma
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Tesla
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 A stable, high temperature plasma of about 7000K is then 

generated as the result of the inelastic collisions created between 

the neutral argon atoms and the charged particles 

 Peristaltic pump delivers an aqueous or organic sample into a 

nebulizer where it is atomized and introduced directly inside the 

plasma flame.  

 The sample immediately collides with the electrons and other 

charged ions in the plasma and is broken down into charged 

ions.  

 The various molecules break up into their respective atoms 

which then lose electrons and recombine repeatedly in the 

plasma, giving off the characteristic wavelengths of the elements 

involved. 

 A shear gas, typically nitrogen or dry compressed air is used to 

'cut' the plasma flame at a specific spot. 1 or 2 transfer lenses are 

then used to focus the emitted light on a diffraction grating 

where it is separated into its component radiation in the optical 

spectrometer.  

 The light intensity is then measured with a photomultiplier tube 

at the specific wavelength for each element line involved. 

 The intensity of each line is then compared to previous 

measured intensities of known concentrations of the element and 

its concentration is then computed by extrapolation along the 

calibration line. 

http://en.wikipedia.org/wiki/Peristaltic_pump
http://en.wikipedia.org/wiki/Peristaltic_pump
http://en.wikipedia.org/wiki/Nebulizer
http://en.wikipedia.org/wiki/Ions
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Diffraction_grating
http://en.wikipedia.org/wiki/Photomultiplier
http://en.wikipedia.org/wiki/Concentration
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Practical part: 

1. Calibration of the instruments and preparation of standard 

solutions. 

2. Determination of 2 alkali (e.g. Na, K) metals and 2 heavy 

metals (Fe, Pb, Cr, Mn, Zn)  in drinking water by Direct 

Air Acetylene method (standard method 3111B) 

3. Determination of 4 heavy (e.g. Cd, Pb, Cr, Zn) in drinking 

water by Electrothermal Atomic Absorption method 

(standard method 3113B) 

4. Determination of 2 heavy metals (e.g. Hg  , Sn) in 

drinking water  by Cold Vapour  Atomic Absorption 

(standard method 3112 B) 

5. Multiple determination of at least 10 element by ICP 

standard method 3120 B) 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثُنجِٓ
 

  ثُضقون ٖٓ طقز ثُ٘ضجةؼ
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 ُنجِٓثثُلظَ 

 ثُضقون ٖٓ طقز ثُ٘ضجةؼ

Quality Control 

: ٓووٓز

ٓغت٤ُٞز مٔجٕ ثُؾٞدر ك٠ ثُٔؼجَٓ ص٘غخ ث٢ُ ؽخـ ُٚ خذشر ًجك٤ز دذشثٓؼ مٔجٕ  

ثُؾٞدر ٤ًٝل٤ز أدثسصز ٝصقذ٣غٚ ُٝذ٣ٚ ثُغِطز ٝثُٔغت٤ُٞز ُضطذ٤ن دشٗجٓؼ مٔجٕ ثُؾٞدر، ٝرٝ 

ٓغتٍٞ مٔجٕ ثُؾٞدر ٣ؾخ إٔ صؼ٤ِٔٚ . ٓشًض ٣ض٤ـ ُٚ ثلاصقجٍ دج٩دثسر ثُؼ٤ِج ُ٘وَ ثُضوجس٣ش إ٤ُٜج

، ٓطِغ ػ٠ِ ًَ ثُ٘ٞثف٢ ثُٔؼ٤ِٔز، ٝػ٠ِ ػِْ دجُطشم  Technical educationػ٤ِٔج 

ٓغتٍٞ مٔجٕ ثُؾٞدر ٣وّٞ ػ٠ِ إدخجٍ ثُذشٗجٓؼ ٝصقذ٣غٜج، إه٘جع . ث٩فقجة٤ز ُضو٤٤ْ ثُ٘ضجةؼ

.  ث٧ػنجء دؤ٤ٔٛضٚ، ٝصوذ٣ْ ثُٔؼِٞٓجس ثُنشٝس٣ز ٝثُضذس٣خ ٌَُ أػنجء ثُٔؼَٔ

  Definitions صؼ٣ٌلجس

 فَٓز ثلأّضنلاصExtraction Batch  : 

٢ٛ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس ثُقو٤ِز ٣ضْ أعضخلافٜج صقش ٗلظ ثُظشٝف ٝد٘لظ   

ٝٛزٙ ثُٔؾٔٞػز . ثُؾخـ خلاٍ ٣ّٞ ػَٔ ٝثفذ ٣ٝغضخذّ ٓقٍِٞ ه٤جع٢ ٝثفذ ُؾ٤ٔغ ثُؼ٤٘جس

 ٖٓ ثُؼ٤٘جس صقضجػ ث٢ُ ػ٤٘جس مجدطز

 َفَٓز ثُضقج٤ُ:Analysis Batch 

 عجػز 24ػذجسر ػٖ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس ٣ضْ صق٤ِِٚ صقش ٗلظ ثُظشٝف خلاٍ  

 Calibration check standards (CCC):ٓضنٔ٘ز أخضذجس ػ٤ِٔز ثُٔؼج٣شر
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 Standard Solutions: ثُٔقج٤َُ ثُو٤ج٤ّز

 ًٌَٓ ٓقٍِٞ ه٤ج٢ّ:Stock Standard Solution (SSS)  

 ٖٓ ر٣ٌٖٝٔ ؽشثا.  ك٢ ثُٔؼَٔر ثُٔشثد ه٤جطثُؼ٘قشٓقٍِٞ ه٤جع٢ ٓشًض ٣قض١ٞ ػ٢ِ  

 سُش/ ِٓؾ1000ْؽٜجس ٓؼضٔذر ٝصش٤ًضٙ ؿجُذج 

  Primary Dilution Standard (PDS) Solution:ٓقٍِٞ ه٤ج٢ّ أ٢ُٝ

 ٣ٝخلق Stock Standard Solution (SSS) ثُٔشًضٙ ٍُٞ ٣قنش ٖٓ ثُٔـ 

 Calibration Standard . ث٢ُ صش٤ًض ٓضٞعو ٓجد٤ٖ ثُٔشًض ٝثُؼ٤جس١دجُقٔل ثُٔخلق

(CAL) 

 ٓقٍِٞ ه٤ج٢ّ ػ٤ج١ً:Calibration Standard (CAL)  

ٝرُي ُٔؼج٣شر (SUR)  ٝثُؼ٤جس١ ثُذذ٣َ (PDS)فٍِٞ ثُو٤جع٢ ث٣ُْ٢ُٝ٧قنش ٖٓ ث 

.   ثُٔشثد ه٤جعٜجثُؼ٘جفشثُؾٜجص ٝصقذ٣ذ ًلجءصٚ ٝفغجح صشث٤ًض ث

 ثُؼٞثدؾ: Blanks 

 ػجدؾ ثٌُٞثشق ثُٔؼ٤ِٔز: Laboratory Reagent Blank (LRB)  

٣قنش ُِضؼشف ػ٢ِ ٝؽٞد أ١ ؽٞثةخ أٝصذخلاس دجُؼ٤٘ز خلاٍ ػ٤ِٔز ص٘جٍٝ ٝٓؼجُؾز  

 ٓغج١ٝ ُقؾْ ثُؼ٤٘ز ثُٔؼجدٕ ٣ٝضْ صقن٤شٙ دئخضذجس فؾْ ٖٓ ث٤ُٔجٙ ثُخج٤ُز ٖٓ . ثُؼ٤٘ز

 .ثُٔشثد صق٤ِِٜج ٣ٝضْ ثُضؼجَٓ ٓؼٜج ًؼ٤٘ز

 إرث صثد صش٤ًض ثُؼ٘قش ثُٔشثد ه٤جعز ك٠ ػ٤٘ز ثُذلاٗي ػٖ فذ ثُضوذ٣ش ُطش٣وز ثُضق٤َِ 

كئٕ ٛزث ٣ؾ٤ش ث٠ُ ٝؽٞد صِٞط إٓج ثٕ ٣ٌٕٞ ٗجصؼ ٖٓ ثٌُٞثؽق أٝ ٖٓ ثلادٝثس ثُٔغضخذٓز 

. ك٠ ثُضق٤َِ

. (ػ٤٘ز أٝ أه20َ) ٣ؾخ صق٤َِ ػ٤٘ز دلاٗي ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس 
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  Laboratory Fortified Blank (LFB):ػجدؾ ُِضأًو ٖٓ ؽٞهر ثُٔؼَٔ

ٖٓ ثُٔجء ثُخج٢ُ ٖٓ فؾْ  ث٢ُ ر ثُٔشثد ه٤جطثُؼ٘قش  صش٤ًض ٓؼِّٞ ٖٓ ٣قنش دئمجكز 

٣ٝضْ فغجح ؽشثء ثُضقج٤َُ ثلاصٓز ًؼ٤٘ز صٔجٓج ،إ٣ٝضْ   (ػ٤٘ز دلاٗي)ثُٔؼجدٕ ثُِٔٞعجس 

 ٖٝٓ . ُِ٘ضجةؼcontrol limits ٝفغجح control chartsٓؼذٍ ث٩عضشؽجع ٝسعْ 

 .ثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج ٣ٌٖٔ ثُضؼشف ػ٢ِ ؽٞدر ٝدكز ثُضقج٤َُ

.  (ػ٤٘ز أٝ أه20َ)  ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس (LFB) ٣ؾخ صق٤َِ ػ٤٘ز 

  ٓؼجف ث٤ُٚ ثٌُٔٞٗجس ُِضقون ٖٓ طقز ثُ٘ضجةؼػ٤٘ز فو٢ِ:Laboratory 

Fortified Sample Matrix (LFSM  

 Known quantities of theثُٔشثد صق٤ِِٜجثثُؼ٘جفش ػ٤٘ز فو٤ِز ٓنجف ث٤ُٜج  

method analytes ٣ٝضْ فغجح ٓؼذٍ .   صقش ٗلظ ظشٝف ٝٓٞثفلجس ثُؼ٤٘ز

 ٖٝٓ ثُ٘ضجةؼ . ُِ٘ضجةؼcontrol limits ٝفغجح control chartsث٩عضشؽجع ٝسعْ 

ثُٔضققَ ػ٤ِٜج ٣ٌٖٔ ثُضؼشف ػ٢ِ ؽٞدر ٝدكز ثُضقج٤َُ ٝرُي ُضقذ٣ذ ًلجءر ٝدهز ثُٔؼَٔ، 

.  ٌٓٞٗجس ثُؼ٤٘ز ٣ؾخ ه٤جعٜج ٝثػضذجسٛج ثُوجػذر ث٧عجع٤ز ػ٘ذ ثُقغجح

. (ػ٤٘ز أٝ أه20َ)  ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس (LFSM) ٣ؾخ صق٤َِ ػ٤٘ز 

 ػجدؾ ٓؼ٢ِٔ ٓيهٝػ:Laboratory Fortified Sample Matrix 

Duplicate (LFSMD)  

 ُِضقون ٖٓ فقز ثُ٘ضجةؼ ث٢ُ ٗقل٤ٖ ٓضغج٣ٖٝ ثُؼ٘قشثُٔنجف ث٤ُٚ فو٤ِز صوغْ ػ٤٘ز  

صٔجٓج، ٣ٝضْ صق٤ِِٜٔج صقش ٗلظ ثُظشٝف ٝد٘لظ ثُطش٣وز ٝثُٔٞثفلجس ٖٝٓ ٗضجةؼ ثُضقج٤َُ 

 .٣ٌٖٔ ثُضؤًذ ٖٓ فقز ثُ٘ضجةؼ

 ػ٤٘ز ٌٓؽؼ٤ز ُِضقون ٖٓ طقز ثُ٘ضجةؼ:Quality Control Sample 

(QCS)  

صقنش ك٢ ثُٔؼَٔ ٖٓ ثُٔقج٤َُ ثُو٤جع٤ز ث٤ُٝ٧ز  ٣ٌٖٝٔ ثُققٍٞ ػ٤ِٜج ٖٓ ؽٜجس 

. ٓؼضٔذر
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  Quality Control Procedure :مطٞثس ثُضقون ٖٓ طقز ثُ٘ضجةؼ

 ثصذجع دجُؼ٘جفش ثُغو٤ِز٣ؾخ ػ٢ِ ثُٔؼجَٓ ثُٔغتُٞز ػ٢ِ ثُو٤جّ دجُضقج٤َُ ثُخجفز 

دشثٓؼ ثُضقٌْ ك٢ ؽٞدر ٝدهز ثُضقج٤َُ دق٤ظ صؾضَٔ ػ٢ِ ثُضو٤ْ ث٢ُٝ٧ ُوذسر ثُٔؼجَٓ، ثُضؤًذ 

 .ٖٓ إٔ ًَ فضٓز صقج٤َُ صؾضَٔ ػ٢ِ ؽ٤ٔغ ثُنٞثدو ٝثُٔقج٤َُ ثُؼ٤جس٣ز ٝثُو٤جع٤ز

 

  Initial Demonstration of Capability (IDC) : ثُضو٤ْ ثُٔذوة٢ ُِٔنضذٌ

 

  :ُِضؼٌف ػ٢ِ ص٤ًٌَ ثُشٞثةخ ثُضو٤ْ ثُٔذوة٢. 

Initial Demonstration of Low System Background:  

 ف ػ٢ِ ثُضش٤ًض ثُٔشؽؼ٢س أٝ ُِضغ ُِضؤًذ ٖٓ خِٞ ثٌُٞثؽق ٖٓ أ١ ؽٞثةخ

background concentration)) ٝرُي دضق٤َِ ػ٤٘ز مجدو ثٌُٞثؽق ثُٔؼ٤ِٔز 

Laboratory reagent    blankٝثُضؤًذ ٖٓ خِٞ ثٌُٞثؽق ٖٓ أ١ ؽٞثةخ. 

   :Initial Demonstration of Accuracyُِؾٞهر ثُضو٤ْ ثُٔذوة٢. 

ٝرُي دضق٤َِ ػ٤٘ز ٓشؽؼ٤ز ٓؼِٞٓز ثُضش٤ًض  ٣ٝؾخ إٔ صٌٕٞ ٗض٤ؾز ثُضق٤َِ ٓجد٤ٖ 

دؼذ ثُضجًذ ٖٓ ثُضقج٤َُ ثُغجدوز ٣ضْ صق٤َِ ػ٤٘ز مجدو . ٖٓ ثُضش٤ًض ث٧ف٢ِ% 120 ث٠ُ% 80

أٝ أخض٤جس صش٤ًض ٓضٞعو   ثُٔشثد ه٤جعٜجثُؼ٘جفش ٖٓ أفذٓؼِّٞٓؼ٢ِٔ صقض١ٞ ػ٢ِ صش٤ًض 

± ٣ٝؾخ إٔ ٣ٌٕٞ ٓضٞعو ثُ٘ضجةؼ . ٓجد٤ٖ أػ٢ِ صش٤ًض ٝأهَ صش٤ًض ُِٔقج٤َُ ثُو٤جع٤ز ثُؼ٤جس٣ز

 .ٖٓ ثُضش٤ًض ث٧ف٢ِ% 20

  Initial demonstration of accuracy:ثُضو٤ْ ألا٢ُٝ ُِوهز        

٣ضْ فغجح  (ُِؾٞدر ثُضو٤ْ ثُٔذذة٢)ٖٓ ثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج ك٢ ثُلوشر ثُغجدوز 

 ُؾ٤ٔغ ثُ٘ضجةؼ ٝثُلشم ك٢ ٓؼذٍ Standard Deviation (SD) ٓضٞعو ٓؼذٍ ث٧ٗقشثف

  ٝػ٢ِ ٛزث ث٧عجط ٣قغخ ٓؼذٍ أٗقشثف ثُ٘غذ٢ ٣ٝؾضشه ثلا٣ض٣ذ صش٤ًض٣ٖأُ٘قشثف  ٓجد٤ٖ

 .د٘لظ ثُقغجدجس ط ٣ٌٖٔ صق٤َِ ػذد ػ٤٘ض٤جٕ ٓؼ٤ِٔز ٓؼِٞٓز ثُضش٤ًض ٝثُو٤ج%. 25ػٖ 
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% RSD= (SD1-SD2) x100/ SD average 

: Detection Limit (DL):صؼ٤ٖ فو ثُضوو٣ٌ. 

:  ٣ضْ فغجدز فذ ثُضوذ٣ش  ٌَُ ػ٘قش ًجلاص٠

The DL for ech metal is calculated as DL= 3 x standard deviation of 

the mean of the blank determinations (n > 20). 

٣ٝؼضذش فذ ثُضوذ٣ش ؿ٤ش عجدش ف٤ظ ثٗز ٣قضجػ ث٠ُ إػجدر صو٤ْ ٖٓ ٝهش لاخش صذؼج ُِضـ٤ش ك٠ 

 (Blank)ٓغضٟٞ ثُنجدو ثُٔؼ٠ِٔ  

 

 ثُضقون ٖٓ ؽٞهر ٝههز ثُ٘ضجةؼ. 

  Laboratory Reagent Blank:ػجدؾ ثٌُٞثشق ثُٔؼ٤ِٔز .1

 Analysis ٣ضْ ثُو٤جّ دضق٤َِ ػ٤٘ز مجدو ًٞثؽق ٓؼ٤ِٔز ٓغ ًَ فضٓز ثُضقج٤َُ

Batchٝرُي ُِضؤًذ ٖٓ خِٞ ٛج ٖٓ أ١ ؽٞثةخ أٝ ُِضؼشف ػ٢ِ ثُضش٤ًض ثُٔٞؽٞد  Back 

ground concentrationٗض٤ؾز ثعضخذثّ ٛزٙ ثٌُٞثؽق  .

  Continuing Calibration Check (CCC):ثمضذجً ثُٔؼج٣ٌر ثُْٔضٌٔ  .2

 دق٤ظ Analysis Batch  ػ٤٘ز 20 ٓغ ًَ  ٣ضْ دضق٤َِ ٓقٍِٞ ه٤جع٢ ػ٤جس١ 

. ٣ٌٕٞ صش٤ًضٙ ٣وغ دٔضٞعو أهَ صش٤ًض ٝأػ٢ِ صش٤ًض

 . Surrogate Standard (SUR) إمضذجً ثُؾٞهر دئّضنوثّ ٓقٍِٞ ه٤ج٢ّ دو٣َ .3

ثُؼ٤٘ز ٖٝٓ ٗضجةؼ  ثSUR٢ُ ٣ضْ أمجكز صش٤ًض ٓؼ٤ٖ ٖٓ ثُٔقٍِٞ ثُو٤جع٢ ثُذذ٣َ 

: ثُضق٤َِ ٣ٌٖٔ صقذ٣ذ ثُؾٞدر ٝرُي دضطذ٤ن ثُٔؼجدثر ثُضج٤ُز
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Where 

A = calculated surrogate concentration for the QC or Field 

Sample, and B = fortified concentration of the surrogate. 
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  (LFSMD) : ُِضقون ٖٓ طقز ثُ٘ضجةؼ ٝؽٞهصٜجػجدؾ ٓؼ٢ِٔ ٓيهٝػ .4

 صٔجٓج،  ثُٔشثد ه٤جعٜج ث٢ُ هغ٤ٖٔ ٓضغج٣ٖٝ ثٌُٔٞٗجسثٓنجف ث٤ُٚفو٤ِز ػ٤٘ز صوغْ  

صقش ٗلظ ثُظشٝف ٝد٘لظ ثُطش٣وز  (Batch Analysis ) ػ٤٘ز 20ٓغ ًَ ٣ٝضْ صق٤ِِٜٔج 

 ٝرُي دقغجح ثُلشم ثُ٘غذ٢ ٝثُٔٞثفلجس ٖٝٓ ٗضجةؼ ثُضقج٤َُ ٣ٌٖٔ ثُضؤًذ ٖٓ فقز ثُ٘ضجةؼ

 .د٤ٖ ثُ٘ض٤ؾض٤ٖ

 

٣ٌٖٔ فغجح ثُلشم ثُ٘غذ٢ دضق٤َِ ػ٤٘ضجٕ فو٤ِض٘جٕ ٖٓ ٗلظ ثُٔٞهغ ٝصقش ٗلظ ظشف ؽٔغ 

 :ثُؼ٤٘جس ٝثُضقج٤َُ ٝرُي دضطذ٤ن ثُٔؼجدُز ثُضج٤ُز

 

  Quality Control Sample (QCS):ػ٤٘ز ٌٓؽؼ٤ز ُِضقون ٖٓ طقز ثُ٘ضجةؼ  .5

صقنش ك٢ ثُٔؼَٔ ٖٓ ثُٔقج٤َُ ثُو٤جع٤ز ث٤ُٝ٧ز  ٣ٌٖٝٔ ثُققٍٞ ػ٤ِٜج ٖٓ ؽٜجس  

  ػ٘قش ٣ٝضْ صق٤ِِٜج  ٖٝٓ ٗضجةؼ ثُضقج٤َُ ٣ٌٖٔ فغجح فقز ٝؽٞدر ثُ٘ضجةؼ ٌَُٓؼضٔذر

 %. 25 ±٣ٝؾضشه إٔ صٌٕٞ ك٢ فذٝد

 

 Calibration:  ثُٔؼج٣ٌر

  ثُٔقج٤َُ ثُو٤ج٤ّز ثُؼ٤ج٣ًز

 ، ٝرُي خٔؾز صشث٤ًضصقنش ثُٔقج٤َُ ثُو٤جع٤ز ثُؼ٤جس٣ز  ػ٘ذ صشث٤ًض ٓخضِلز  لاصوَ ػٖ 

ث٢ُ هجسٝسر ػ٤جس٣ز  Stock standard solution 1000 mg/L ٖٓ فؾْ ٓؼ٤ٖدئمجكز 

فٔل ٤ٗضش٣ي أٝ فٔل ٤ٛذسًِٝٞس٣ي ) ٓ٘جعخ فٔل ٓخلق َٓ صقض١ٞ ػ٢ِ 100عؼز 

 . 100َٓعْ ثُضخل٤ق ث٢ُ  METB، (ثُٔخلق
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 Intermediate standard solution (A)(100 mg/ml) :ثُّٞؾ ث ثُٔقٍِٞ ثُؼ٤جًٟ

 Stock standard solution) ثُٔشًضر  ثُٔقٍَِٞٓ ٖٓ ٣10ضْ رُي دضخل٤ق 

1000 mg/L)ٝ  َفٔل ثُٔخلق ثٍَٓ صقض١ٞ ػ100٢ِهجسٝسر ػ٤جس٣ز عؼز ث٠ُ د٘و 

.  100َٓعْ ثُضخل٤ق ث٢ُ ثُٔ٘جعخ 

 Intermediate standard solution(mg/ml 10) (ح)ثُّٞؾ  ثُٔقٍِٞ ثُؼ٤جًٟ

(B) 

 Intermediate standard solution ثُٔقٍِٞ َٓ ٖٓ  10  ٣ضْ رُي دضخل٤ق

(A)(100 mg/ml) ثُقٔل ثُٔخلق  َٓ صقض١ٞ ػ100٢ِ ث٢ُ هجسٝسر ػ٤جس٣ز عؼز 

.  100َٓ  عْ ثُضخل٤ق ث٢ُ ثُٔ٘جعخ

 Intermediate standard solution (C)(mg/ml 1) (ػ)ثُّٞؾ  ثُٔقٍِٞ ثُؼ٤جًٟ

 Intermediate standard solution ثُٔقٍِٞ َٓ ٖٓ  10 ٣ضْ رُي دضخل٤ق

(B)(10 mg/ml) ثُٔ٘جعخثُقٔل ثُٔخلق  َٓ صقض١ٞ ػ100٢ِ ث٢ُ هجسٝسر ػ٤جس٣ز عؼز   

.  100َٓعْ ثُضخل٤ق ث٢ُ 

 Working standard solution: ٓقج٤َُ ثُؼَٔ ثُو٤ج٤ّز

 ث٠ُ  (mg/ml 1) (ػ)ثُٞعو  ٣ضْ صخل٤ق أفؾجّ ٓخضِلز ٖٓ  ثُٔقٍِٞ ثُؼ٤جسٟ 

فٔل ) ٓ٘جعخ  دقٔل ٓخلق 100َٓ َٓ عْ ثُضخل٤ق ث٢ُ 100هجسٝسر ػ٤جس٣ز عؼز 

ُِققٍٞ ػ٠ِ صش٤ًضثس ٓخضِلز ُؼَٔ ثُٔ٘ق٠٘  (٤ٗضش٣ي أٝ فٔل ٤ٛذسًِٝٞس٣ي ثُٔخلق

 .ثُؼ٤جسٟ ُِؼ٘قش ثُٔشثد صوذ٣شر

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ثُلظَ ثُْجهُ
 

 صغذ٤ش ؽ٣ٌوز ثُضق٤َِ
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  ّجهُثُلظَ ثٍ
 صغذ٤ش ؽ٣ٌوز ثُضق٤َِ

Validation of analytical method 

 

 :Validationثُضـغـذـش  

صأ٤ًو طقز ثُو٤جُ ػٖ ؽ٣ٌن ثلامضذجً ٝصوو٣ْ أهُز ٓٞػٞػ٤ز ػ٠ِ إٔ ٓضطِذجس ٓقوهر هو 

 صْ صقو٤وٜج 

 

 : Method Validationثُضغذش ٖٓ طقز ثُط٣ٌوز

ػٔــ٤ِـز صذــٌٛــٖ مــــٞثص ثلأهثء ٝٓقــوهثس ثّضنـوثّ ثُط٣ٌوــز ًٔج صؼـٌف  .1

ثُٔؤعـٌثس ثُض٢ هـــو صـ٤ــٌ ٛـــيٙ ثُنــٞثص ٝإُــ٠ أ١ ٓـــــوٟ دجلإػـجكـز إ٠ُ صقــو٣ــو 

ثُٔو٤ــِ أٝ ثُنــٞثص ثُٔو٤ْز هثمَ ٓ٘ظــٞٓز ك٢ ٝؽـٞه ثُضوثمــلاس ٝثُٔؤعـٌثس 

ًٔج صذ٤ــٖ هًؽـز طقـز ثُ٘ضجةــؼ ٝههضٜج ثُض٢ ٣ٌٔـٖ ُِط٣ٌوــز صقو٤وٜــج ك٢ . ثُٔقضٔـِز

.     إؽــجً ظٌٝف مــٞثص ثلأهثء ٝثُٔقـــوهثس ٝثُٔؤعٌثس

 .ػ٤ِٔز صؤًو طلاف٤ز ثُط٣ٌوز ُِـٌع ٜٓ٘ج أ١ ٓلاءٓضٜج ُقَ ٓشٌِز ٓؼ٤٘ز .2

 :س ؟حـطــح ثُشــٓض٠ ٣ؼ

 ػ٘و إطوثً ؽ٣ٌوز ؽو٣ور ُٔؼجُؾز ٓشٌِز ٓقوهر. 

 ٌٓثؽؼز ؽ٣ٌوز صْضنوّ ُضق٤ْٜ٘ج أٝ ُضؼجُؼ ٓشٌِز إػجك٤ز .

 إىث أظٌٜس إؽٌثءثس ػذؾ ثُؾٞهر إٔ ٗضجةؼ ؽ٣ٌوز ْٓضنوٓز صضأعٌ دجُٞهش .

  ػ٘و ثّضنوثّ ثُط٣ٌوز ك٢ ٓؼَٔ ٓنضِق أٝ دٞثّطز أكٌثه آم٣ٌٖ أٝ دجّضنوثّ أؽَٜر

. ٓنضِلز
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 .ُذ٤جٕ صٌجكؤ ؽ٣ٌوضجٕ ٓغَ ؽ٣ٌوز ؽو٣ور ٝٓٞثطلز ه٤ج٤ّز ُلامضذجً

 :ؽٌم ثُضق٤َِ إمض٤جً ٤ًل٤ز

 ًثُٔؼج٣ٌر ثُٔطِٞدز /ٓلاةٔز ُلامض٤ج

  ٣لؼَ ثٕ صٌٕٞ ٓ٘شًٞر ك٢ ٓٞثطلز ه٤ُٝز أٝ إه٤ٔ٤ِز أٝ ٝؽ٤٘ز

 ٌٖٔٓ ٌأفوط ثلإطوثًثس ثُْج٣ًز ُِٔٞثطلز ٓج ُْ ٣ٌٖ ىُي ؿ٤ٌ ٓ٘جّخ أٝ ؿ٤. 

  ٌٕٞ٣ٌٖٔ ثّضنوثّ ؽٌم ؽًٞٛج ثُٔؼَٔ أٝ ؽٌم ٣ضذ٘جٛج ثُٔؼَٔ ش٣ٌطز إٔ ص

 .ٓ٘جّذز ُِـٌع ٝصْ ثُضقون ٖٓ طقضٜج

  ثُضقون ٖٓ طقز ثُط٣ٌوز دجُشٌَ ك٠ فجُز إّضنوثّ ؽٌم ؿ٤ٌ ه٤ج٤ّز ٣ؾخ

 .ثُٔ٘جّخ هذَ ثّضنوثٓٚ

أٝ ثُٔؼج٣ٌثس /إؽٌثءثس ؽٌم ثلامضذجً أٝ ثُٔؼج٣ٌر ثُؾو٣ور هذَ إؽٌثء ثلامضذجًثس ٝٝػغ 

: ف٤ظ صقض١ٞ ٛيٙ ثُطٌم ػ٠ِ ثُٔؼِٞٓجس ثُضج٤ُز ػ٠ِ ثلأهَ

  ٛج ٓؾجٍ ػَٔر  ٝأ   صؼ٣ٌق ٓ٘جّخ ُِط٣ٌن     

 ٝطق ُطٌثٍ ثُـٌع ثٌُٔثه ثمضذجًٙ أٝ ٓؼج٣ٌصٚ      ح 

ثُؼ٘جطٌ ٝث٤ٌُٔجس ٝثُٔوٟ ثٌُٔثه صقو٣وٛج        ػ

ٝ ٌٓؽغ ثُو٤جُ  ٓضطِذجس ثلأهثء ثُل٢٘ٝ ثلأؽَٜر ثُْٔضنوٓز       ه 

 . ثُظٌٝف ثُذ٤ت٤ز ثُٔطِٞدز     ٛـ 

:  ٝطق ُِط٣ٌوز ٣ضؼٖٔ ٝ        

  َٔثٌُٔثؽؼجس ثُلآٍز هذَ دوء ثُؼ

 ّثُضقون ٖٓ إٔ ثُٔؼور صؼَٔ دشٌَ طق٤ـ هذَ ًَ ثّضنوث. 

   ؽ٣ٌوز صْؾ٤َ ثُوٌثءثس ٝثُ٘ضجةؼ

 أ١ إؽٌثءثس ُؼٔجٕ ثُْلآز ٣ؾخ ٌٓثػجصٜج. 
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 ٝ أٝ ٓضطِذجس ثُوذٍٞ أٝ ثٌُكغ /ثُٔوٞٓجس

 ثُذ٤جٗجس ثُٞثؽخ صْؾ٤ِٜج ٝؽٌم ثُضق٤َِ ٝػٌع ثُ٘ضجةؼ. 

 ٖثُلا٣و٤ٖ أٝ ؽ٣ٌوز صوو٣ٌ ثُلا٣و٤. 

 ُٝػغ ػلآجس ص٤٤َٔ ثُـٌع ٝص٘جُٝٚ ٝٗوِٚ ٝصن٣َ٘ٚ ٝإػوثهٙ ُِو٤ج. 

  ثُضقون ٖٓ طقز ثُطٌم٤ًل٤ز

 ٝصوو٣ْ ثلأهُز ثُٔٞػٞػ٤ز ػ٠ِ إٔ  صـثُضقون ٖٓ طقز ثُط٣ٌوز ٛٞ ثُضأًو دجُلـ

 .ثُٔؼ٤٘ز ُضقو٤ن ؿٌع ٓقوه هو صْ صٞكٌٛج ثلافض٤جؽجس

 ػ٠ِ ثُٔؼَٔ إٔ ٣ضقون ٖٓ طقز ثُطٌم ثُـ٤ٌ ه٤ج٤ّز ٝثُطٌم ثُض٢ صْ صظ٤ٜٔٔج / 

دٞثّطز ثُٔؼَٔ ٝثُطٌم ثُو٤ج٤ّز ثُْٔضنوٓز مجًػ ثُٔؾجٍ ثٌُٔثه ُٜج  ًٛجـصط١ٞ

ٝثُضؼو٣لاس ثُض٢ هو ٣ومِٜج ػ٠ِ ثُطٌم ثُو٤ج٤ّز ٝىُي ُِضأًو ٖٓ  ٝثلإّٜجح أٝ ثُضّٞغ

طلاف٤ز ثُطٌم ُِـٌع ثُٔوظٞه ٛيث ٣َِّٝ إٔ ٣ٌٕٞ ثُضقون شجٓلاً فْذٔج ٣ؾخ 

 ٝػ٠ِ ثُٔؼَٔ إٔ ٣ْؾَ ثُ٘ضجةؼ ثُْٔضنٌؽز  .ُٔٞثؽٜز ثفض٤جؽجس ثُضطذ٤ن ٝٓؾجلاصٚ

ٝثُط٣ٌوز ثُْٔضنوٓز ُِضقون ٝٗض ٣ٞػـ ٓج إىث ًجٗش ثُط٣ٌوز طجُقز ُِـٌع 

 .ثُٔوظٞه

 َػ٤ِٜج ثُٔؼَٔ ٖٓ ثُطٌم ثُٔقون طقضٜج  ٣َِّ إٔ ٣ٌٕٞ ثُٔوٟ ٝطقز ثُو٤ْ ثُض٢ ٣قظ

 ٖٝٓ أٓغِز .أؽِٚ ٛيٙ ثُطٌم  ٖٓ ُِـٌع ثُْٔضنوٓزٍدٕٞٝع٤ن ثُظِز دجفض٤جؽجس ثٍ

ٝمط٤ز ثٌُشق  ٝفوٝه ك٢ ٗضجةؼ ثُو٤جُ  uncertainity ثُلا٣و٤ٖ ه٤ٔز: ثُٔوٟ ٝثُو٤ْ

 .ثُ٘ضجةؼ ٝعذجصٜج أٓجّ ثُٔؤعٌثس ثُنجًؽ٤ز ثّضنٌثؽ٤ز أٝ صطجدن/فوٝه ثُضٌٌث٣ًز ٝثُ٘ضجةؼ ٝ

 :صوو٣ٌ ه٤ٔز ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ

  ٚٓ٣ٌٖٔ  .٣ؾخ صوو٣ٌ ه٤ٔز ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ دشٌَ ٣ٌٖٔ كٜٔٚ ٣َْٜٝ ثّضنوث

ثُقظٍٞ ػ٠ِ أؿِخ ثُٔؼِٞٓجس ثُٔطِٞدز ُضوو٣ٌ ثُلا٣و٤ٖ  أع٘جء إؽٌثء ػ٤ِٔز ثُضغذش ٖٓ 

 طقز ؽٌم ثُو٤جُ

 ثُٔؼج٣ٌثس ثٌُٔثؽؼز ثُنجطز دٚ إٔ  ٣ؾ١ٌػ٠ِ ٓؼَٔ ثُٔؼج٣ٌر أٝ ٓؼَٔ ثلامضذجً ثُي١ 

 ثُٔؼج٣ٌثس ُضوو٣ٌ ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ ٌَُ  ؽ٣ٌوز٣طذن
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  ك٢ فجلاس ٓؼ٤٘ز صقٍٞ ؽذ٤ؼز ؽ٣ٌوز ثلامضذجً هٕٝ إؽٌثء فْجدجس دجُـز ثُوهز ٝطق٤قز

ٓقجُٝز صؼ٤٤ٖ ًَ – ػ٠ِ أهَ صوو٣ٌ – ُو٤ْ ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ ٣ضؼ٤ٖ ػ٠ِ ثُٔؼَٔ 

. ٌٓٞٗجس ثُلا٣و٤ٖ ٝػَٔ صوو٣ٌ ٓؼوٍٞ ُو٤ٜٔج

  ػ٘و صوو٣ٌ ه٤ٔز ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ ٣َِّ أمي ًَ ٌٓٞٗجس ثُلا٣و٤ٖ ثُٜجٓز ُِقجُز

 .ٓٞػغ ثلاػضذجً ٓغ ثّضنوثّ ؽٌم ثُضق٤َِ ثُٔ٘جّذز

 ػ٘جطٌ ثُضغذش ٝثُٔظطِقجس 

 :Testثلامضذـــجً  

ػ٤ِٔز ك٤٘ز ص٘ض٢ٜ دضقو٣و مجط٤ز أٝ أًغٌ ُٔ٘ضؼ ٓؼ٤ٖ ؽذوج ُط٣ٌوز ٓقوهر 

 :Test Laboratoryٓؼٔـَ ثمضذــجً  

 .ثُٔؼَٔ ثُي١ ٣ؤه١ ثمضذجًثس ٣ٌٖٝٔ إٔ ٣ٌٕٞ ثُٔؼَٔ ٤ًجٕ هج٢ٗٞٗ أٝ ٤ًجٕ ك٢٘ أٝ ًلاٛٔج

 :Test Itemثُـٌع ثُٔنضذٌ  

. ثُٔجهر أٝ ثُٔ٘ضؼ ثُٔووّ ُِٔؼَٔ دـٌع ثّضنوثٓٚ ك٢ ثمضذجًثس ثٌُلجءر ثُل٤٘ز

 :Test Methodؽ٣ٌوز ثلامضذــجً  

ؽ٣ٌوز ك٤٘ز ٓقوهر لأهثء ثلامضذجً 

 :Test Resultٗض٤ؾز ثلامضذــجً  

ه٤ٔز مجط٤ز صْ صؼ٤٤ٜ٘ج دجٌُجَٓ ػٖ ؽ٣ٌن ؽ٣ٌوز ه٤جُ ٓقوهر 

 :Accuracy   (ؽٜجٍ ه٤جُ)طقز 

 هوًر ؽٜجٍ ثُو٤جُ لإػطجء ثّضؾجدز ه٣ٌذز ٖٓ ثُو٤ٔز ثُقو٤و٤ز 
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 :ثُو٤ٔــــز

 

 ثُو٤ٔز ثُقو٤و٤ز 

 True Value: 

. (ؿ٤ٌ ٓؼٌٝكز دجُطذ٤ؼز)ه٤ٔز ٓضٞثكوز ٓغ صؼ٣ٌق ٤ًٔز ٓؼ٤٘ز 

 

 :ثُو٤ٔز ثُقو٤و٤ز ثُٔضلن ػ٤ِٜج

 Conventional True Value (Assigned Value)    

 .دو٤ٔز لا٣و٤ٖ ٓ٘جّخ ُـٌع ٓؼ٤ٖ– أف٤جٗج ػٌك٤ج – ه٤ٔز صْ٘خ ٤ٌُٔز ٓؼ٤٘ز ٝصوذَ 

 

   ثُو٤ٔز ثٌُٔؽؼ٤ز ثُٔوذُٞز

Accepted Reference Value  :

:  ثُو٤ٔز ثُٔضلن ػ٠ِ إٔ صٔغَ ه٤ٔز ٌٓؽؼ٤ز ُِٔوجًٗز ٝصشضن ػ٠ِ أّجُ

ٓذجها ٗظ٣ٌز أٝ ػ٤ِٔز  .1

ه٤ٔز ٓٞعوز ٖٓ ػَٔ ٓؼ٢ِٔ ه٢ٓٞ أٝ ٓ٘ظٔز ه٤ُٝز  .2

ه٤ٔز ٓؾٔغ ػ٤ِٜج ٗض٤ؾز ػَٔ ٓؼ٢ِٔ صؼج٢ٗٝ  .3

 ه٤ٔز ٓضّٞطز ُٔؾٔٞػز ٓقوهر ٖٓ ثُو٤جّجس .4
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 proficiency testing (Laboratory):  (ثُٔؼَٔ)ثمضذجً ًلجءر 

. صو٤٤ْ أهثء ثُٔؼَٔ ك٢ ثلامضذجًثس ػٖ ؽ٣ٌن  ثُٔوجًٗجس د٤ٖ ثُٔؼ٤ِٔز

 :Interlaboratory comparisons  ثُٔوجًٗجس د٤ٖ ثُٔؼ٤ِٔز

ػ٤ِٔز ص٘ظ٤ـْ ٝأهثء ٝصو٤٤ــْ ثمضذجًثس صؾٌٟ ػ٠ِ ٗلِ ثُـٌع ثُٔنضذٌ أٝ ٓغ٤ِٚ 

 . دٞثّطز ٓؼ٤ِٖٔ أٝ أًغٌ ؽذوج ُشٌٝؽ ٓقوهر ْٓذوج

ك٢ دؼغ ثُقجلاس هو ٣ٌٕٞ أفو ثُٔؼجَٓ ثُٔشجًًز ك٢ دٌٗجٓؼ ثُٔوجًٗجس د٤ٖ 

ثُٔؼ٤ِٔز ٛٞ ثُٔؼَٔ ثُي١ ٣وـوّ ثُو٤ٔز ثُقو٤و٤ز ثُٔضلن ػ٤ِٜج ُِـٌع ٓٞػغ 

 .ثلامضذجً

 :Reference material [RM]ٓجهر ٌٓؽؼ٤ز  

ٓجهر ىثس مجط٤ز أٝ مٞثص ٓضؾجْٗز دشٌَ ًجك٢ ٝٓغذضز دشٌَ ؽ٤و ُضْضنوّ ك٢ 

 .ٓؼج٣ـــٌر ؽٜــجٍ أٝ صو٤٤ــْ ؽ٣ٌوـز ه٤ــجُ أٝ إػطجء ه٤ٔز ٓضلن ػ٤ِٜج ُنٞثص ثُٔٞثه

 ٓجهر ٌٓؽؼ٤ز ٓٞعوز 

Certified reference material (CRM): 

ٓجهر ٌٓؽؼ٤ز ٓظقٞدز دشٜجهر صٞعن ه٤ٔز مجط٤ز أٝ مٞثص دط٣ٌوز صغذش ثلإّ٘جه 

إ٠ُ صقو٤ن طق٤ـ ُِٞفور ثُض٢ ٣ؼذٌ ػٖ ثُنجط٤ز دٜج ٣ٝظجفخ ه٤ٔز ًَ مجط٤ز ه٤ٔز 

 .ُلا٣و٤ٖ ٓقوهر دوًؽز عوز ٓقوهر

 :Reference laboratoryٓؼَٔ ٌٓؽؼ٢  

 (ٓؼٜو ٓؼج٣ٌر ه٢ٓٞ: ٓغجٍ)ثُٔؼَٔ ثُي١ ٣ووّ ثُو٤ْ ثٌُٔؽؼ٤ز ُِـٌع ثٌُٔثه ثمضذجًٙ 

 :Traceabilityثُضـضـذـؼـ٤ـــز  

مجط٤ـــز ٗض٤ؾـز ه٤ـــجُ أٝ ه٤ٔـز ه٤ـج٤ّــز ٣ٔـٌٖ ْٗذٜـج ٝإّ٘جهٛج إ٠ُ ه٤ٔز ٌٓؽؼ٤ز 

ٖٓ ملاٍ ِِّْز ٓضظِز ٖٓ ثُٔوجًٗــجس ىثس – ػجهر ٓجصٌٕٞ ه٤ٓٞز أٝ ه٤ُٝز - ٓوًٌر 

 . ثُ٘ضجةؼ ثُٔظقٞدز دو٤ْ لا٣و٤ٖ
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 Robustness:  (ثُط٣ٌوز)هٞر 

هٞر ثُط٣ٌوز ثُضق٤ِ٤ِز ٢ٛ ٓو٤جُ ُووًصٜج ػ٠ِ ثُذوــجء هٕٝ ثُضأعٌ دجُضـ٤ٌثس ثُظـ٤ــٌر 

 .ثُٔضؼٔــور ك٢ ػ٘جطـٌ ثُط٣ٌوز ٝصذ٤ٖ ٓؼ٤ُٞز ثّضنوثٜٓج ك٢ ثُظٌٝف ثُٔؼضجهر

 

 :Ruggedness Test: (ثُط٣ٌوز)ثمضذجً ٓؼ٤ُٞز 

هًثّز ٓؼ٤ِٔـــز ُذقظ ٤ٌّ ػ٤ِٔــز صق٤ِ٤ِـــز ػ٘و إفـوثط صـ٤ــٌثس طـ٤ٌر ك٢ ثُظٌٝف 

 ٣ٝض٤ـ. أٝ ظٌٝف ثُضشـ٤َ ٓٔـجعِـز ُٔج هو ٣قـوط ك٢ ظٌٝف ٓنضِلز ُلامضذجً/ثُذ٤ت٤ز ٝ

ثمضذــجً ثُٔؼ٤ُٞــز ثُقظـــٍٞ ث٣ٌُْـــغ ٝثُٜٔ٘ؾـ٢ ػِـ٠ ٓؼِـٞٓــجس ػـٖ صأعـ٤ــٌ ثُضـ٤ٌثس 

 .ثُذ٤ْطز

 

 Outlier:  ثُو٤ٔز ثُذؼ٤ور 

 ه٤ٔـز ؿ٤ٌ ٓضٞثكوــز ٓغ دـجه٢ ثُو٤ـْ ثُٔ٘ض٤ٔـز إ٠ُ ٗلـِ ثُٔؾٔٞػز

 

 Extreme results:  ٗض٤ؾز ٓضطٌكز

ثُو٤ْ ثُذؼ٤ور ٝثُو٤ْ ثلأمٌٟ ثُـ٤ٌ ٓضٞثكوـز دشٌـَ ًذ٤ـٌ ٓغ ثُو٤ْ ثلأمٌٟ ثُٔ٘ض٤ٔز ُ٘لِ 

ٝهو ٣ٌـٕٞ ُٜـيٙ ثُ٘ضجةــؼ صأع٤ـٌث ػ٤ٔوــج ػ٠ِ ثُنـٞثص ثلإفظجة٤ز ٓغَ . ٓؾٔٞػز ثُذ٤جٗجس

 .ثُٔضّٞؾ ثُقْجد٢ ٝثلاٗقٌثف ثُٔؼ٤ج١ً

 

 Robust statistical techniques :ثُضو٤٘جس ثلإفظجة٤ز ثُلؼجُز

صو٤٘جس ُضو٤َِ صأع٤ٌ ثُ٘ضجةؼ ثُٔضطٌكز ػ٠ِ صوو٣ــٌ ه٤ــْ ثُٔضّٞـؾ ثُقْـجد٢ ٝثلإٗقـٌثف 

ٝصْضنوّ ٛيٙ ثلأّج٤ُـخ ُضو٤ِـَ ٍٕٝ ثُ٘ضجةــؼ ثُٔضطٌكز دولا ٖٓ فيف ٛيٙ . ثُٔؼ٤ـج١ً

 .ثُ٘ضجةؼ ٖٓ ٓؾٔٞػز ثُذ٤جٗجس
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 Repeatability:  ثُضٌــٌث٣ًــز 

٠ٛ ثُوهــز صقـش ظــٌٝف ٓضٌــًٌر ،  دٔؼ٠٘ ثُظـٌٝف ثُض٢ ٣ٌٖٔ إٔ صؼط٠ ٗضجةؼ 

ثمضذجً ْٓضوَ دجّضنوثّ ٗلِ ثُط٣ٌوز ػ٠ِ ؿٌع ٌٓثه ثمضذجًٙ ٓٔجعَ صٔجٓج ك٢ ٗلِ 

 . ثُٔؼَٔ دٞثّطز ٗلِ ثُشنض ْٓضنــوٓج ٗلِ ثلأهٝثس ملاٍ كضٌر ٤ٍ٘ٓز هظ٤ٌر

 Repeatability :  (ٗضجةؼ ثُو٤جُ)صٌــٌث٣ًــز 

ٓوٟ هـٌح ثلاصلـجم د٤ٖ ٗضجةـؼ ػ٤ِٔـجس ه٤ـجُ ٓضضـجدؼز ُ٘لِ ثُٔو٤ِ صٔش صقش ٗلِ 

 .ظٌٝف ثُو٤جُ

 Repeatability :  (ؽٜجٍ ثُو٤جُ)صٌــٌث٣ًــز 

هوًر ؽٜـجٍ ثُو٤ــجُ ػ٠ِ إػطـجء ٗضجةـؼ ٓضٔجعِز ػ٘و صٌٌثً ه٤جُ ٗلِ ثُٔو٤ِ صقش 

 .ٗلِ ظٌٝف ثُو٤جُ

 Reproducibility:  صٌــٌث٣ًــز ثُ٘ضجػ

٠ٛ ثُوهز صقش ظٌٝف إٗضــجػ ٓضًٌٌر، دٔؼ٠٘  ثُظــٌٝف ثُض٢ ٣ٌٖٔ إٔ صؼط٠ ٗضجةؼ 

ثمضذجً دجّضنوثّ ٗلِ ثُط٣ٌوز ػ٠ِ ؿٌع ٌٓثه ثمضذجًٙ ٓٔجعَ صٔجٓج ك٢ ٓؼجَٓ ٓنضِلـز 

٣ٝلافــع إٔ ثُ٘ض ثُـوثٍ ػ٠ِ . دٞثّطز أشنجص ٓنضِل٤ٖ دجّضنوثّ أهٝثس ٓنضِلز

 .صٌــٌث٣ًز ثُ٘ضـجػ ٣ؾخ إٔ ٣ضؼٖٔ صقو٣و ثُظٌٝف ثُض٢ صـ٤ٌس

 :Uncertainty of measurement ثُلا٣و٤ٖ ك٢ ثُو٤جُ

ٛٞ ه٤ٔز ٌٓصذطز د٘ض٤ؾز ثُو٤جُ صقوه ٓوٟ صشضش ثُو٤ْ ثُض٢ ٣ٌٖٔ إٔ ص٤َٔ أٝ صْ٘خ 

  .إ٠ُ ثُٔو٤ِ

 :Standard Uncertainty u(xi) ثُلا٣و٤ٖ ثُٔؼ٤ج١ً

 .ُلا٣و٤ٖ ك٢ ٗض٤ؾـز ه٤ـجُ ٓؼذـٌ ػ٘ـٚ دو٤ٔـز ثٗقـٌثف ٓؼ٤ج١ً ٝثفوث
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 ::Combined Standard Uncertainty uc(y) ثُلا٣و٤ٖ ثُٔؼ٤ج١ً ثُٔؾٔغ

ثُلا٣و٤ـٖ ثُٔؼ٤ـج١ً ُ٘ض٤ؾز ثُو٤ـجُ ػ٘وٓج ٗقظـَ ػ٠ِ ثُ٘ض٤ؾــز ٖٓ ه٤ـْ ُؼـوه ٖٓ 

ث٤ٌُٔـجس ، ٝصْج١ٝ ثُو٤ٔز ثُٔٞؽذـز ُِؾـيً ثُضٌد٤ـؼ٢ ُٔؾٔــٞع ٌٓدؼــجس أؽـٌثف ف٤ـظ 

٣ؼـٌف ثُطــٌف دأٗٚ ه٤ٔــز صؼذــٌ ػٖ صلــجٝس أٝ ثمضـلاف ه٤ــْ ٛـيٙ ث٤ٌُٔـجس دؼـو صقـو٣و 

 .عوـَ صأع٤ـٌ ٛيٙ ث٤ٌُٔجس ػ٠ِ صـ٤ٌٗض٤ؾز ثُو٤جُ صذؼج ُٜيٙ ث٤ٌُٔجس

  Expanded Uncertainty U:  ثُلا٣و٤ــٖ ثُّٔٞــغ

ـٞ ٤ًٔز صقـوه ٓوٟ ُ٘ض٤ؾز ه٤ـجُ ٣ضـٞهغ إٔ ٣قظـٌ ْٗذــز ًذ٤ــٌر ٖٓ ص٣ٍٞــغ ٙ

 .ثُو٤ــْ ثُض٢ ٣ٌٔـٖ ْٗذضـٜج ُِٔـوـ٤ـِ

 Coverage factor k:  ٓؼجَٓ ثُضـط٤ز أٝ ثلآضوثه

ٝ ٓؼـجَٓ ػـوه١ ٣ْضنوّ ُٔؼجػلز ه٤ٔز ثُلا٣و٤ٖ ثُٔؼ٤ــج١ً ثُٔؾٔـغ ُِقظـٍٞ ػ٠ِ ٙ

 .3  ٝ  2ٝػـجهر ٓج صٌٕٞ ه٤ٔز ٛيث ثُٔؼجَٓ د٤ٖ  .ه٤ٔـز ثُلا٣ـو٤ـــٖ ثُٔـّٞــغ
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 أهٝثس ثُضقوــن

 Proficiency testing (PT)  ثمضذجًثس ثٌُلجءر  

 : proficiency testing (Laboratory) (ُِٔؼَٔ)ثمضذجً ثٌُلجءر 

  (2ه٤َُ ثلأ٣َٝ  )ٛٞ ه٤جُ ٌُلجءر أهثء ثُٔؼَٔ ٖٓ ملاٍ ثُٔوجًٗجس ثُذ٤ٖ ٓؼ٤ِٔز 

  Interlaboratory comparisons  :ثُٔوجًٗجس ثُذ٤ٖ ٓؼ٤ِٔز

ػ٤ِٔز ص٘ظ٤ْ ٝأهثء ٝصو٤٤ْ ثمضذجًثس ػ٠ِ ٗلِ ثُـٌع أٝ ٓغ٤ِٚ صضْ كخ ٓؼ٤ِٖٔ أٝ 

 .أًغٌ ؽذوج ُشٌٝؽ ٓٞػٞػز ْٓذوج

ٓغ ٓلافظز أٗٚ ك٢ دؼغ ثُقــجلاس ٣ٌــٕٞ أفـو ثُٔؼجَٓ ٛٞ ثُٔؼَٔ ثُي١ ٣ؼط٢ 

 assigned value forثُو٤ٔز ثُقو٤و٤ـز ثُٔضلن ػ٤ِٜج ُِـٌع أٝ ثُنجط٤ز صقش ثلامضذجً 

the test item. 

 PT Measurement comparison    ثمضذجًثس ثٌُلجءر د٘ظجّ ثُو٤جُ ثُٔوجًٕ- 1

schemes: 

 ٖٓ ٓؼَٔ ُِٔؼَٔ ثُضج٢ُ ػ٠ِ ثُضضجدغ٣ضؼٖٔ ٛيث ثُ٘ظجّ ص٣ٌٌٔ ثُـٌع ثٌُٔثه ثمضذجًٙ 

   

 PT Interlaboratory testing ثمضذجًثس ثٌُلجءر د٘ظجّ ثُٔوجًٗجس ثُذ٤ٖ ٓؼ٤ِٔز- 2

schemes: 

ٖٓ ػ٤٘ز ٝثفور ػ٠ِ ػشٞثة٢ ٓضَثٖٓ ُؼ٤٘جس كٌػ٤ز ٣ضؼٖٔ ٛيث ثُ٘ظجّ ص٣ٍٞغ 

 .ثُٔؼجَٓ ثُٔشجًًز ُلامضذجً ثُٔضَثٖٓ

 

 :PT Split-sample testing schemes ثُؼ٤٘جس ثُٔؾَأر ثمضذجًثس ثٌُلجءر د٘ظجّ- 3

صقش ثُضو٤٤ْ  (ؿجُذج ٓؼ٤ِٖٔ)٣ضؼٖٔ ٛيث ثُ٘ظجّ ٓوجًٗز د٤جٗـجس ػــوه طـ٤ــٌ ٖٓ ثُٔؼجَٓ 

. ًٔؼجَٓ صووّ موٓز ثلامضذجً
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 PT Qualitative schemes   ثمضذجًثس ثٌُلجءر ثُٞطل٤ز- 4

ه٤٤ْ أهثء ٓؼَٔ ثمضذجً ٝهوًثصـٚ ػ٠ِ صٞط٤ــق ٝؽــٞه أٝ ًـجةــٖ ٓؼــ٤ــٖ ٓغــَ س

صٞط٤ــق ٗــٞع ثلأّذْضِ أٝ صٞط٤ق ًجةٖ ف٠ ْٓذخ ٌُِٔع ُٜٝــيث ٣ٌضْخ ٗظـــجّ 

 .ثمضذـجً ثٌُلـجءر ثُظلــــز ثُٞطل٤ـــز

 

 :PT Known – value schemes  ثمضذجًثس ثٌُلجءر د٘ظجّ ثُو٤ٔز ثُٔؼِٞٓز- 5

صضؼٖٔ دؼغ ٗظْ ثمضذجًثس ثٌُلجءر إػـوثه أؿٌثع ُلامضذجً ىثس ه٤ٔز ٓؼِٞٓز 

ُِٔو٤ِ ٖٝٓ عْ ٣ٌٖٔ صو٤٤ْ هوًر ٓؼَٔ ٓج ػ٠ِ ثمضذجً ؿـٌع ٝٓوـجًٗـز ٗضـجةؾـٚ دجُو٤ٔز 

ٛيث ثُ٘ٞع ٖٓ ثمضذجًثس ثٌُلجءر لا٣ضطِخ ثشضٌثى ػوه ًذ٤ٌ ٖٓ . ثُقو٤ـوـ٤ز ثُٔضلن ػ٤ِٜج

 .ثُٔؼجَٓ

 

  : PT Partial-process schemes  ثمضذجًثس ثٌُلجءر د٘ظجّ ثُؼ٤ِٔجس ثُؾَة٤ز- 6

ثمضذجًثس ثٌُلجءر صو٤٤ْ هوًر ثُٔؼجَٓ ػ٠ِ  صضؼٖٔ ٛيٙ ثُ٘ٞػ٤ز ثُنجطز ٖٓ ٗظْ

. أهثء ؽــَء ٖٓ ثمضـذــجً شـجَٓ أٝ ػ٤ِٔز ه٤جُ ٤ًِز

:        أٓغِز

            ثُٔؼجَٓ ثُض٢ صوــّٞ دضق٤ِــَ ٝصق٣ٞـَ  

            ثُذ٤جٗجس ٝصظوً صو٣ٌٌ دولا ٖٓ إؽٌثء 

 .            ثلامضذجً أٝ ثُو٤جُ ثُلؼ٢ِ 

 .            ثُٔؼجَٓ ثُض٢ صؼو ثُؼ٤٘جس ؽذوج ُٔٞثطلجس ٓقوهر
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 ٌٓثؽغ ثُو٤جُ 

Measurement Standards 

 

ُٞطق ٓــٞثه أٝ أهٝثس صْضنـوّ ُِٔؼــج٣ٌر “ ٌٓثؽــغ ثُو٤ـجُ”٣ْضنــوّ ٓظطِـــ  .1

. أٝ صٞط٤ـق مٞثص ٓقوهر

صو٤ِو٣ج ٣ْضنوّ ٛيث ثُٔظطِـــ ُض٤ْٔـز ٓقج٤ُــَ ثُٔجهر ثُٞثفور أٓج ػ٤ِٔج ك٤ْضنوّ  .2

ٛيث ثُٔظطِـ ُض٤ْٔــز أ١ أهثر صْضؼٔــَ ك٢ ثُٔؼج٣ــٌر ُو٤ــجُ ػ٘ظٌ ٓؼ٤ٖ أٝ 

. صٞط٤ق مجط٤ز ٓقوهر

ٓغَ )صشَٔ ثٌُٔثؽــغ ثلأهٝثس ثُض٢ ٣ٌٖٔ إٔ صْضنـوّ ُٔؼج٣ٌر ٓوٟ ٤ٌُٔجس ك٣َ٤جة٤ز  .3

ٝٛ٘ج ص٠ْٔ ٛيٙ ثٌُٔثؽغ دٌٔثؽغ . (ثُضٌٓٞٓضـٌ ثُٔؼج٣ٌ ػ٠ِ ٓوٟ هًؽجس فٌثًر

 .ثُو٤جُ ثُل٣َ٤جة٤ز

 

 IIIثُٔٞثه ثٌُٔؽؼ٤ز ٝثٌُٔؽؼ٤ز ثُٔٞعوز 

Reference Materials (RM&CRM) 

 

 ٣ٌٖٔ إٔ صٌٕٞ أ١ ٓٞثه صْضنوّ ًأّجُ ٌُٔؽغ ٣ٌٖٝٔ إٔ صضؼٖٔ :ثُٔٞثه ثٌُٔؽؼ٤ز

٣َِّٝ . ثٌُٞثشق ثُٔؼ٤ِٔز ٓؼِٞٓز ثُ٘وجٝر ٝث٤ٌُٔج٣ٝجس ثُظ٘جػ٤ز أٝ ٓٞثه ط٘جػ٤ز أمٌٟ

إٔ صٌٕٞ ثُنجط٤ز ثٌُٔؽؼ٤ز ْٓضوٌر ٝعجدضز ٤ٍ٘ٓج ٝٓضؾجْٗز ك٢ ف٤ٖ إٔ ثُٔجهر ثٌُٔؽؼ٤ز 

لاصقضجػ هًؽز ػج٤ُز ٖٓ ثُضٞط٤ق ٝثلإّ٘جه ثُٔضٌُٝٞؽ٢ ٝثُضٞع٤ن ثُٔٔجعَ ُِٔٞثه 

 . ثٌُٔؽؼ٤ز ثُٔٞعوز

٣ٌٕٞ صٞط٤ق ثُنجط٤ز ٓٞػغ ثلامضذجً أًغٌ صشوهث ٝههز ك٢ : ثُٔٞثه ثٌُٔؽؼ٤ز ثُٔٞعوز

ٛيٙ ثُٔٞثه دجلإػجكز إ٠ُ ٝؽٞح ثُضظو٣ن ػ٠ِ ه٤ٔز ثُنجط٤ز دشٜجهر ٖٓ ؽٜز ٓؼضٌف 

.  دٜج صقَٔ ه٤ٔز ثُلا٣و٤ٖ ثُٔظجفذز ُو٤ٔز ثُنجط٤ز ٓٞػغ ثلاػضذجً

صو٤َِ أٝ – دووً ثلإٌٓجٕ – ٣ضْ ثُضٞط٤ق ػجهر دجّضنوثّ ؽٌم ٓنضِلز ٓضؼوهر دق٤ظ ٣ٌٖٔ 

 . فيف أ١ ف٤ٞه أٝ ثٗق٤جٍ ك٢ ػ٤ِٔز ثُضٞط٤ق
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Blanks, Samples/Test Materials, Fortified Materials/Solutions, 

Spiked Materials, Incurred Materials and Independently 

Characterized Materials 

 

ثُل ٣ض٤ـ ...ثّضنـوثّ أٗـٞثع ٓنضِلــز ٖٓ ثُٔي٣ذـجس ٝثُؼ٤٘ـجس ٝٓــٞثه ثلامضذــجً  .1

 . صوو٣ٌ إ٠ُ أٟ ٓـوٟ ٣ٌٖٔ إٔ صْ٘خ ٗض٤ؾز ثُو٤جُ ُِٔو٤ِ أٝ لأّذجح أمٌٟ

ٓـٞثه ثلامضذـجً ثُٔأمٞىر ٖٓ ػ٤٘جس فو٤و٤ز صل٤ـو ك٢ صٞك٤ـٌ ثُٔؼِٞٓـجس ػٖ صأع٤ـٌ  .2

. صوثمـَ ػـٞثٓـَ أمٌٟ ٝثهؼ٤ز ٗٞثؽٜٜج ك٢ ثُؼَٔ ث٢ٓٞ٤ُ

ٖٓ ثُظؼخ ٓؼٌكز ثٗق٤ـجٍ أٝ ف٤ٞه ٗضجةؼ ؽ٣ٌوز دوٕٝ ٓؼـٌكز ثٌُٔٞٗجس ثُقو٤و٤ز  .3

ٓغــَ )ٝإىث ًجٗش ٓـجهر ٓج هو صْ صقو٣و مٞثطٜج دّٞجةَ أمـٌٟ . ُِٔجهر ثُٔنضذٌر

كئٗٚ ٣ٌٖٔ ثّضنـوثّ صِي ثُٔجهر  (ثّضنـــوثّ ؽ٣ٌوــز  ٣ٌٔـٖ إٛٔـــجٍ ثٗق٤ـجٍٛج

ًٔـجهر ٌٓؽؼ٤ــز ٖٝٓ عْ ٣ٌٖٔ ٖٓ مـلاٍ كقـض ٗضجةــؼ ثُط٣ٌوز ه٤و ثُضقون صو٤٤ْ 

 .ثٗق٤جٍ ثُط٣ٌوز ٓوجًٗز دنجط٤ز ثُٔجهر ثٌُٔؽؼ٤ز

 

  Replicatesثُْ٘ل ثُٔطجدوز

إىث ثّضنــوٓش ؽ٤ــوث كـئٜٗــج صؼـــط٢ ثُوـجةـْ دجُو٤جّـجس ٝثُضقج٤ُـَ ث٣َُٔـو ٓـٖ  .1

 . ثُٔؼِـٞٓـجس ثلإفظجة٤ز ثُؼ٤٘ٔز ثُنجطـز دؼ٤ِٔز ه٤ـجُ ٓقوهر

٣ؾـخ صظ٤ٔـْ ثُضؾـجًح ثُض٢ صْضنوّ ْٗــل ٓضطـجدوز دق٤ظ صأمـي ك٢ ثلاػضذــجً  .2

ًَ ثُضـ٤ـٌثس ك٢ ظٌٝف ثُضشـ٤ـَ ثُٔضٞهغ فوٝعٜج ملاٍ ثلاّضؼٔجٍ ثٌُٝص٢٘٤ 

ُط٣ٌوز ثُو٤جُ أٝ ثُضق٤َِ 

 .ثُٜــوف ٛٞ صقو٣ـو ثُضـ٤ـٌثس ثُٞثهؼ٤ز ٤ُِٝ ثُقو ٖٓ فوٝط صِي ثُضـ٤ٌثس .3
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 ٝثُضٞع٤نّضنوثّ ثلا

 ثّضنوثّ ثُطٌم ثُٔقووز 

 : ُِٞطٍٞ ُلأهثء ثُٔوذٍٞثُضج٤ُزثُؼجٓز ػ٘و ثّضنوثّ ؽ٣ٌوز ٓقووز ٣ؾخ ثصذجع ثُوٞثػو 

ر إٔ ٣ؼٌق ػ٠ِ ثُضؼٌف ػ٠ِ ــثٍ ثُط٣ٌنــ ثّضؼْٙٝؽ حــٍ ثُٖٔـػ٠ِ ك٣ٌن ثُؼْ .1

ر ــ٢ٗـس فـجٝثس ٝثفض٤جؽـًٝف د٤ت٤ــز ٝمؾـٝثه ٝظـ ٖٓ أؽَٜر ّٝرثُؼ٘جطٌ ثٌُٕٔٞ

٣ًوز ـٝثس ثُؾـؿ مؾـٕ إٔ صٞعـ دشٌَ ؽ٤و هذَ ثُؼَٔ دٜج لأٍٝ ٌٓر ٣ْٝضقِرٝثؽخ

 .٣ٌ دجُط٣ٌوزـثٕ ػ٢ِٔ ٖٓ مخــدذ٢

ً ُٝظ٤ن دجّضنــوثّ ػ٤٘ــجس ـصْضنوّ ثُط٣ٌوز ك٢ دجها ثلأٌٓ صقش إشٌثف ٓذجٓ .2

صؾ٣ٌذ٤ز أٝ ٓٞثه ٌٓؽؼ٤ز  ػ٠ِ إٔ ٣ضوًػ صطذ٤ــن ثُط٣ٌوز صقش إشٌثف ػٖ دؼو 

. ر ثٌُجك٤ــز لأهثء ثُؼَٔ دوٕٝ إشٌثف ًؼَٔ ًٝص٢٘٤ـفض٠ ٣ظَ ك٣ٌن ثُؼَٔ إ٠ُ ثُغن

ًف دئٓؼـــجٕ ػ٠ِ ثُط٣ٌوــز ٝصوًُ ثلأّــــجُ ـى إٔ صضغـٝثٍ ػ٢ِـع ثلأؿـٝك٢ ؽ٢ٔ .3

ه أ٣ٖ ـث ُضقو١ـٍ ص٘ل٤يٙـٍ ٝصضوًح ػ٠ِ ٌٓثؿـ١ً ُؼ٤ِٔز ثُو٤جُ أٝ ثُضق٢ِــثُ٘ع

 .٣ؾخ ثُضٞهق ف ٝٓض٠ ٣ٌٖٔ ثّضت٘جف ثُو٤جُ ٝٓض٠ لاـٕ ثُضٞمـ٣ٔي

 ثلأؽَٜر ثٌُٔثه ثمضذجًٛج ك٢ ػ٤ِٔز ثُو٤جُ ثُؼ٤٘ـجس أٝ ًٔج ٣ؾخ ثُضوو٣ٌ ثُؾ٤و ُؼوه .4

. ثُٞثفور كٖٔ ثلأكؼَ ثُضؼجَٓ ٓغ ػوه ٓ٘جّخ ػ٘و إؽٌثء ثُو٤جُ أٝ ثلامضذجً

٣ي ـم ٌَُ ٓج ٣َِّ ُض٘قـٖٝٓ ٗٞثكَ ثُوٍٞ إٔ ٗٞط٤ي دجُضنط٤ؾ ٝثُضقؼ٤ٌ ثُْٔخ .5

  .ثُط٣ٌوز هذَ ثُذوء

إىث ًجٕ ٖٓ ثُؼ١ًٌٝ إٔ ص٤ٌق أٝ صـ٤ٌ ؽ٣ٌوز ٓؼَٔ آمٌ ٓقووز كئٗٚ لادو ٖٓ إػجهر  .6

٣ٝضٞهق ثُقٌْ ػ٠ِ ٗضجةؼ . ثُضـ٤٤ٌ ثُضقوـن ٖٓ طقــز ثُط٣ٌوــز دؼو ثُض٤٤ٌق أٝ

 .ثُضقون ٖٓ طقز ثُط٣ٌوز ثلأط٤ِز صذؼج ُطذ٤ؼز ثُضـ٤٤ٌثس ثُض٢ أهمِش ػ٠ِ ثُط٣ٌوز
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 صٞع٤ن ثُطٌم ثُٔقووز ُٔجىث ؟

 :ٖٓ ثلأ٤ٔٛـز دٌٔـجٕ إٔ صٞعن ثُط٣ٌوز دؼو إٔ ٣ضْ ثُضقون ٖٓ طقز ٗضجةؾٜج ٤ُضقون ثُضج٢ُ

 ُص٘ل٤ي ثُط٣ٌوز دٞػٞؿ ٝدوٕٝ ثُضذج. 

 ثّضنوثّ ثُط٣ٌوز ؽذوج ُ٘لِ ثُنطٞثس ًَ ٌٓر. 

 ثُقو ٖٓ ٓوٟ فوٝط صـ٤٤ٌثس ػجًػز ػ٠ِ ثُط٣ٌوز. 

 ًْلجءر أهثء ثٌُٔثؽؼجس ػ٠ِ ثُط٣ٌوز ٝأؿٌثع ثُضو٤٤. 

 صِذ٤ز ثفض٤جؽجس ثلأؿٌثع ثُضؼجهو٣ز أٝ ثُضش٣ٌؼ٤ز. 

 ٓؼٌكز صأع٤ٌ ثُط٣ٌوز ػ٠ِ صٌٌث٣ًز ٗضجؽٜج ٝثُضوو٣ٌ ثُٔضٞهغ ُلا٣و٤ٖ ثُٔظجفخ ُِ٘ضجةؼ. 

  ؟٤ًق صٞع٤ن ثُطٌم ثُٔقووز ، 

 ٣ؾخ إٔ صٌضخ ثُٔؼِٞٓجس دجُضٌص٤خ ثُي١ ٣ضٞهغ إٔ ٣قضجؽٚ  ْٓضنوّ ثُط٣ٌوز ثُٔٞعوز. 

  ثُٔل٤و ػ٘و ثمضذجً ؽـٞهر صٞع٤ن ثُط٣ٌوــز إٔ ٣٘لي ثُنطٞثس ثُٔٞعوز شنض ًلؤ ًٔج ٖٓ

 . ص٘ـض ػ٤ِٜج ثُط٣ٌوز فٌك٤ج

  ًّؿـْ أٗـٚ ٓـٖ ثُْٔضقْـٖ إٔ صٌــٕٞ ًـَ ثُطــٌم ٓٞعوز ؽذوج ُ٘ٔٞىػ أٝ شٌَ ػج

ٓٞفـو إلا أٗٚ ٖٓ ثُٔؼٔــٍٞ دٚ أ٣ؼــج ألا صؼــط٢ ًـَ ثُطــٌم ٗلــِ ثُـوًؽـز ٖٓ 

 .ثُضلـجط٤ـَ ًٝغ٤ــٌث ٓج ٣ٌـٕٞ ٓلاةـٔـج فيف دؼغ ثلأؽَثء ٖٓ ثُٞع٤وز

  صٌـٕٞ ثُطــٌم ثُٔـٞعوـز ؽـَءث ٛـجٓج ٓـٖ ٗظـجّ ثلإهثًر دجُٔؼَٔ ٖٝٓ عْ ٣ؾخ إٔ صنؼـغ

 .ُوًؽزٓ٘جّذز ٤ُِْطٌر ٝثُضقٌْ

  ٣ؾخ إٔ صقض١ٞ ثُطٌم ثُٔٞعوز ػ٠ِ ثُٔؼِٞٓـجس ثُض٢ صٌٖٔ ثُْٔضنوّ ٖٓ ٓؼٌكز ٓج إىث

ًٔج ٣ؾخ إٔ صقَٔ ثُط٣ٌوز ًهْ . ًجٗش ثُط٣ٌوز ثػضٔوس ُلاّضنوثّ ٝٓج إىث ًجٗش ًجِٓز

 .ثلإطوثً ٝصج٣ًنٚ ٝإّْ ثُٔــؤُق ٝػوه ثُْ٘ل ثُٔطذٞػز ٝأٟ ه٤ٞه ػ٠ِ ْٗنٜج

  هو صقضجػ ثُط٣ٌوز إ٠ُ ثُضقو٣ظ ٖٓ ٝهش ٥مٌ ٝػ٘وٛج ٣ؾخ ألا ٣وّٞ دئؽٌثء ٛيث ثُضقو٣ظ

 .أٝ ثُضؼو٣لاس إلا ثلأشنجص ثُٔن٤ُٖٞ ِّطز ىُي
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 Uncertainity الـلايقيـن

 

: ٓظجهً ثُلا٣و٤ٖ- 1

 .٣ؾخ إٔ ٣ؼٌكٜــج مذـــٌثء ثُو٤ــجُ ًـَ ك٢ ٓؾـــــجٍ صنظظٚ ٖٓ ٝثهغ كْٜٜٔ ُ٘ظْ ثُو٤جُ

 ثُٔؼٌكــز ثُٔ٘وٞطز ُ٘ظــْ ثُو٤جُ هو صؤه١ إ٠ُ ٗضجةؼ صذـوٝ ٓؼوـُٞز ٌُٝ٘ـٜج ؿ٤ٌ طق٤قز

: ثُٔؼج٣ٌثس ث٤ٔ٤ٌُجة٤ز

 ثُلا٣و٤ٖ ثُٞثًه ك٢ شٜجهثس ٓؼج٣ٌر ثُٔؼج٤٣ٌ ثٌُٔؽؼ٤ز 

 ُثُلا٣و٤ٖ ك٢ أفؾجّ ِٓب ه٤٘٘ز ثُو٤ج 

 ك٢ ه٤جّجس ثُقؾّٞ ٝثلأٍٝثٕخأذير اهغرّف اهتيئيج  

 ( فؾّٞ –أٍٝثٕ  ) خنراريج أجِزث اهليبس 

 اهلايليً في ٌلبّث اهيّاد اهيرجؾيج 

 ثُلا٣و٤ٖ ك٢ ص٤ًٌَ ثُٔقج٤َُ ثُؼ٤ج٣ًز

 :ثُؼٞثَٓ ثُٔشضًٌز

ثُلا٣و٤ٖ ثُٞثًه ك٢ شٜجهثس ٓؼج٣ٌر ثُٔؼج٤٣ٌ ثٌُٔؽؼ٤ز  .1

صأع٤ٌ ثُظٌٝف ثُذ٤ت٤ز  .2

صٌٌث٣ًز ؽٜجٍ ثُو٤جُ  .3

ثلأمطجء ث٣ٌُجػ٤ز  .4

  (ؽ)ُضو٣ٌخ ٝثُلٌٝع       ث
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صٞك٤ن ثُٔ٘ق٤٘جس / ثُؾوثٍٝ ثُو٤ج٤ّز       

أمطجء ثُضو٣ٌخ        

 4ً3     ←    35ً3  ←      346ً3          :           ٓغجٍ

 3ر3  ←    346ً3          :          ٌُٖٝ

 ثُغذجس ٓغ ثَُٖٓ              

 : ثُِٔنـــض

ٝإٕ ًجٕ ٛ٘جى ػٞثَٓ ٓشضًٌز  صضٞهق ثُٔظجهً ػ٠ِ ثُٔؾجٍ .1

فض٠ ُٝٞ ُذ٤جٕ ػوّ صأع٤ٌ دؼؼٜج  ٣َِّ أميٛج ؽ٤ٔؼج ك٢ ثلاػضذجً .2

  ثُذ٤جٗجس هو صؼضٔو ػ٠ِ ؽ٣ٌوز ٓؼجُؾز .3

ثُضظ٤٘ـــــق 

: ؽــــٌٍ ثُـلا٣ـوـ٤ـٖ

   ٍؽٌثA 

   ٍؽٌثB 

 ٍصوو٣ٌ ؽٌث A : 

.  ثُٔضًٌٌر دجّضنوثّ ثُطٌم ثلإفظجة٤ز  ٣ضْ دجُقْجدجس ٖٓ ِِّْز ٖٓ ثُٔلافظجس

 ؽٌثٍ هو٣ٌس B : 

 Aثُطٌثٍ  فٕ خلدٖر ٣ضْ دطٌم أمٌٟ ؿ٤ٌ ثُطٌم ثُْٔضنوٓز 
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 :Bثُؼٞثَٓ ثُوثمِز ك٢ صوو٣ٌؽٌثٍ 

 ثُذ٤جٗجس ك٢ شٜـجهثس ثُٔؼـج٣ـٌر 

  ه٤جّـجس ّجدوـز  (ٗضـجةؼ)د٤جٗجس

  ثُنذـٌر ٝثُٔؼـِـٞٓــجس ثُؼـجٓــز

  ه٤ـْ ٓوذــُٞــز ُغـٞثدـش ٓؼ٤ـ٘ــز

  ٓـٞثطلــجس ثُشًٌــز ثُٔظ٘ؼز

  أٟ ٓؼِٞٓجس ىثس طِز دجُؼ٤ِٔز

  ٍؽٌثA  ,   ٍؽٌثB 

٣ٌٖٔ ثُضؼذ٤ٌ ػٖ ًلاٛٔج ًجٗقـٌثف ٓؼ٤ـج١ً دجّضنــوثّ ٓؼجٓـَ ٓ٘جّخ ٣ؼضٔو ػ٠ِ 

 .ص٣ٍٞغ ثفضٔج٢ُ ٓلضٌع 
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صؾ٤ٔـــغ ٌٓٞٗـــجس ثُــلا٣ـوـ٤ــ٤ٖ 

أمي ٓظجهً ثلأمطجء ثُٔقضِٔز ثُضج٤ُز ك٢ - ػ٠ِ ثلأهَ–ك٢ صو٤٤ْ ٌٓٞٗجس ثُلا٣و٤ٖ ٣َِّ 

 :ثلاػضذجً

  ثُضـ٤ٌ ثُذط٢ء ك٢ ه٤ٔز ثُلا٣و٤ٖ )ه٤ٔز ثُلا٣و٤ٖ ثُٔؼطجر ٌُٔؽغ ثُو٤جُ ٝأ١ ث٤ْٗجم

.   ك٢ هٌثءثس ثٌُٔؽغInstability  أٝ أ١ ػوّ عذجس   Drift   (أٝ هٌثءثس ثٌُٔؽغ

  ّثلأؽَٜر ثُْٔضنوٓز ك٢ ثُٔؼج٣ٌر أٝ ثُو٤جّجس دٔج ك٢ ىُي دؼغ ثٌُٔٞٗجس ُ٘ظج

. ثُو٤جُ ثُْٔضنوّ ثُض٢ ٣ٌٖٔ إٔ صؤعٌ ػ٠ِ هٌثءثس ٗظجّ ثُو٤جُ ٓغَ ًجدلاس ثُضٞط٤َ

  ُػ٠ِ ّذ٤َ ثُٔغجٍ هٞر ثُضق٤َِ ٝثُضـ٤ٌ ثُذط٢ء ك٢ )ثلأؽَٜر ه٤و ثُٔؼج٣ٌر أٝ ثُو٤ج

 (ه٤ٔز ثُوٌثءثس أٝ ػوّ عذجس ك٢ هٌثءثس ثُؾٜجٍ أع٘جء ٓؼج٣ٌصٚ

   َؽ٣ٌوز ثُضشـ٤Operational Procedure .

 صأع٤ٌ ثُظٌٝف ثُذ٤ت٤ز ػ٠ِ أ١ ٖٓ أٝ ًَ ثُؼٞثَٓ ثُْجدوز. 

 :ٝثُضؼذ٤ٌ دو٤ٔز ثُٔؾٔٞع ثُقْجد٢ ػٖ ه٤ٔز ثُلا٣و٤ٖ ث٤ٌُِزثُؾٔغ ثُقْجد٢ 

  أَّٜ ثُطٌم ٝأًغٌٛج ٝػٞفج ُضؾ٤ٔغ ٓوجه٣ٌ ثُلا٣و٤ٖ ثُْٔجٛٔز ك٢ ه٤ٔز ٖٓ

 ثُلا٣و٤ٖ ث٤ٌُِز 

 ّ٣ٔضجٍ دجٌُْػز ٝثُُْٜٞز ٝإػلجء ْٓضٟٞ ػجٍ ٖٓ ثُغوز دشٌَ ػج 

  ك٢ ٓوٟ ه٤ٔز ثُلا٣و٤ٖ ث٤ٌُِز ك٢  % 100دجُ٘ظٌر ثلأ٠ُٝ ثٗطذجػج دوًؽز عوز صذِؾ

. ٗضجةؼ ثُو٤جُ

 ػ٤ٞحُْ صؼو ٓوذُٞز ث٥ٕ ُٔج ُٜج ٖٓ      

 :ػ٤ٞحأٍٝ ٛيٙ ثٍ

ر ٓؤعٌر ػ٠ِ ٗضجةؼ ـأٗٚ ٖٓ ؿ٤ٌ ثٌُٔؽـ ػ٘و صؾ٤ٔغ ثلأمطجء ثُ٘جشتز ٖٓ ٓظجهً ٓنضِق

دق٤ظ صؼجف  (ر أٝ ٓٞؽذزـّجُخ)ثه٣ٌٛج ٝإشجًصٜج ثُقْجد٤ز ـػ٤ِٔز ثُو٤جُ إٔ صٌٕٞ ٓن

–٣ؼ٢٘ ثُقظٍٞ دٔج  ث ثُذؼغ ُضظَ إ٠ُ ثُو٤ٔز ثُؼظ٠ٔ ثُقو٣زـً إ٠ُ دؼؼٚـٛيٙ ثُٔوجه١

 .رثُلا٣و٤ٖ ثُٔقْٞدزــ ػ٠ِ صوو٣ٌ ٓضشجةْ ُو٤ْ–ػ٠ِ ٗقٞ ؿ٤ٌ ٓلاةْ ٝدشٌَ هثةْ 
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 :ػ٤ٞح ٛيٙ ثٍعج٢ٗ

ٖٝٓ عْ كئٗٚ دجُضذؼ٤ز إىث أػ٤لش ثُ٘ضجةؼ ثُْٔضذؼور دجُقوُ إ٠ُ ٓوٟ ثُ٘ضجةؼ ثُٔقض٣ٞز 

٤ٌُِٔز " ثُو٤ٔز ثُقو٤و٤ز"ػ٠ِ ثُٔظجهً ثلأمٌٟ ُلأمطجء كئٕ ٛ٘جى ثفضٔجلا ػت٤لا إٔ صوغ 

ثُٔلضٌع  ( %100)ٝدٔؼ٠٘ آمٌ كئٕ ْٗذز ثُغوز . ثُٔوجّز مجًػ ه٤ٔز ثُلا٣و٤ٖ ثُٔيًًٞر

ٝدجُضج٢ُ كئٕ .ثُٞطٍٞ إ٤ُٜج ػٖ ؽ٣ٌن ثُٔؾٔٞع ثُقْجد٢ ٌُٔٞٗجس ثُلا٣و٤ٖ لا ٣ٌٖٔ صقو٤وٜج

" ثُو٤ٔز ثُقو٤و٤ز"عوز ك٢ إٔ  (ْٗذز)ثّضنوثّ ثُٔؾٔٞع ثُقْجد٢ لا ٣ٌٖٔ ٓؼٚ صقو٣و هًؽز 

 .٤ٌُِٔز ثُٔوجّز صوغ هثمَ فوٝه ه٤ٔز ثُلا٣و٤ٖ ثُٔيًًٞر

 : ثُطٌم ثلإفظجة٤ز

 ٤ُْش ؽٌم ٓغج٤ُز، ف٤ظ صؼضٔو أف٤جٗج ػ٠ِ أٗٞثع ٖٓ ثُض٣ٍٞغ ثلافضٔج٢ُ ثُـ٤ٌ

ر ٌُٜٝ٘ج صْٔـ دو٤ْ ٓؼوُٞز ُِو٤ٔز ث٤ٌُِز ُلا٣و٤ٖ ــــٝثص ٓؼ٤ٖــث٢ُ ُِقظٍٞ ػ٠ِ كـٓظ

  .دوًؽز ثُغوز ثُٔظجفذز

ٜٗؾج  ٣ذوٝ ٓٞػٞع ثُلا٣و٤ٖ ك٢ ٗضجةؼ ثُو٤جُ ٓٞػٞػج ٓؼووث ُٜٝيث ٣ٜ٘ؼ ه٤َُ ثلأ٣َٝ

  ُٔٞػٞع ٣ْضقن ثُضِن٤ضثٓ٘طو٤ج ك٢ ص٘جٍٝ 

ه٤ٔز :   ُؼ٤ِٔز ثُو٤جُ ٓغَ  Input Quantity  (ٓومَ)إٔ ٛ٘جى ٤ًٔز ٓومِز  (أ)

ثُلا٣و٤ٖ ك٢ شٜجهر ٓؼج٣ٌر ثُؾٜجٍ ثُْٔضنوّ ك٢ ثُو٤جُ أٝ صأع٤ٌ هًؽز فٌثًر ثُذ٤تز 

٣ٝضْ ثٌَُٓ ُٜيٙ ث٤ٌُٔز .ثُٔق٤طز أٝ صٌٌث٣ًز ػ٤ِٔز ثُو٤جُ أٝ صٌث٤ًخ ٖٓ صِي ثُؼٞثَٓ

 ٛ٘جى أًغٌ ٖٓ ٤ًٔز ٓومِز كٌَ٘ٓ ٤ٌُِٔز – ػجهر –  ُٝٔج ًجٗش   xثُٔومِز دجٌَُٓ  

  .   xIدجٌَُٓ  

 ف٤ظ ٣ؼٌف ثُلا٣و٤ٖ   (xI)دجٌَُٓ   ٣ٔغَ xIثُلا٣و٤ٖ ثُٔؼ٤ج١ً ٤ٌُِٔز ثُٔومِز  (ح)

٣قْخ ٓووثًٙ  One Standard Deviationثُٔؼ٤ج١ً دأٗٚ ثٗقٌثف ٓؼ٤ج١ً ٝثفو 

  صضٞهق ه٤ٔضٚ ػ٠ِ   (Divisor)دؤْز ه٤ٔز ثُلا٣و٤ٖ ك٢ ث٤ٌُٔز ثُٔومِز ػ٠ِ ٓؼجَٓ  

٣ٌٖٝٔ فظٌ . (ص٣ٍٞغ ٓغِظ / ص٣ٍٞغ ْٓضط٤َ / ؽذ٤ؼ٢ ص٣ٍٞغ)ص٣ٍٞغ ثفضٔج٢ُ ٓلضٌع 

 :ه٤ْ ثُٔؼجَٓ لأٗٞثع ثُض٣ٍٞغ ثٌُٖٔٔ ثكضٌثػٜج ٝكوج ُطذ٤ؼز ػ٤ِٔز ثُو٤جُ ك٢ ثُضج٢ُ

 1                          ثُض٣ٍٞغ ثُطذ٤ؼ٢          

 2            ( k = 2 )ثُض٣ٍٞغ ثُطذ٤ؼ٢           

   √3                         ص٣ٍٞغ ْٓضط٤َ            
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  √6                               ص٣ٍٞغ ٓغِظ          

  √U            2ص٣ٍٞغ  ػ٠ِ شٌَ فٌف           

ُؼ٤ِٔز ثُو٤جُ دجٌَُٓ  (ثُو٤ٔز ثُضوو٣ٌ٣ز ٤ٌُِٔز ثُٔوجّز/ ثُنٌػ )٣ٌَٓ ٤ٌُِٔز ثُٔنٌؽز  (ػ)

y 

:   cIٓؼجَٓ ثُقْج٤ّز  (ه)

 صٌٕٞ ٝفوثس ث٤ٌُٔز ثُٔومِز ػ٠ِ ػ٤ِٔز ػ٘وٓج.ٓؼجَٓ صق٣َٞ ٖٓ ٝفور إ٠ُ أمٌٟ

: ثُو٤جُ ؿ٤ٌ ٝفوثس ث٤ٌُٔز ثُٔنٌؽز

 / ٝفور أؽٞثٍ) أفو ثُؼ٘جطٌ ثُٔؤعٌر ػ٠ِ ػ٤ِٔز ه٤جُ ٓغَ ٓؼج٣ٌر هٞثُخ ثُو٤جُ : ٓغجٍ

ٓؼجَٓ  ك٢ ٓغَ ٛيٙ ثلأفٞثٍ ٣َِّ إهمجٍ.(ٓت٣ٞز هًؽز)ٛٞ صأع٤ٌ هًؽز ثُقٌثًر  (٤ِِٓٔضٌ

     y ٝث٤ٌُٔز ثُٔنٌؽز  xIفْج٤ّز دق٤ظ ٣ٌٖٔ ثٌُدؾ د٤ٖ ث٤ٌُٔز ثُٔومِز 

ث١ً ـٕ ٓؼ٢ـٍ لا ٣و٢ـ١ شيفـ  xI  رــر ٌَُ ٤ًٔز ٓومَـثس ثُٔنٌػـ ث٣٢ٌُٔضْ  صؾ٤ٔـغ( ٝ)

٣ضْ صؾ٤ٔؼْٜ دأمي ثُؾيً ثُضٌد٤ؼ٢ ُٔؾٔٞع ٌٓدؼجس ٛيٙ ثُو٤ْ  (ثٗقٌثف ٓؼ٤ج١ً ٝثفو)

 ٕ ثُٔؼ٤ج١ًـر ُلا٣و٢ــر ث٢ٌُِـ١ ثُو٤ْـثُضٌد٤غ ىًــــ١ ٛيث ثُؼــ٣ٝؼؾ. ث١ًـــٕ ثُٔؼ٢ــُلا٣و٢

Uc (y) Combined standard uncertainty (ٍ)  

  ٣ٌٓـَ ُٜـج دجٌُٓـَ .Expanded Uncert ه٤ٔز ّٓٞؼز ُلا٣و٤ٖ   

U = k uc(y) 

 ثُٔؼذٌ ػٜ٘ج  uc(y)ر ثُلا٣و٤ٖ ثُٔؼ٤ج١ً  ـثهر ه٤ْـ  k١َُهه١  ـثَٓ ثُغـهثّ ثُٔغـّ ثّضلـ٣ش

 لا ٣ؼط٠ هًؽز ًجك٤ز ٖٓ ثُغوز ُـجُذ٤ز أؿٌثع ف٤ظك٢ طًٞر ثٗقٌثف ٓؼ٤ج١ً ٝثفو 

 .صوغ هثمَ ثُو٤ْ ثُٔقوهر ُلا٣و٤ٖ" ثُو٤ٔز ثُقو٤و٤ز"ثُو٤جُ ك٢ إٔ 

 

   %95   ُ٘قظَ ػ٠ِ ْٗذز عوز فٞث٢ُ  k=2َٓ  ـــًثع ٣ْضغــثلاس ٝثلأؽـٝك٢ أؿِخ ثُـ

 ٝػ٘وةي صٌضخ ٗض٤ؾز ثُو٤جُ ػجهر ك٢ ثُشٌَ  (ؿ)

y +/- U.   

هه١ ـــثَٓ ثُغـــر ثُٔغــــه٣و ه٤ْــً ػٖ ٗضجةؼ ثُو٤جُ دوٕٝ صـــىث ثُضؼذ٢ـــلا ٣ٌضَٔ ٙ

 . ًٝيُي د٤جٕ ْٗذز ثُغوزUٕ  ـه٢ــر ُلا١ــــّٝغـــثُْٔضنوّ ك٢ صقو٣و ثُو٤ٔز ثُْ



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 109 - 

 

 

ٗٔٞىػ ؽوٍٝ ٓٞثٍٗز ثُلا٣و٤ٖ 

 

 ٓظوً ثُلا٣و٤ٖ

 

 ثُو٤ٔز

x
I

 

± 

ثُض٣ٍٞغ 

 ثلافضٔج٢ُ

ٓؼجَٓ 

 ثُؤْز

 

ٓؼجَٓ 

 ثُقْج٤ّز

c
i
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v
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 ثُو٤ٔز ث٤ٌُِز ُلا٣و٤ٖ

 ثُٔؼ٤ج١ً

u
c
(y) 

      

 ثُو٤ٔز ثُّٔٞؼز ُلا٣و٤ٖ

U = k u
c(y)  

 

k=2 
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ٗضجةؼ ثُو٤جُ صق٤َِ 

: ثُٜــوف

 :إ٠ُ ػ٤ِٔجس صق٤َِ ٝٓوجًٗجس ٗضجةؼ ثُو٤جُ صٜوف

 ُضؼٌف ػ٠ِ ٓوٟ ههز ثُو٤جُ ك٢ ًَ ٓؼَٔ ٖٓ ثُٔؼجَٓ ثُض٢ ٣شِٜٔج ثُ٘ظجّ ثُو٢ٓٞ ث

 ُِو٤جُ مجطز صِي ثُض٢ صطِخ ثػضٔجه ٓؼجِٜٓج ٝصو٤٤ٜٔج د٤ٖ ثُق٤ٖ ٝث٥مٌ

 َٓصؼ٤٤ٖ ه٤ٔز عجدش ك٣َ٤جة٢ ٖٓ ٗضجةؼ ٓؾٔٞػز ٖٓ ثُٔؼج 

 ٌٟٓوجًٗز ثُو٤ْ ثُٔضّٞطز ُٔؾٔٞػز ٖٓ ثُضؾجًح دو٤ٔز ػ٤ج٣ًز أم 

  ًك٢ ٓوٟ .. ٓؼج٣ٌر ك٢ ٗشجؽ ٓؼ٤ٖ / ثلاػضٌثف ثُٜٔ٘ؾ٢ دٌلجءر ثُٔؼَٔ ك٢ إؽٌثء ثمضذج

٣ظَ ٛٞ . دْٔضٟٞ عوز ٓؼِٖ ؽذوج ُِٔٞثطلجس ثُو٤ُٝز . دوًؽز ههز ٓؼٌٝكز . ه٤جُ ٓقوه 

 .ثُٜوف ثُذجًٍ

: ثُطـــــٌم

أًغٌ ثُطٌم ش٤ٞػج ٝثّضنوثٓج ك٢ ػِْ ثُٔضٌُٝٞؽ٤ج ُِٔوجًٗز د٤ٖ ثُ٘ضجةؼ ثُٞثًهر ٖٓ ٓؼجَٓ 

 :ٓنضِلز ٝؽٌم ٓنضِلز ُ٘لِ ثُٔو٤ِ

  ثُط٣ٌوز ثلأ٠ُٝ(ANOVA                                                )  

  (ثمضذجً ك٤شٌ  )ثُط٣ٌوز ثُغج٤ٗز 

  (ثمضذجً ثٌُلجءر  )ثُط٣ٌوز ثُغجُغز 

  (ٜٓ٘ؾ٤ز ثلاّضذؼجه  )ثُط٣ٌوز ثٌُثدؼز 

  ثُط٣ٌوز ثُنجْٓز( X-Bar Chart )  

  (ٓنططجس ثُضقٌْ  )ثُط٣ٌوز ثُْجهّز 

  (ثُٔوجًٗز ثُٔذجشٌر ُِ٘ضجةؼ  )ثُط٣ٌوز ثُْجدؼز 
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 ANOVAثُط٣ٌوز ثلأ٠ُٝ  

  ثُ٘ض٤ؾز  (ُٔوجّـزث)إفوٟ ثُطٌم ثلإفظجة٤ز ثُض٢ صٜوف إ٠ُ ٓوجًٗز ًَ ٖٓ ثُ٘ض٤ؾز ٝ

دٔؼ٠٘   ( ؿ٤ٌ ٓضٞثكو٤ٖ ٓؼجأّ   .. ٓضٞثكوجٕ ٓؼج) ٝثُقٌْ ػ٤ِٜٔج َٛ ٛٔج  ( ثُؼ٤ج٣ًز)

 .آمٌ إعذجس ٓوٟ صشجدٚ ثُ٘ض٤ؾض٤ٖ ٖٓ ػوٓٚ

  ػًٌٝر إٔ صٌٕٞ ؽ٤ٔغ ثُ٘ضجةؼ ثُْٔؾِز دجُٔؼَٔ ك٢ ٗلِ ثُظٌٝف ثُذ٤ت٤ز ٝثُٔؼ٤ِٔز

 .ٝ ثُضؾ٣َ٤ٜز هوً ثلإٌٓجٕ صؾ٘ذج ُٞؽٞه ٓظجهً ثُنطأ ثٌُص٤خ

 F Test إمضذجً ك٤شٌ  –ثُط٣ٌوز ثُغج٤ٗز 

  ؽ٣ٌوز  ثٍثلأ٠ُٝ . صٜوف ثُط٣ٌوز دشٌَ أّج٢ّ إ٠ُ ٓوجًٗز ؽ٣ٌوض٤ٖ ُِو٤جُ دذؼؼٜٔج

ثُغج٤ٗز ثُض٢ أؽ٣ٌش دٔؼَٔ ػ٤ج١ً ٌٓؽؼ٢ ُضقو٣و ه٤ٔز ٗلِ ٝ ٝ ثُضو٤٤ْ ُضقونصقش ث

 .ثُٔو٤ِ

  ؟َٛ ثُط٣ٌوضجٕ ٓضٔجعِضجٕ ُٜٝٔج ٗلِ ثُوهز. :ّؤثٍثٍ صؾ٤خ ٛيٙ ثُط٣ٌوز ػ٠ِ 

  إمضذجً ثٌُلجءر–ثُط٣ٌوز ثُغجُغز 

  ُضقو٣و ٓوٟ إٌٓج٤ٗز ثػضٔجهٙ ك٢ ه٤ٔز ٓقوهر ٝ ٓوجّز  إؽٌثء ثمضذجً ثٌُلجءر ُِٔؼجَٓ

  ٝصل٤و ٛيٙ ثُط٣ٌوز ثُٔؼجَٓ ثُض٢ صٌؿخ ك٢ ثػضٔجهٛج ه٤ُٝج ػ٘و ه٤ٔز ٓوجّز ٓؼ٤٘ز أ

ثُٔؼَٔ ثُي١ هو صْ ثػضٔجهٙ دجُلؼَ ْٓذوج ٌُٖ ٣ٌثه إؽٌثء ٓضجدؼز ُٚ ُِضأًو ٖٓ ثّضٌٔث٣ًز 

 .صقو٤وٚ ُٔذوأ ثلاػضٔجه

  إٗٔج صضطِخ كوؾ  ثُط٣ٌوز ػ٤ِٔجس إفظجة٤ز ٓؼوور أٝ ًّٞٓجس د٤ج٤ٗز ٝملاكٚلاصضطِخ: 

ٓؼٌكز ثُو٤ٔز ثُٔوجّز ك٢ ًَ ٖٓ ثُٔؼَٔ ثُي١ ٣طِخ ثلاػضٔجه ٝ ثُٔؼَٔ ثُؼ٤ج١ً  .1

 ثٌُٔؽؼ٢ 

 .ٓؼٌكز ه٤ٔز ثُلا٣و٤ٖ ثُٔقْٞدز ك٢ ًَ ٖٓ ثُٔؼ٤ِٖٔ .2

ثّضنوثّ ٓؼجهُز ٣ًجػ٤ز د٤ْطز ٣ضْ دؼوٛج صو٣ٌٌ ٓج إىث ًجٕ ٣ٌٖٔ ثػضٔجه ٛيث ثُٔؼَٔ  .3

ًٔج ٣ٌٖٔ دؼوٛج ثُقٌْ ػ٠ِ ٗؾجؿ ثمضذجً ثٌُلجءر !! ك٢ ٗوطز ثُو٤جُ ٛيٙ أّ لا 

ُِو٤ٔز ثُٔوجّز ٖٓ ػوٓٚ  
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مطٞثس إؽٌثء ثمضذجً ثٌُلجءر 

دٞفوثس ثُـ   URV   ٝ ثُلا٣و٤ٖ ك٢ ه٤جّٜج ٣Rvضْ صقو٣و ًَ ٖٓ ٓووثً ثُو٤ٔز ثُٔوجّز   -1

ppm  

٣وّٞ ثُٔؼَٔ ثُٔطِٞح ػَٔ ثمضذجً ثٌُلجءر ُٚ دئؽٌثء ثُو٤جُ ػ٘و ٗلِ ثُو٤ْ ثُٔقوهر  -2

 ٝ ه٤ٔز ثُلا٣و٤ٖ ك٢  LVِّلج دجُذٌٝصًٍٞٞ ف٤ظ ٣ضْ صؼ٤٤ٖ ٓووثً ثُو٤ٔز ثُٔوجّز 

 أ٣ؼج  ppm  دٞفوثس ثُـ   ULvه٤جّٜج  

ػ٘و ٛيٙ ثُو٤ٔز     En  Ratio  ثح ٓج ٣ؼٌف دـ ــر دقِــر ٓوجُــٍ ه٤ْــّ ُيــ٣ضْ ثُضو٢٤ -3

 :ٖٓ ثُؼلاهز ثُضج٤ُز 

     En =    LV  - Rv      / √ ULv
2
  +  URV

2
  

 ثُٔقْٞدز ٖٓ ثُٔؼجهُز أهَ ٖٓ ثُٞثفو ثُظق٤ـ فض٠ ٣ٌٖٔ ٣Enؾخ إٔ صٌٕٞ ه٤ٔز -  -4

   ػٖ ثُٞثفو ثُظق٤ـ كْٞف Enكئىث ٍثهس ه٤ٔز  .. ٛيٙ ثُو٤ٔز  ثػضٔجه ثُٔؼَٔ ػ٘و

 ٣َِّ ثّضذؼجه ٛيٙ ثُو٤ٔز ثُٔوجّز ٖٓ ؽوٍٝ ثػضٔجه ثُٔؼَٔ

 (ٜٓ٘ؾ٤ز ثلاّضذؼجه  )  -ثُط٣ٌوز ثٌُثدؼز

صٜوف ٛيٙ ثُط٣ٌوز إ٠ُ ثّضذؼجه ثُوٌثءر ثُشجىر ٝثُٔضطٌكز أٝ صِي شو٣ور ثُضذجػو ػٖ دجه٢ 

..  ثُوٌثءثس ثُٔأمٞىر ُ٘لِ ثُٔو٤ِ ك٢ ٗلِ ثُظٌٝف 

  ػ٘و صْؾ٤َ ػوه ًذ٤ٌ ٖٓ ثُ٘ضجةؼ ػ٘و صٌٌثً ثُضؾٌدز ُٔو٤ِ ٝثفو ك٢ ٗلِ ثُظٌٝف كوو

 صظٌٜ ٗض٤ؾز أٝ أًغٌ ٖٓ ٗض٤ؾز شو٣ور ثُضذجػو ػٖ دجه٢ ثُ٘ضجةؼ 

  ٙ٣ضْ ٛيث ثلاّضذؼجه دؼو إؽٌثء ػ٤ِٔز إفظجة٤ز ٓؼ٤٘ز ٣ضْ دؼوٛج ثصنجى ثُوٌثً ثُٔ٘جّخ صؾج

 .ٛيٙ ثُ٘ض٤ؾز

  مطٞثس ثُط٣ٌوز ..

 ٖٓ ثُ٘ضجةؼ ػ٠ِ ثُٔو٤ِ ثُٞثفو ٝك٢ ٗلِ ظٌٝف ثُضؾٌدز دق٤ظ لا  ٣nضْ صْؾ٤َ ػوه  -1

٣ٌٕٞ ٛ٘جى شي ك٢ إفوٟ ثُ٘ضجةؼ ثُٔأمٞىر 
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ٛ٘ج ٌٗصخ ..هو صٌٕٞ أطـٌ ثُ٘ضجةؼ ٢ٛ شو٣ور ثُضذجػو ػٖ دجه٢ ثُٔؾٔٞػز ٝ ٓشٌٞى ك٤ٜج 

 ثُ٘ضجةؼ صٌص٤ذج صظجػو٣ج ٖٓ ثلأطـٌ إ٠ُ ثلأًذٌ

(  X1 < X2 < X3 <………. < Xn  ) 

ٛ٘ج .. أٝ هو صٌٕٞ أًذٌ ثُ٘ضجةؼ ٢ٛ شو٣ور ثُضذجػو ػٖ دجه٢ ثُٔؾٔٞػز ٝٓشٌٞى ك٤ٜج  -2

 ٌٗصخ ثُ٘ضجةؼ صٌص٤ذج ص٘ج٤ٍُج ٖٓ ثلأًذٌ إ٠ُ ثلأطـٌ    

  (X1 > X2 > X3 > ………. > Xn ) 

 3 ، ٝإٔ ػوه ثُ٘ضجةؼ ثُٔأمٞىر ٣وغ د٤ٖ 2ٛخ أٗ٘ج دظوه ثلافضٔجٍ ثلأٍٝ ًٔج ك٢ ثُنطٞر  -3

 – X2ٗقْخ ه٤ٔز ثُٔوٟ د٤ٖ أطـٌ ه٤ٔز ٝ ثُو٤ٔز ثُضج٤ُز ُٜج ٝ ُضٌٖ .. هٌثءثس 7ث٠ُ 

X1  ُضٌٖ  (أ١ ملاٍ ثُٔوٟ دجٌُجَٓ  ) عْ ٗقْخ ثُٔوٟ د٤ٖ أطـٌ ه٤ٔز ٝ أًذٌ ه٤ٔز ٝ

Xn – X1  

: ًٔج ٢ِ٣ (  r10 )ٗقْخ ثُْ٘ذز د٤ٖ ثُٔووث٣ًٖ ثُْجدو٤ٖ  -4

r10 = (X2 – X1) / (Xn – X1)                     

  ثُٔقْٞدز ٖٓ ثُؼلاهز ثُْجدوز ٝد٤ٖ ه٤ٔضٜج ٖٓ ثُؾوٍٝ r10ٗوجًٕ ث٥ٕ د٤ٖ ه٤ٔز  -5

ْٓضٟٞ ) % 1أٝ ػ٘و هًؽز ٓؼ٣ٞ٘ز  (% 95ْٓضٟٞ عوز  )% 5ٝػ٘و هًؽز ٓؼ٣ٞ٘ز 

كئىث ًجٗش ثُو٤ٔز ثُٔقْٞدز ٖٓ ثُؼلاهز أًذٌ ٖٓ ثُو٤ٔز ثُٔٞؽٞهر دجُؾوٍٝ  (%99عوز 

 كئٗٚ ٖٓ ثلأكؼَ ثّضذؼجه ٛيٙ ثُ٘ض٤ؾز
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 ٛجٓز رٓلافع  ..

 كئٗٚ ٖٓ ثُٔ٘جّخ ثّضنوثّ ػلاهجس أمٌٟ صوجدَ ٛيٙ 7ك٢ فجُز ٣ٍجهر ػوه ثُضؾجًح ػٖ 

 ث٣َُجهر ك٢ ػوه ثُ٘ضجةؼ

 

 X – Bar Chart -مجْٓز ثُط٣ٌوز ثٍ

أِّٞح د٤ج٢ٗ إفظجة٢ ُِقٌْ ػ٠ِ أهثء ثُ٘ضجةؼ ثُٔأمٞىر دأٗٚ صقش  ث٤ُْطٌر  ٝ ثُضقٌْ 

 صٜوف إ٠ُ ثُقٌْ ػ٠ِ ػ٤ِٔز ه٤جُ ٓؼ٤٘ز ٖٓ ف٤ظ ًٜٞٗج صقش ثُضقٌْ ٝث٤ُْطٌر. 

  ُ٘ض٤ؾز ه٤جُ ٓؼ٤ٖ (ٓوٟ ثلاّضوٌث٣ًز )ثمضذجً ٓج ٣ؼٌف دـ. 

ٖٓ أٓغِز صطذ٤ن ٛيٙ ثُط٣ٌوز ٓؼج٣ٌر ؽٜجٍ ٌٓؽؼ٢ أٝ ه٤ٔز ػ٤ج٣ًز صضْ ه٣ًٝج ملاٍ ٓوٟ 

ًيُي ٣ٌٖٔ صطذ٤وٜج ػ٠ِ ٗض٤ؾز ٓضّٞطز ٓأمٞىر . ػ٣ٌغ ٖٓ ثَُٖٓ هو ٣ظَ إ٠ُ ػجّ ًجَٓ

ٖٓ ػوه ًذ٤ٌ ٖٓ ثُ٘ضجةؼ دق٤ظ ٣ضًٌٌ أمي ٛيٙ ثُو٤ٔز ثُٔضّٞطز ٌٓثس ٌٝٓثس ملاٍ كضٌر 

 ٤ٍ٘ٓز ؽ٣ِٞز

 ٣ؼضو دٜج ًؼ٘ظٌ أّج٢ّ ٖٓ ػ٘جطٌ ؽٌم ص٤ًٞو
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ٓنططجس ثُضقٌْ – ر ــجهّــــُثُط٣ٌوز ثٍ

 Control Charts: 

 .ػذؾ ٝص٤ًٞو طقز ثُو٤جٍُؽ٣ٌوز إفظجة٤ز د٤ج٤ٗز 

ِّٞح صنط٤ط٢ ُِقٌْ ػ٠ِ أهثء ػ٤ِٔجس ثُو٤جُ إىث ًجٕ ك٢ فجُز ثُضقٌْ ٝث٤ُْطٌر أ 

 .ثلإفظجة٤ز ٖٓ ػوٓٚ

صل٤و ك٢ فجلاس ٓوجًٗز ثُضـ٤ٌثس ثُقجهعز ك٢ ه٤ٔز ػ٤ج٣ًز دقوٝه ثُضقٌْ ثُْٔٔٞؿ دٜج ُٜيٙ 

 .ثُو٤ٔز

ثُوًٝ ثٌُة٢ْ٤ ُٜيٙ ثُٔنططجس ٛٞ فْجح صِي ثُقوٝه ثُض٢ ٣ؾخ إٔ صوغ ملاُٜج ه٤ٔز 

ه٤ج٤ّز ٓؼ٤٘ز فض٠ ٗقٌْ ػ٤ِٜج أٜٗج ك٢ فجُز ثلاّضوٌثً ثلإفظجة٢ ٝ إٔ ثُضـ٤ٌثس ثُض٢ ٣ٌٖٔ 

 .إٔ صقوط دٜج ك٢ ٗطجم ثُٔٞثكوز ٝثُوذٍٞ

 

 ٍثُٔوجًٗز ثُٔذجشٌر ُِ٘ضجةؼ – ر ــجدؼــُثُط٣ٌوز ث

إؽٌثء ٓوجًٗز ٣ٌّؼز ٝد٤ْطز ُ٘ضجةؼ ثُٔؼجَٓ ثُٔشجًًز ك٢ فِوز ه٤جُ صٜوف ثُط٣ٌوز إ٠ُ

ٓـِوز فٍٞ ه٤ٔز ػ٤ج٣ًز ٓؼ٤٘ز دق٤ظ صشَٔ ٛيٙ ثُٔوجًٗز ث٣ٌُْؼز ٓوجًٗز ًَ ٖٓ ثُو٤ْ 

ثُٔضّٞطز ُِ٘ضجةؼ ًٝيُي ثُلا٣و٤ٖ ثُٔظجفخ ُٜيٙ ثُو٤ٔز ثُٔضّٞطز ٝىُي ٖٓ ملاٍ ٓنطؾ 

 .د٤ج٢ٗ د٤ْؾ

 :ٛ٘جى فجلاص٤ٖ

: ػوّ ٝؽٞه ٓؼَٔ ػ٤ج١ً ٓق١ًٞ صْض٘و إ٤ُٚ ٗضجةؼ ثُٔؼجَٓ ثُٔشجًًز.. ثُقجُز ثلأ٠ُٝ - 1

٣ؾوً إٔ  صٌٕٞ ثُٔؼجَٓ ثُٔشجًًز ٓؼجَٓ ػ٤ج٣ًز ٌٓؽؼ٤ز ٓضوجًدز ك٢ ْٓضٟٞ ثُوهز ًٝيُي 

ك٢ ْٓضٟٞ ثلإٌٓج٤ٗجس ٖٓ ؽٜز أٗظٔز ٝ أؽَٜر ثُو٤جُ ثُْٔضنوٓز أٝ ثُؼ٘ظٌ ثُذش١ٌ 

 .ثُٔؤَٛ ؽ٤وث

 ٣ضْ ثمض٤جً ؽٜجٍ ػ٤ج١ً أٝ ٤ًٔز ػ٤ج٣ًز ٓؼ٤٘ز ٣ٌٖٔ صوثُٜٝج د٤ٖ ثُٔؼجَٓ ثُٔشجًًز دق٤ظ 

صظذـ ػ٘ظٌث ًفجلا ٣ضْ ه٤جّٚ ٖٓ ملاٍ ثُٔؼجَٓ ثُٔشجًًز ًَ ػ٠ِ فوٙ ٖٓ ملاٍ 

 .دٌٝصًٍٞٞ ٓؼ٤ٖ ٣ضْ ثلاصلجم ػ٠ِ د٘ٞهٙ ٖٓ ملاٍ ثُٔؼجَٓ ثُٔشجًًز ىثصٜج
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٣ضْ صؾ٤ٔغ ثُ٘ضجةؼ ثُض٢ ّؾِش ك٢ ٛيٙ ثُٔؼجَٓ دٞثّطز ٓقَِ ثُ٘ضجةؼ ًٝيُي ٣ضْ إٓوثهٙ 

 .دٔووثً ثُلا٣و٤ٖ ثُٔظجفخ ُٜيٙ ثُ٘ضجةؼ

٣ضْ فْجح ثُٔضّٞؾ ثُقْجد٢ ث٢ٌُِ ُِ٘ضجةؼ ثُٔؾٔؼز ٖٓ ًَ ثُٔؼجَٓ ثُٔشجًًز ف٤ظ ٣ٔغَ 

 .ٛيث ثُٔضّٞؾ ثُقْجد٢ ثُو٤ٔز ثُؼ٤ج٣ًز ثُظق٤قز ثُض٢ صوجًٕ دٜج هٌثءثس ثُٔؼجَٓ ثُٔشجًًز

ٗضجةؼ ثُٔؼجَٓ ثُٔشجًًز ػٖ ه٤ٔز ثُٔضّٞؾ ثُقْجد٢ ث٢ٌُِ  (ثٗقٌثكجس  )٣ضْ فْجح كٌٝم 

 ( هٌثءر ثُٔؼَٔ –ثُٔضّٞؾ ثُقْجد٢ ث٢ٌُِ )= ثُٔقْٞح 

ٌَُ ٓؼَٔ ٝٛٞ ػذجًر ػٖ ه٤ٔز  (Error Bar)٣ضْ فْجح ٓج ٣ؼٌف دنؾ أٝ ش٣ٌؾ ثُنطأ 

ٓووثً ثُلا٣و٤ٖ ثُٔظجفخ ُٜيٙ  (ٝ ٓطٌٝفج ٓ٘ٚ  )ثلاٗقٌثف ك٢ ٗض٤ؾز ثُٔؼَٔ ٓؼجف إ٤ُٚ 

  (∆ U   Eobs.    )ثُ٘ض٤ؾز أ١ 

ثُٔنطــؾ ثُذ٤ـــــج٢ٗ 

 



 WWM-gtzدٌٗجٓؼ إهثًٙ ث٤ُٔجٙ ٝثُظٌف ثُظق٠                                                                       ث٤ٔ٤ٌُجءؿ٤ٌ ثُؼؼ٣ٞز  ثُٔضووٓز

- 118 - 

 

: ٝؽٞه ٓؼَٔ ػ٤ج١ً ٓق١ًٞ صْض٘و إ٤ُٚ ثُٔؼجَٓ ثُٔشجًًز.. ثُقجُز ثُغج٤ٗز - 

: لا ٣نضِق ثُقجٍ ٛ٘ج ًغ٤ٌث ػٖ ثُقجُز ثُْجدوز إلا ك٢ أ٣ٌٖٓ 

ك٢ ٛيٙ ثُقجُز . ؽ٣ٌوز فْجح ثُنؾ ثُظل١ٌ ثُٔق١ًٞ ثُي١ ّضوجًٕ دٚ دو٤ز ثُ٘ضجةؼ (1

 )٣ضْ صؼ٤٤ٖ ثُو٤ٔز ثُؼ٤ج٣ًز ثُٔٞػٞػز صقش ثلامضذجً دجُٔؼَٔ ثُؼ٤ج١ً ثُٔق١ًٞ 

Pivot Lab.  )  ٌٓص٤ٖ إفوثٛٔج ك٢ دوث٣ز فِوز ثُو٤جُ ثُٔـِوز ٝ ثلأمٌٟ ك٢ ٜٗج٣ز

ثُقِوز دؼو ثٗضٜجء ثُو٤جُ دجُٔؼجَٓ ثلأمٌٟ ثُٔشجًًز  

ؽ٣ٌوز فْجح فو١ ثُٔٞثطلجس ثُو٤ج٤ّز ثلأػ٠ِ ٝثلأه٠ٗ ثُٔطِٞح ثٗقظجً ؽ٤ٔغ 
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METHOD 3005A

ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR
DISSOLVED METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY

1.0  SCOPE AND APPLICATION
 

1.1 Method 3005 is an acid digestion procedure used to prepare surface
and ground water samples for analysis by flame atomic absorption spectroscopy
(FLAA) or by inductively coupled argon plasma spectroscopy (ICP).  Samples
prepared by Method 3005 may be analyzed by AAS or ICP for the following metals:

Aluminum Magnesium
Antimony** Manganese
Arsenic* Molybdenum
Barium Nickel
Beryllium Potassium
Cadmium Selenium*
Calcium Silver
Chromium Sodium
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead

* ICP only
**May be analyzed by ICP, FLAA, or GFAA

1.2 When analyzing for total dissolved metals filter the sample, at the
time of collection, prior to acidification with nitric acid.
 

2.0  SUMMARY OF METHOD
 

2.1 Total recoverable metals - The entire sample is acidified at the time
of collection with nitric acid.  At the time of analysis the sample is heated
with acid and substantially reduced in volume.  The digestate is filtered and
diluted to volume, and is then ready for analysis.

2.2 Dissolved metals - The sample is filtered through a 0.45-µm filter
at the time of collection and the liquid phase is then acidified at the time of
collection with nitric acid.  Samples for dissolved metals do not need to be
digested as long as the acid concentrations have been adjusted to the same
concentration as in the standards.

3.0  INTERFERENCES
 
   3.1 The analyst should be cautioned that this digestion procedure may not
be sufficiently vigorous to destroy some metal complexes.
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Precipitation will cause a lowering of the silver concentration and therefore an
inaccurate analysis.

4.0  APPARATUS AND MATERIALS 

4.1 Griffin beakers of assorted sizes or equivalent. 

4.2 Watch glasses or equivalent.

4.3 Qualitative filter paper and filter funnels.

4.4 Graduated cylinder or equivalent.

4.5  Electric hot plate or equivalent - adjustable and capable of
maintaining a temperature of 90-95 C.o

5.0  REAGENTS 

  5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Reagent Water.  Reagent water shall be interference free.  All
references to water in the method refer to reagent water unless otherwise
specified.  Refer to Chapter One for a definition of reagent water.

  5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to3

determine level of impurities.  If method blank is < MDL, then acid can be used.
 
  5.4 Hydrochloric acid (concentrated), HCl.  Acid should be analyzed to
determine level of impurities.  If method blank is < MDL, then acid can be used.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

   6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.
 
  6.2 All sample containers must be prewashed with detergents, acids, and
water.  Both plastic and glass containers are suitable.
 

6.3 Sampling

6.3.1 Total recoverable metals - All samples must be acidified at
the time of collection with HNO  (5 mL/L).3

6.3.2 Dissolved metals - All samples must be filtered through a
0.45-µm filter and then acidified at the time of collection with HNO  3
(5 mL/L).
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7.0  PROCEDURE

 7.1 Transfer a 100-mL aliquot of well-mixed sample to a beaker.

   7.2 For metals that are to be analyzed, add 2 mL of concentrated HNO  and3

5 mL of concentrated HCl.  The sample is covered with a ribbed watch glass or
other suitable covers and heated on a steam bath, hot plate or other heating
source at 90 to 95 C until the volume has been reduced to 15-20 mL.o

CAUTION: Do not boil.  Antimony is easily lost by volatilization from
hydrochloric acid media.

  7.3 Remove the beaker and allow to cool.  Wash down the beaker walls and
watch glass with water and, when necessary, filter or centrifuge the sample to
remove silicates and other insoluble material that could clog the nebulizer.
Filtration should be done only if there is concern that insoluble materials may
clog the nebulizer; this additional step is liable to cause sample contamination
unless the filter and filtering apparatus are thoroughly cleaned and prerinsed
with dilute HNO .3
 
  7.4 Adjust the final volume to 100 mL with reagent water.

8.0  QUALITY CONTROL 
 

8.1 All quality control measures described in Chapter One should be
followed.

  8.2 For each analytical batch of samples processed, blanks should be
carried throughout the entire sample preparation and analytical process.  These
blanks will be useful in determining if samples are being contaminated.  Refer
to Chapter One for the proper protocol when analyzing blanks.

   8.3 Replicate samples should be processed on a routine basis.  A
replicate sample is a sample brought through the whole sample preparation and
analytical process.  Replicate samples will be used to determine precision.  The
sample load will dictate the frequency, but 5% is recommended.  Refer to Chapter
One for the proper protocol when analyzing replicates.
 
  8.4 Spiked samples or standard reference materials should be employed to
determine accuracy.  A spiked sample should be included with each batch.  Refer
to Chapter One for the proper protocol when analyzing spikes.
 

9.0  METHOD PERFORMANCE

9.1 No data provided.
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METHOD 3015

MICROWAVE ASSISTED ACID DIGESTION OF AQUEOUS 
SAMPLES AND EXTRACTS 

1.0  SCOPE AND APPLICATION

1.1  This digestion procedure is used for the preparation of aqueous
samples, mobility-procedure extracts, and wastes that contain suspended solids
for analysis, by flame atomic absorption spectroscopy (FLAA), graphite furnace
absorption spectroscopy (GFAA), inductively coupled argon plasma spectroscopy
(ICP), or inductively coupled argon plasma mass spectrometry (ICP-MS).  The
procedure is a hot acid leach for determining available metals.  Due to the rapid
advances in microwave technology, consult your manufacturer's recommended
instructions for guidance on their microwave digestion system and refer to the
SW-846 "DISCLAIMER" when conducting analyses using Method 3015.

1.2  Samples prepared by Method 3015 using nitric acid digestion may be
analyzed by FLAA, GFAA, ICP-AES, or ICP-MS for the following:

        Aluminum     Lead
Antimony Magnesium
Arsenic* Manganese
Barium Molybdenum
Beryllium Nickel
Cadmium Potassium
Calcium Selenium*
Chromium Silver
Cobalt Sodium
Copper Thallium
Iron Vanadium

Zinc

*Cannot be analyzed by FLAA

2.0  SUMMARY OF METHOD

2.1  A representative 45 mL aqueous sample is digested in 5 mL of
concentrated nitric acid in a fluorocarbon (PFA or TFM) digestion vessel for 20
minutes using microwave heating.  After the digestion process, the sample is
cooled, and then filtered, centrifuged, or allowed to settle in a clean sample
bottle prior to analysis.

3.0  INTERFERENCES

3.1   Many samples that contain organics, such as TCLP extracts, will
result in higher vessel pressures which have the potential to cause venting of
the vessels.  Venting can result in either loss of analytes and/or sample, which
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must be avoided.  A smaller sample size can be used but the final water volume
prior to nitric acid addition must remain at 45 mL.  This is required to retain
the heat characteristics of the calibration procedure.  Limits of quantitation
will change with sample quantity (dilution) as with instrumentation." 

4.0  APPARATUS AND MATERIALS

4.1  Microwave apparatus requirements

4.1.1  The microwave unit provides programmable power with a
minimum of 574 W, which can be programmed to within + 10 W of the
required power.  Typical units provide a nominal 600 W to 1200 W of
power.  Temperature monitoring and control of the microwave unit are
desirable.

4.1.2  The microwave unit cavity is corrosion resistant and
well ventilated.

4.1.3  All electronics are protected against corrosion for safe
operation.

4.1.4  The system requires fluorocarbon (PFA or TFM) digestion
vessels (120 mL capacity) capable of withstanding pressures up to 7.5
± 0.7 atm (110 ± 10 psig) and capable of controlled pressure relief at
pressures exceeding 7.5 ± 0.7 atm (110 ± 10 psig).

4.1.5  A rotating turntable is employed to insure homogeneous
distribution of microwave radiation within the unit.  The speed of the
turntable should be a minimum of 3 rpm.

CAUTION: Those laboratories now using or contemplating the use of
kitchen type microwave ovens for this method should be aware of
several significant safety issues. First, when an acid such as
nitric is used to assist sample digestion in microwave units in
open vessels, or sealed vessels equipped with venting features,
there is the potential for the acid gases released to corrode the
safety devices that prevent the microwave magnetron from shutting
off when the door is opened. This can result in operator exposure
to microwave energy. Use of a unit with corrosion resistant safety
devices prevents this from occurring.

CAUTION: The second safety concern relates to the use of sealed
containers without pressure relief valves in the unit.  Tempera-
ture is the important variable controlling the reaction.  Pressure
is needed to attain elevated temperatures but must be safely con-
tained.  However, many digestion vessels constructed from certain
fluorocarbons may crack, burst, or explode in the oven under
certain pressures.   Only unlined fluorocarbon (PFA or TFM)
containers with pressure relief mechanisms or containers with
fluorocarbon (PFA or TFM) liners and pressure relief mechanisms
are considered acceptable at present.
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Users are therefore advised not to use kitchen type microwave
ovens or to use sealed containers without pressure relief valves
for microwave acid digestions by this method.  Use of laboratory
grade microwave equipment is required to prevent safety hazards.
For further information consult reference 1.

CAUTION: In addition, there are many safety and operational
recommendations specific to the model and manufacturer of the
microwave equipment used in individual laboratories.  These
specific suggestions are beyond the scope of this method and
require the analyst to consult the specific equipment manual,
manufacturer and literature for proper and safe operation of the
microwave equipment and vessels.

4.2  Volumetric graduated cylinder, 50 or 100 mL capacity or equivalent.

4.3  Filter paper, qualitative or equivalent.

4.4  Analytical balance, 300 g capacity, minimum accuracy ± 0.01 g.

4.5  Filter funnel, glass or disposable polypropylene.

5.0  REAGENTS

5.1  Reagent grade chemicals shall be used in all tests.  Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available.   Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.  If the
purity of a reagent is questionable, analyze the reagent to determine the level
of impurities.  The reagent blank must be less than the MDL in order to be used.

5.2  Reagent Water.  Reagent water shall be interference free.  All
references to water in the method refer to reagent water unless otherwise specif-
ied (Ref. 2).

5.3  Concentrated nitric acid, HNO .  Acid should be analyzed to3

determine levels of impurities.  If the method blank is less than the MDL, the
acid can be used.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2  All sample containers must be prewashed with detergents, acids, and
water.  Plastic containers are preferable.  See Chapter Three, Step 3.1.3 of this
manual, for further information.

6.3  Aqueous waste waters must be acidified to a pH of < 2 with HNO .3
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7.0  PROCEDURE

7.1  Calibration of Microwave Equipment

NOTE: If the microwave unit uses temperature feedback control
capable of replicating the performance specifications of the
method, then the calibration procedure may be omitted.

7.1.1 Measurement of the available power for heating is
evaluated so that absolute power in watts may be transferred from one
microwave unit to another.  For cavity type microwave equipment, this
is accomplished by measuring the temperature rise in 1 kg of water
exposed to microwave radiation for a fixed period of time.  The analyst
can relate power in watts to the partial power setting of the unit.  The
calibration format required for laboratory microwave units depends on
the type of electronic system used by the manufacturer to provide
partial microwave power.  Few units have an accurate and precise linear
relationship between percent power settings and absorbed power.  Where
linear circuits have been utilized, the calibration curve can be deter-
mined by a three-point calibration method (7.1.3), otherwise, the
analyst must use the multiple point calibration method (7.1.2).

7.1.2 The multiple point calibration involves the measurement
of absorbed power over a large range of power settings.  Typically, for
a 600 W unit, the following power settings are measured; 100,99,98,97,
95,90,80,70,60,50, and 40% using the procedure described in section
7.1.4.  This data is clustered about the customary working power ranges.
Nonlinearity has been commonly encountered at the upper end of the
calibration.  If the unit's electronics are known to have nonlinear
deviations in any region of proportional power control, it will be
necessary to make a set of measurements that bracket the power to be
used.  The final calibration point should be at the partial power
setting that will be used in the test.  This setting should be checked
periodically to evaluate the integrity of the calibration.  If a
significant change is detected (±10 W), then the entire calibration
should be reevaluated.

7.1.3 The three-point calibration involves the measurement of
absorbed power at three different power settings.  Measure the power at
100% and 50% using the procedure described in section 7.1.4, and
calculate the power setting corresponding to the required power in watts
specified in the procedure from the (2-point) line.  Measure the
absorbed power at that partial power setting.  If the measured absorbed
power does not correspond to the specified power within ±10 W, use the
multiple point calibration in 7.1.2.  This point should also be used to
periodically verify the integrity of the calibration.

7.1.4 Equilibrate a large volume of water to room temperature
(23 ± 2 EC).  One kg of reagent water is weighed (1,000.0 g + 0.1 g)
into a fluorocarbon (PFA or TFM) beaker or a beaker made of some other
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material that does not significantly absorb microwave energy (glass
absorbs microwave energy and is not recommended).  The initial
temperature of the water should be 23 ± 2 EC measured to ± 0.05 EC.  The
covered beaker is circulated continuously (in the normal sample path)
through the microwave field for 2 minutes at the desired partial power
setting with the unit's exhaust fan on maximum (as it will be during
normal operation).  The beaker is removed and the water vigorously
stirred.  Use a magnetic stirring bar inserted immediately after
microwave irradiation and record the maximum temperature within the
first 30 seconds to ± 0.05 EC.  Use a new sample for each additional
measurement.  If the water is reused both the water and the beaker must
have returned to 23 ± 2 EC.  Three measurements at each power setting
should be made.

The absorbed power is determined by the following relationship

                             P = (K) (C ) (m) ( T)p

                             
        Eq. 1
                                       t

Where:

P = the apparent power absorbed by the sample in watts (W).
(W=joule·sec )-1

K = the conversion factor for thermochemical calories·sec  to watts-1

(=4.184)

C  = the heat capacity, thermal capacity, or specific heatp

(cal·g EC ), of water-1. -1

m = the mass of the water sample in grams (g)

T = the final temperature minus the initial temperature (EC)

t = the time in seconds (s)

Using the experimental conditions of 2 minutes and 1 kg of distilled
water (heat capacity at 25 EC is 0.9997 cal·g ·EC ) the calibration-1 -1

equation simplifies to: 

P = ( T) (34.86)

NOTE: Stable line voltage is necessary for accurate and reproduc-
ible calibration and operation.  The line voltage should be within
manufacturer's specification, and during measurement and operation
not vary by more than ±2 V.  A constant power supply may be
necessary for microwave use if the source of the line voltage is
unstable.
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Electronic components in most microwave units are matched to the units'
function and output.  When any part of the high voltage circuit, power
source, or control components in the unit have been serviced or
replaced, it will be necessary to recheck the units' calibration power.
If the power output has changed significantly (±10 W), then the entire
calibration should be reevaluated.

7.2  All digestion vessels and volumetric ware must be carefully acid
washed and rinsed with reagent water.  When switching between high solids
(concentrated) samples and low solids (low concentration) samples all digestion
vessels should be cleaned by leaching with hot (1:1) hydrochloric acid (greater
than 80 C, but less than boiling) for a minimum of two hours followed with hoto

(1:1) nitric acid (greater than 80 C, but less than boiling) for a minimum of twoo

hours, rinsed with reagent water, and dried in a clean environment.  This
cleaning procedure should also be used whenever the prior use of the digestion
vessels is unknown or cross contamination from vessels is suspected.  Polymeric
or glass volumetric ware and storage containers should be cleaned by leaching
with more dilute acids (approximately 10% V/V) appropriate for the specific
plastics used and then rinsed with reagent water and dried in a clean environ-
ment.  In addition, to avoid precipitation of silver, ensure that all HCl has
been rinsed from the vessels.

7.3  Sample Digestion

7.3.1  Weigh the fluorocarbon (PFA or TFM) digestion vessel, valve
and cap assembly to 0.01 g prior to use.

7.3.2 A 45 mL aliquot of a well shaken sample is measured in a
graduated cylinder.  This aliquot is poured into the digestion vessel
with the number of the vessel recorded on the preparation sheet.

7.3.3 A blank sample of reagent water is treated in the same
manner along with spikes and duplicates.

7.3.4 Add 5 mL of concentrated nitric acid to each vessel that
will be used.  Check to make sure the pressure relief disks are in the
caps with the smooth side toward the sample and start the caps a few
turns on the vessels. Finish tightening the caps in the capping station
which will tighten them to a uniform torque pressure of l2 ft-lbs. 
(16 N-m) or to the manufacturers recommended specifications.  Weigh each
capped vessel to the nearest 0.01 g.

CAUTION: Toxic nitrogen oxide fumes may be evolved, therefore all
work must be performed in a properly operating ventilation system.
The analyst should also be aware of the potential for a vigorous
reaction.  If a vigorous reaction occurs, allow to cool before
capping the vessel. 

7.3.5  Evenly distributed the vessels in the carousel according
to the manufacturer's recommended specifications.   Blanks are treated
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as samples for the purpose of balancing the power input.  When fewer
than the recommended number of samples are digested, the remaining
vessels should be filled with 45 mL of reagent water and 5 mL of nitric
acid to achieve the full compliment of vessels.  This provides an energy
balance since the microwave power absorbed is proportional to the total
mass in the cavity (Ref. 1).

7.3.6  Program the microwave unit according to the manufacturer's
recommended specifications and, if used, connect the pressure vessels
to the central overflow vessel with PFA-fluorocarbon tubes.  The chosen
sequence will bring the samples to 160EC ± 4EC in 10 minutes and will
permit a slow rise to 165-170 EC during the second 10 minutes (Ref. 3).
Start the turntable motor and be sure the vent fan is running on high
and the turntable is turning.  Start the microwave generator.

7.3.6.1  Newer microwave units are capable of higher
power that permit digestion of a larger number of samples per
batch.  If the analyst wishes to digest more samples at a time,
the analyst may use different power settings as long as they
result in the same time and temperature conditions defined in
7.3.6.  That is, any sequence of power that brings the samples to
160EC ± 4EC in 10 minutes and permits a slow rise to 165-170EC
during the second 10 minutes (Ref. 2).

Issues of safety, structural integrity (both temperature and
pressure limitations), heat loss, chemical compatibility,
microwave absorption of vessel material, and energy transport will
be considerations made in choosing alternative vessels.  If all
of the considerations are met and the appropriate power settings
are provided to reproduce the reaction conditions defined in
7.3.6, then these alternative vessels may be used (Ref. 1,3)

7.3.7  At the end of the microwave program, allow the vessels
to cool for at least 5 minutes in the unit before removal to avoid
possible injury if a vessel vents immediately after microwave heating.
The samples may be cooled outside the unit by removing the carousel and
allowing the samples to cool on the bench or in a water bath.  When the
vessels have cooled to room temperature, weigh and record the weight of
each vessel assembly.  If the weight of the sample plus acid has
decreased by more than 10% discard the sample.

7.3.8 Complete the preparation of the sample by carefully
uncapping and venting each vessel in a fume hood.  Transfer the sample
to an acid-cleaned  bottle.  If the digested sample contains par-
ticulates which may clog nebulizers or interfere with injection of the
sample into the instrument, the sample may be centrifuged, allowed to
settle or filtered.

7.3.8.1 Centrifugation:  Centrifugation at 2,000-3,000 rpm
for 10 minutes is usually sufficient to clear the supernatant.
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7.3.8.2 Settling:  Allow the sample to stand until the
supernatant is clear.  Allowing a sample to stand overnight will
usually accomplish this.  If it does not, centrifuge or filter the
sample.

7.3.8.3   Filtering: The filtering apparatus must be thoroughly
              cleaned and prerinsed with dilute (approximately 10% V/V) nitric
              acid.  Filter the sample through  qualitative filter paper into 
              a second acid-cleaned cotainer.

7.3.9  The concentration values obtained from analysis must be
corrected for the dilution factor from the acid addition.  If the sample
will be analyzed by ICP-MS additional dilution will generally be
necessary.  For example, the sample may be diluted by a factor of 20
with reagent water and the acid strength adjusted back to 10% prior to
analysis.  The dilutions used should be recorded and the measured con-
centrations adjusted accordingly (e.g., for a 45 mL sample and 5 mL of
acid the correction factor is 1.11). 

8.0  QUALITY CONTROL

8.1  All quality control measures described in Chapter One, of this
Manual, should be followed.

8.2  For each analytical batch of samples processed, analytical reagent
blanks (also field blanks if they were taken) should be carried throughout the
entire sample preparation and analytical process.  These blanks will be useful
in determining if samples are being contaminated.

 8.3  Duplicate samples should be processed on a routine basis.  A
duplicate sample is a real sample brought through the whole sample preparation
and analytical process.  A duplicate sample should be processed with each
analytical batch or every 20 samples, whichever is the greater number.

8.4  Spiked samples or standard reference materials should be employed
to determine accuracy.  A spiked sample should be included with each group of
samples processed and whenever a new sample matrix is being analyzed.

9.0  METHOD PERFORMANCE

9.1 Refer to Table 1 for a summary of performance data.

10.0  REFERENCES

1. Introduction to Microwave Sample Preparation: Theory and Practice,
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5. Kingston, H. M., Walter, P. J., "Comparison of Microwave Versus
Conventional Dissolution for Environmental Applications", Spectroscopy,
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6. Sosinski, P., and Sze C., "Absolute Accuracy Study, Microwave Digestion
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TABLE 1
MICROWAVE DIGESTION METHOD 3015 (Nitric Acid Only)

Elem Material Certified Observed Std. Relative Relative
Mean Mean Dev. Standard Bias

Deviation

Al Tm-11 510.0 485.5 26.3 5.4 -4.80%

Al Tm-12 2687.0 2770.6 88.2 3.2 3.11%

Al T-107 220.0 213.5 19.3 9.0 -2.95%

Al T-109 113.0 117.7 30.6 2.6 4.16%

Ba Tm-11 450.0 441.4 23.4 5.3 -1.90%

Ba Tm-12 2529.0 2431.4 70.3 2.9 -3.86%

Ba T-107 192.0 196.6 15.9 8.1 2.44%

Cd Tm-11 40.8 44.6 2.1 4.7 9.46%

Cd Tm-12 237.0 242.3 8 3.3 2.25%

Cd T-107 14.3 12.4 0.9 7.2 -12.94%

Cd T-109 12.1 10.3 1.7 16.5 -14.55%

Zn Tm-11 55.4 55.9 2.6 4.6 1.06%

Zn Tm-12 314.0 316.5 8.9 2.8 0.82%

Zn T-107 75.8 81.6 3.3 4.0 7.68%

Zn T-109 74.0 69.9 4.1 5.8 -5.46%

As T-107 10.8 12.8 0.84 6.5 19.26%

As T-109 8.15 90.6 11.0 12.2 11.26%

Co Tm-11 227.0 242.6 14.1 5.8 6.90%

Co Tm-12 1067.0 1153.3 35.9 3.1 8.09%

K T-95 4700.0 5080.3 784 15.4 8.09%

K T-109 2330.0 2601.5 383.4 14.7 11.65%

Ni Tm-11 264.0 284.3 16.5 5.8 7.71%

Ni Tm-12 1234.0 1293.0 39.4 3.0 4.79%

Ni T-109 57.0 60.8 3.09 5.0 6.72%

Pb Tm-11 275.0 275.9 32.2 11.7 0.36%

Pb Tm-12 1326.0 1359.0 35.0 2.6 2.49%

Pb T-107 26.0 30.0 0.2 0.66 15.65%

Pb T-109 34.9 39.3 1.2 3.0 12.69%

Sb WP980-1 16.9 18.3 0.47 2.6 8.27%

Sb WP980-2 101.5 108.9 34.4 31.6 7.33%

Se T-95 60.1 65.9 2.6 3.94 9.77%

Se T-107 11.0 13.0 0.9 6.9 19.00%

Tl WP980-1 50.0 55.1 2 3.6 10.26%

Tl WP980-2 6.3 7.0 0.52 7.4 11.66%

V Tm-11 491.0 532.6 26.1 4.9 8.48%

V Tm-12 2319.0 2412.8 60.6 2.5 4.05%

Be T-107 11.0 11.3 0.53 4.7 3.00%

Be T-109 22.1 25.6 0.91 3.6 15.97%

Ca T-107 11700.0 12364.0 783.6 6.3 5.68%

Ca T-109 35400.0 38885.0 999 2.6 9.84%
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Deviation
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Mg T-95 32800.0 35002.0 1900 5.4 6.71%

Mg T-107 2100.0 2246.7 110.5 4.9 6.99%

Mg T-109 9310.0 10221.7 218.6 2.1 9.79%

Na T-95 190000.0 218130.0 10700 4.9 14.81%

Na T-107 20700.0 22528.0 1060 4.7 8.83%

Na T-109 12000.0 13799.5 516.2 3.7 15.00%

Cr Tm-11 52.1 64.3 4.1 6.4 23.51%

Cr Tm-12 299.0 346.0 9.8 2.8 15.74%

Cr T-107 13.0 22.3 1.5 6.7 71.77%

Cr T-109 18.7 32.6 6.4 19.6 74.71%

Cu Tm-11 46.3 76.5 4.4 5.7 65.36%

Cu Tm-12 288.0 324.0 8.9 2.7 12.52%

Cu T-107 30.0 42.3 4.0 9.4 41.17%

Cu T-109 21.4 54.0 3.6 6.7 152.38%

Fe Tm-11 249.0 289.3 16.4 5.7 16.18%

Fe Tm-12 1089.0 1182.5 43.5 3.7 8.59%

Fe T-107 52.0 63.8 8.7 13.6 22.69%

Fe T-109 106.0 134.0 6.6 4.9 26.50%

Mn Tm-11 46.0 60.9 3.2 5.2 32.48%

Mn Tm-12 263.0 304.4 9.1 3.0 15.77%

Mn T-107 45.0 52.6 3.1 5.9 17.09%

Mn T-109 34.0 46.6 3.0 6.4 37.18%

Ag WS378-1 46.0 19.4 5.6 2.9 -57.83%
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METHOD 3015
MICROWAVE ASSISTED ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
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METHOD 3051
 

MICROWAVE ASSISTED ACID DIGESTION OF SEDIMENTS, 
SLUDGES, SOILS, AND OILS

1.0 SCOPE AND APPLICATION

1.1  This method is applicable to the microwave assisted acid digestion of
sludges, sediments, soils, and oils for the following elements:

Aluminum      Cadmium        Iron          Molybdenum  Sodium
Antimony      Calcium        Lead          Nickel   Strontium
Arsenic       Chromium       Magnesium     Potassium   Thallium
Boron         Cobalt         Manganese     Selenium   Vanadium
Barium        Copper         Mercury       Silver       Zinc
Beryllium

1.2  This method is provided as an alternative to Method 3050.  It is
intended to provide a rapid multielement acid leach digestion prior to analysis
so that decisions can be made about site cleanup levels, the need for TCLP
testing of a waste and whether a BDAT process is providing acceptable
performance.  If a decomposition including hydrochloric acid is required for
certain elements, it is recommended that Method 3050A be used.  Digests produced
by the method are suitable for analysis by flame atomic absorption (FLAA),
graphite furnace atomic absorption (GFAA), inductively coupled plasma emission
spectroscopy (ICP-ES) and inductively coupled plasma mass spectrometry (ICP-MS).
Due to the rapid advances in microwave technology, consult your manufacturer's
recommended instructions for guidance on their microwave digestion system and
refer to the SW-846 "DISCLAIMER" when conducting analyses using Method 3051.

2.0  SUMMARY OF METHOD

2.1  A representative sample of up to 0.5 g is digested in 10 mL of
concentrated nitric acid for 10 min using microwave heating with a suitable
laboratory microwave unit.  The sample and acid are placed in a fluorocarbon (PFA
or TFM) microwave vessel.  The vessel is capped and heated in the microwave unit.
After cooling, the vessel contents are filtered, centrifuged, or allowed to
settle and then diluted to volume and analyzed by the appropriate SW-846 method
(Ref. 1).

3.0  INTERFERENCES

3.1  Very reactive or volatile materials that may create high pressures
when heated may cause venting of the vessels with potential loss of sample and
analytes.  The complete decomposition of either carbonates, or carbon based
samples, may cause enough pressure to vent the vessel if the sample size is
greater than 0.25 g when used in the 120 mL vessels with a pressure relief device
that has an upper limit of 7.5 ± 0.7 atm (110 ± 10 psi). 
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4.0  APPARATUS AND MATERIALS

4.1  Microwave apparatus requirements.

4.1.1  The microwave unit provides programmable power with a minimum
of 574 W, which can be programmed to within ± 10 W of the required power.
Typical units provide a nominal 600 W to 1200 W of power.  Pressure, or
especially temperature, monitoring and control of the microwave unit are
desirable. 

4.1.2  The microwave unit cavity is corrosion resistant and well
ventilated.

4.1.3  All electronics are protected against corrosion for safe 
operation.

4.1.4  The system requires fluorocarbon (PFA or TFM) digestion
vessels (120 mL capacity) capable of withstanding pressures up to 7.5 ±
0.7 atm (110 ± 10 psi) and capable of controlled pressure relief at
pressures exceeding 7.5 ± 0.7 atm (110 ± 10 psi).

4.1.5  A rotating turntable is employed to insure homogeneous
distribution of microwave radiation within the unit.  The speed of the
turntable should be a minimum of 3 rpm.

CAUTION:  Those laboratories now using or contemplating the
use of kitchen type microwave ovens for this method should be
aware of several signifant safety issues.  First, when an acid
such as nitric is used to assist sample digestion in microwave
units in open vessels, or sealed vesselsequippedres, there is
the potential for the acid gases released to corrode the
safety devices that prevent the microwave magnetron from
shutting off when the door is opened.  This can result in
operator exposure to microwave energy.  Use of a unit with
corrosion resistant safety devices prevents this from
occurring.

CAUTION:  The second safety concern relates to the use of
sealed containers without pressure relief valves in the unit.
Temperature is the important variable controlling the
reaction.  Pressure is needed to attain elevated temperatures
but must be safely contained.  However, many digestion vessels
constructed from certain fluorocarbons may crack, burst, or
explode in the unit under certain pressures.   Only unlined
fluorocarbon (PFA or TFM) containers with pressure relief
mecahnisms or containers with PFA-fluorocarbon liners and
pressure relief mechanisms are considered acceptable at
present.
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Users are therefore advised not to use kitchen type microwave
ovens or to use sealed containers without pressure relief
valves for microwave acid digestions by this method.  Use of
laboratory-grade microwave equipment is required to prevent
safety hazards.  For further details consult reference 2.

CAUTION:  There are many safety and operational
recommendations specific to the model and manufacturer of the
microwave equipment used in individual laboratories.  These
specific suggestions are beyond the scope of this method and
require the analyst to consult the specific equipment manual,
manufacturer and literature for proper and safe operation of
the microwave equipment and vessels.

4.2   Volumetric graduated cylinder, 50 or 100 mL capacity or equivalent.

4.3   Filter paper, qualitative or equivalent.

4.4  Filter funnel, glass or disposable polypropylene. 

4.5  Analytical balance, 300 g capacity, and minimum ± 0.01 g.

5.0  REAGENTS

5.1  All acids should be sub-boiling distilled where possible to minimize
the blank levels due to metallic contamination.  Other grades may be used,
provided it is first ascertained that the reagent is of sufficient purity to
permit its use without lessening the accuracy of the determination.  If the
purity of a reagent is questionable, analyze the reagent to determine the level
of impurities.  The reagent blank must be less than the MDL in order to be used.

5.1.1  Concentrated nitric acid, HNO .  Acid should be analyzed to3

determine levels of impurity.  If the method blank is less than the MDL,
the acid can be used.

5.2  Reagent Water.  Reagent water shall be interference free.  All
references to water in the method refer to reagent water unless otherwise
specified (Ref. 3).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2  All sample containers must be prewashed with detergents, acids and
water.  Plastic and glass containers are both suitable.  See Chapter Three, sec.
3.1.3 of this manual, for further information.

6.3  Samples must be refrigerated upon receipt and analyzed as soon as
possible.
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7.0  PROCEDURE

7.1  Calibration of Microwave Equipment

NOTE: If the microwave unit uses temperature feedback control
capable of replicating the performance specifications of the method,
then the calibration procedure may be omitted.

7.1.1  Measurement of the available power for heating is evaluated
so that absolute power in watts may be transferred from one microwave unit
to another.  For cavity type microwave equipment, this is accomplished by
measuring the temperature rise in 1 kg of water exposed to microwave
radiation for a fixed period of time.  The analyst can relate power in
watts to the partial power setting of the unit.  The calibration format
required for laboratory microwave units depends on the type of electronic
system used by the manufacturer to provide partial microwave power.  Few
units have an accurate and precise linear relationship between percent
power settings and absorbed power.  Where linear circuits have been
utilized, the calibration curve can be determined by a three-point
calibration method (7.1.3), otherwise, the analyst must use the multiple
point calibration method (7.1.2).

7.1.2  The multiple point calibration involves the measurement of
absorbed power over a large range of power settings.  Typically, for a 600
W unit, the following power settings are measured; 100, 99, 98, 97, 95,
90, 80, 70, 60, 50, and 40% using the procedure described in section 

7.1.4.  This data is clustered about the customary working power
ranges.  Nonlinearity has been commonly encountered at the upper end of the
calibration.  If the unit's electronics are known to have nonlinear
deviations in any region of proportional power control, it will be
necessary to make a set of measurements that bracket the power to be used.
The final calibration point should be at the partial power setting that
will be used in the test.  This setting should be checked periodically to
evaluate the integrity of the calibration.  If a significant change is
detected (±10 W), then the entire calibration should be reevaluated.

7.1.3  The three-point calibration involves the measurement of
absorbed power at three different power settings.  Measure the power at
100% and 50% using athe procedure described in section 7.1.4.   From the
2-point line calculate the power setting corresponding to the required
power in watts specified in the procedure.  Measure the absorbed power at
that partial power setting.  If the measured absorbed power does not
correspond to the specified power within ±10 W, use the multiple point
calibration in 7.1.2.  This point should also be used to periodically
verify the integrity of the calibration.

7.1.4  Equilibrate a large volume of water to room temperature (23
± 2EC).  One kg of reagent water is weighed (1,000.0 g + 0.1 g) into a
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fluorocarbon beaker or a beaker made of some other material that does not
significantly absorb microwave energy (glass absorbs microwave energy and
is not recommended).  The initial temperature of the water should be 23 ±
2EC measured to ± 0.05EC.  The covered beaker is circulated continuously
(in the normal sample path) through the microwave field for 2 minutes at
the desired partial power setting with the unit's exhaust fan on maximum
(as it will be during normal operation).  The beaker is removed and the
water vigorously stirred.  Use a magnetic stirring bar inserted immediately
after microwave irradiation and record the maximum temperature within the
first 30 seconds to ± 0.05EC.  Use a new sample for each additional
measurement.  If the water is reused both the water and the beaker must
have returned to 23 ± 2EC.  Three measurements at each power setting should
be made.

The absorbed power is determined by the following relationship:

                             P = (K) (C ) (m) ( T)p

      Eq. 1                  
                                       t

Where:

P = the apparent power absorbed by the sample in watts (W)  
(W=joule·sec )-1

K = the conversion factor for thermochemical calories·sec  to watts-1

(=4.184)

C  = the heat capacity, thermal capacity, or specific heat p

(cal·g EC ) of water-1. -1

m = the mass of the water sample in grams (g)

T = the final temperature minus the initial temperature (EC)

t = the time in seconds (s)

Using the experimental conditions of 2 minutes and 1 kg of distilled water
(heat capacity at 25 EC is 0.9997 cal·g ·EC ) the calibration equation-1 -1

simplifies to: 

Eq. 2 P = ( T) (34.86)

NOTE:  Stable line voltage is necessary for accurate and
reproducible calibration and operation.  The line voltage should be
within manufacturer's specification, and during measurement and
operation should not vary by more than ±2 V.  A constant power
supply may be necessary for microwave use if the source of the line
voltage is unstable.
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Electronic components in most microwave units are matched to the
units' function and output.  When any part of the high voltage
circuit, power source, or control components in the unit have been
serviced or replaced, it will be necessary to recheck the units'
calibration.  If the power output has changed significantly (±10 W),
then the entire calibration should be reevaluated.

7.2  All digestion vessels and volumetric ware must be carefully acid
washed and rinsed with reagent water.  When switching between high concentration
samples and low concentration samples, all digestion vessels should be cleaned
by leaching with hot (1:1) hydrochloric acid (greater than 80 C, but less thano

boiling) for a minimum of two hours followed with hot (1:1) nitric acid (greater
than 80 C, but less than boiling) for a minimum of two hours and rinsed witho

reagent water and dried in a clean environment.  This cleaning procedure should
also be used whenever the prior use of the digestion vessels is unknown or cross
contamination from vessels is suspected.  Polymeric or glass volumetric ware and
storage containers should be cleaned by leaching with more dilute acids
(approximately 10% V/V) appropriate for the specific plastics used and then
rinsed with reagent water and dried in a clean environment.  To avoid
precipitation of silver, ensure that all HCl has been rinsed from the vessels.

7.3  Sample Digestion

7.3.1  Weigh the fluorocarbon (PFA or TFM) digestion vessel, valve
and capassembly to 0.001 g prior to use.

7.3.2  Weigh a well-mixed sample to the nearest 0.001 g into the
fluorocarbon sample vessel equipped with a single-ported cap and a pressure
relief valve.  For soils, sediments, and sludges use no more than 0.500 g.
For oils use no more than 0.250 g.

7.3.3  Add 10 ± 0.1 mL concentrated nitric acid in a fume hood.  If
a vigorous reaction occurs, allow the reaction to stop before capping the
vessel.  Cap the vessel and torque the cap to 12 ft-lbs (16 N-m) or
according to the unit manufacturer's directions.  Weigh the vessels to the
nearest 0.001 g.  Place the vessels in the microwave carousel.  

CAUTION: Toxic nitrogen oxide fumes may be evolved, therefore all
work must be performed in a properly operating ventilation system.
The analyst should also be aware of the potential for a vigorous
reaction.  If a vigorous reaction occurs, allow to cool before
capping the vessel.

CAUTION: When digesting samples containing volatile or easily
oxidized organic compounds, initially weigh no more than 0.10 g and
observe the reaction before capping the vessel.  If a vigorous
reaction occurs, allow the reaction to cease before capping the
vessel.  If no appreciable reaction occurs, a sample weight up to
0.25 g can be used.  
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CAUTION: All samples known or suspected of containing more than 5-
10% organic material should be predigested in a hood for at least 15
minutes.

7.3.4   Properly place the carousel in the microwave unit according
to the manufacturer's recommended specifications and, if used, connect the
pressure vessels to the central overflow vessel with PFA-fluorocarbon
tubes.  Any vessels containing 10 mL of nitric acid for analytical blank
purposes are counted as sample vessels.  When fewer than the recommended
number of samples are to be digested, the remaining vessels should be
filled with 10 mL of nitric acid to achieve the full complement of
vessels.  This provides an energy balance since the microwave power
absorbed is proportional to the total mass in the cavity (Ref. 4).
Irradiate each group of sample vessels for 10 minutes.  The temperature of
each sample should rise to 175 EC in less than 5.5 minutes and remain
between 170-180 EC for the balance of the 10 minute irradiation period.
The pressure should peak at less than 6 atm for most soil, sludge, and
sediment samples (Ref. 5).  The pressure will exceed these limits in the
case of high concentrations of carbonate or organic compounds.  In these
cases the pressure will be limited by the relief pressure of the vessel to
7.5 ± 0.7 atm (110 ± 10 psi).  All vessels should be sealed according to
the manufacturers recommended specifications.

7.3.4.1  Newer microwave units are capable of higher power (W)
that permits digestion of a larger number of samples per batch.  If
the analyst wishes to digest more samples at a time, the analyst may
use different values of power as long as they result in the same
time and temperature conditions defined in 7.3.4.  That is, any
sequence of power that brings the samples to 175 C in 5.5 minuteso

and permits a slow rise to 175 - 180 C during the remaining 4.5o

minutes (Ref. 5).

Issues of safety, structural integrity (both temperature and
pressure limitations), heat loss, chemical compatibility, microwave
absorption of vessel material, and energy transport will be
considerations made in choosing alternative vessels.  If all of the
considerations are met and the appropriate power settings provided
to reproduce the reaction conditions defined in 7.3.4, then these
alternative vessels may be used (Ref. 1,2).

7.3.5  At the end of the microwave program, allow the vessels to cool
for a minimum of 5 minutes before removing them from the microwave unit.
When the vessels have cooled to room temperature, weigh and record the
weight of each vessel assembly. If the weight of acid plus sample has
decreased by more than 10 percent from the original weight, discard the
sample.  Determine the reason for the weight loss.  These are typically
attributed to loss of vessel seal integrity, use of a digestion time longer
than 10 minutes, too large a sample, or improper heating conditions.  Once
the source of the loss has been corrected, prepare a new sample or set of
samples for digestion beginning at 7.3.1.
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7.3.6  Complete the preparation of the sample by carefully uncapping
and venting each vessel in a fume hood.  Transfer the sample to an acid-
cleaned  bottle.  If the digested sample contains particulates which may
clog nebulizers or interfere with injection of the sample into the
instrument, the sample may be centrifuged, allowed to settle, or filtered.

 7.3.6.1  Centrifugation:  Centrifugation at 2,000-3,000 rpm
for 10 minutes is usually sufficient to clear the supernatant.

7.3.6.2  Settling:  Allow the sample to stand until the
supernatant is clear.  Allowing a sample to stand overnight will
usually accomplish this.  If it does not, centrifuge or filter the
sample.

7.3.6.3  Filtering:  The filtering apparatus must be thoroughly
cleaned and prerinsed with dilute (approximately 10% V/V) nitric
acid.  Filter the sample through  qualitative filter paper into a
second acid-cleaned container.

7.3.7  Dilute the digest to a known volume ensuring that the samples
and standards are matrix matched.  The digest is now ready for analysis
for elements of interest using the appropriate SW-846 method.

7.4  Calculations:  The concentrations determined are to be reported on the
basis of the actual weight of the original sample.

8.0  QUALITY CONTROL

8.1  All quality control data must be maintained and available for
reference or inspection for a period of three years.  This method is restricted
to use by, or under supervision of, experienced analysts.  Refer to the
appropriate section of Chapter One for additional quality control guidance.

8.2  Duplicate samples should be processed on a routine basis.  A duplicate
sample is a sample brought through the whole sample preparation and analytical
process.  A duplicate sample should be processed with each analytical batch or
every 20 samples, whichever is the greater number.  A duplicate sample should be
prepared for each matrix type (i.e., soil, sludge, etc.).

8.3  Spiked samples or standard reference materials should be included with
each group of samples processed or every 20 samples, whichever is the greater
number.  A spiked sample should also be included whenever a new sample matrix is
being analyzed.

9.0  METHOD PERFORMANCE

9.1  Precision:  Precision data for Method 3051, as determined by the
statistical examination of interlaboratory test results, is located in Tables 1
and 2.
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9.2  Repeatability:  If successive results are obtained by the same analyst
with the same apparatus under constant operating conditions on identical test
material, then the difference between these successive results will not, with 95%
probability, exceed the repeatability value.  For example, in the case of lead,
an average of only 1 case in 20 would exceed

 0.206 x 

in the long run, where x is one result in µg/g (Ref. 6).

9.3  Reproducibility: If two successive measurements are made independently
by each of two different analysts working in different laboratories on identical
test material, then the difference between the average result for each analyst
will not, with 95% probability, exceed the reproducibility value.  For example,
in the case of lead, an average of only 1 case in 20 would exceed

 0.303 x 

in the long run, where x is the average of two successive measurements in µg/g
(Ref. 2).

As can be seen in Table 1, repeatability and reproducibility differ between
elements, and usually depend on that element's concentration.  Table 2 provides
an example of how users of the method can determine expected values for
repeatability and reproducibility; nominal values of lead have been used for this
model (Ref. 6).

9.4  Bias:  In the case of SRM 1085 - Wear Metals in Oil, the bias of this
test method is different for each element.  An estimate of bias, as shown in
Table 3, is:

Bias = Amount found - Amount expected.

However, the bias estimate inherits both the uncertainty in the
measurements made using Method 3051 and the uncertainty on the certificate, so
whether the bias is real or only due to measurement error must also be con-
sidered.  The concentrations found for Al, Cr, and Cu using Method 3051 fall
within their certified ranges on SRM 1085, and 95% confidence intervals for Fe
and Ni overlap with their respective certified ranges; therefore, the observed
biases for these elements are probably due to chance and should be considered
insignificant.  Biases should not be estimated at all for Ag and Pb because these
elements were not certified.  Therefore, the only two elements considered in this
table for which the bias estimates are significant are Mg and Mo.
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                                TABLE 1.  
       EQUATIONS RELATING REPEATABILITY AND REPRODUCIBILITY TO MEAN
    CONCENTRATION OF DUPLICATE DETERMINATION WITH 95 PERCENT CONFIDENCE
                                                           
                                                                               
            Element          Repeatability          Reproducibility          
                                                                               
                                                                       
               Ag               0.195X                   0.314X             a

               Al               0.232X                   0.444X             
               B               12.9                    22.6                b b

               Ba               0.238X                   0.421X             
               Be               0.082                     0.082              b b

               Ca               0.356X                   1.27X              
               Cd               0.385X                   0.571X             
               Co               0.291X                   0.529X             
               Cr               0.187X                   0.195X             
               Cu               0.212X                   0.322X             
               Fe               0.257X                   0.348X             
               Mg               0.238X                   0.399X             
               Mn               1.96X1/2                 4.02X1/2           c

               Mo               0.701X                   0.857X             
               Ni               0.212X                   0.390X             
               Pb               0.206X                   0.303X             
               Sr               0.283X                   0.368X             
               V              1.03X1/2                 2.23X1/2           
               Zn             3.82X1/2                 7.69X1/2           
 
                                                                               
                                                                            
Log transformed variable based on one-way analysis of variance.             a

Repeatability and reproducibility were independent of concentration.        b

Square root transformed variable based on one-way analysis of variance.      c
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                                 TABLE 2.
                 REPEATABILITY AND REPRODUCIBILITY FOR LEAD
                              BY METHOD 3051
 
                                                                              

            Average Value      Repeatability      Reproducibility       
                                                                               
                                                                      
                   50                10.3                15.2             
                  100                20.6                30.3             
                  200                41.2                60.6             
                  300                61.8                90.9             
                  400                82.4               121               
                  500               103                 152               
                                                                          
All results are in mg/Kg                                                  
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                                  TABLE 3.
        RECOVERY AND BIAS DATA FOR SRM 1085 - WEAR METALS IN OIL

                                                                              

            Amount    Amount
       Expected    Found* Absolute Relative Significant

     (Certified     (95% Conf   Bias       Bias       (due to more
Element     Range)    Interval) (µg/g) (Percent)    than chance)
                                                                               
  Ag        (291)**       234±16    --    --          --              
  Al  296±4       295±12    -1     0          No
  Cr         298±5       293±10    -5    -2          No
  Cu  295±10       289±9    -6    -2          No
  Fe  300±4       311±14   +11    +4         No 
  Mg  297±3       270±11   -27    -9          Yes
  Mo  292±11       238±11   -54    -18       Yes
  Mi  303±7       293±9   -10    -3          No
  Pb  (305)**       279±8    --    --          --
  
All values in mg/Kg                                                           
     
                                                                              

 *Results taken from table 4-7, Ref. 2.
 
 **Value not certified, so should not be used in bias detection and  estimation.
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                                       METHOD 3051
(MICROWAVE ASSISTED ACID DIGESTION OF SEDIMENTS, SLUDGES, SOILS, AND OILS)
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 METHOD 6010B

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY

1.0  SCOPE AND APPLICATION
 

1.1 Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines
trace elements, including metals, in solution.  The method is applicable to all of the elements listed
in Table 1.  All matrices, excluding filtered groundwater samples but including ground water,
aqueous samples, TCLP and EP extracts, industrial and organic wastes, soils, sludges, sediments,
and other solid wastes, require digestion prior to analysis.  Groundwater samples that have been
prefiltered and acidified will not need acid digestion.  Samples which are not digested must either
use an internal standard or be matrix matched with the standards.  Refer to Chapter Three for the
appropriate digestion procedures.
 

1.2 Table 1 lists the elements for which this method is applicable.  Detection limits,
sensitivity, and the optimum and linear concentration ranges of the elements can vary with the
wavelength, spectrometer, matrix and operating conditions.  Table 1 lists the recommended
analytical wavelengths and estimated instrumental detection limits for the elements in clean aqueous
matrices.  The instrument detection limit data may be used to estimate instrument and method
performance for other sample matrices.  Elements and matrices other than those listed in Table 1
may be analyzed by this method if performance at the concentration levels of interest (see Section
8.0) is demonstrated.

1.3   Users of the method should state the data quality objectives prior to analysis and must
document and have on file the required initial demonstration performance data described in the
following sections prior to using the method for analysis.

1.4 Use of this method is restricted to spectroscopists who are knowledgeable in the
correction of spectral, chemical, and physical interferences described in this method.  

2.0 SUMMARY OF METHOD
 

2.1  Prior to analysis, samples must be solubilized or digested using appropriate Sample
Preparation Methods (e.g. Chapter Three).  When analyzing groundwater samples for dissolved
constituents, acid digestion is not necessary if the samples are filtered and acid preserved prior to
analysis.

2.2  This method describes multielemental determinations by ICP-AES using sequential or
simultaneous optical systems and axial or radial viewing of the plasma.  The instrument measures
characteristic emission spectra by optical spectrometry.  Samples are nebulized and the resulting
aerosol is transported to the plasma torch.  Element-specific emission spectra are produced by a
radio-frequency inductively coupled plasma.  The spectra are dispersed by a grating spectrometer,
and the intensities of the emission lines are monitored by photosensitive devices.   Background
correction is required for trace element determination.  Background must be measured adjacent to
analyte lines on samples during analysis.  The position selected for the background-intensity
measurement, on either or both sides of the analytical line, will be determined by the complexity of
the spectrum adjacent to the analyte line. In one mode of analysis the position used should be as
free as possible from spectral interference and should reflect the same  change in background
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intensity as occurs at the analyte wavelength measured. Background correction is not required in
cases of line broadening where a background correction measurement would actually degrade the
analytical result.  The possibility of additional interferences named in Section 3.0 should also be
recognized and appropriate corrections made; tests for their presence are described in Section 8.5.
Alternatively, users may choose multivariate calibration methods.  In this case, point selections for
background correction are superfluous since whole spectral regions are processed.

3.0  INTERFERENCES

3.1  Spectral interferences are caused by background emission from continuous or
recombination phenomena, stray light from the line emission of high concentration elements, overlap
of a spectral line from another element, or unresolved overlap of molecular band spectra.  

3.1.1  Background emission and stray light can usually be compensated for by
subtracting the background emission determined by measurements adjacent to the analyte
wavelength peak.  Spectral scans of samples or single element solutions in the analyte
regions may indicate when alternate wavelengths are desirable because of severe spectral
interference.  These scans will also show whether the most appropriate estimate of the
background emission is provided by an interpolation from measurements on both sides of
the wavelength peak or by measured emission on only one side.  The locations selected for
the measurement of background intensity will be determined by the complexity of the
spectrum adjacent to the wavelength peak.  The locations used for routine measurement
must be free of off-line spectral interference (interelement or molecular) or adequately
corrected to reflect the same change in background intensity as occurs at the wavelength
peak. For multivariate methods using whole spectral regions, background scans should be
included in the correction algorithm.  Off-line spectral interferences are handled by including
spectra on interfering species in the algorithm. 

3.1.2 To determine the appropriate location for off-line background correction, the
user must scan the area on either side adjacent to the wavelength and record the apparent
emission intensity from all other method analytes.  This spectral information must be
documented and kept on file.  The location selected for background correction must be either
free of off-line interelement spectral interference or a computer routine must be used for
automatic correction on all determinations.  If a wavelength other than the recommended
wavelength is used, the analyst must determine and document both the overlapping and
nearby spectral interference effects from all method analytes and common elements and
provide for their automatic correction on all analyses.  Tests to determine spectral
interference must be done using analyte concentrations that will adequately describe the
interference.  Normally, 100 mg/L single element solutions are sufficient; however, for
analytes such as iron that may be found at high concentration, a more appropriate test would
be to use a concentration near the upper analytical range limit.  

3.1.3  Spectral overlaps may be avoided by using an alternate wavelength or can be
compensated by equations that correct for interelement contributions.  Instruments that use
equations for interelement correction require the interfering elements be analyzed at the
same time as the element of interest.  When operative and uncorrected, interferences will
produce false positive determinations and be reported as analyte concentrations.  More
extensive information on interferant effects at various wavelengths and resolutions is
available in reference wavelength tables and books.  Users may apply interelement
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correction equations determined on their instruments with tested concentration ranges to
compensate (off line or on line) for the effects of interfering elements.  Some potential
spectral interferences observed for the recommended wavelengths are given in Table 2. For
multivariate methods using whole spectral regions, spectral interferences are handled by
including spectra of the interfering elements in the algorithm. The interferences listed are
only those that occur between method analytes.  Only interferences of a direct overlap nature
are listed.  These overlaps were observed with a single instrument having a working
resolution of 0.035 nm.

3.1.4 When using interelement correction equations, the interference may be
expressed as analyte concentration equivalents (i.e. false analyte concentrations) arising
from 100 mg/L of the interference element.  For example, assume that As is to be
determined (at 193.696 nm) in a sample containing approximately 10 mg/L of Al.  According
to Table 2, 100 mg/L of Al would yield a false signal for As equivalent to approximately 1.3
mg/L. Therefore, the presence of 10 mg/L of Al would result in a false signal for As
equivalent to approximately 0.13 mg/L.  The user is cautioned that other instruments may
exhibit somewhat different levels of interference than those shown in Table 2.  The
interference effects must be evaluated for each individual instrument since the intensities will
vary.

3.1.5  Interelement corrections will vary for the same emission line among
instruments because of differences in resolution, as determined by the grating, the entrance
and exit slit widths, and by the order of dispersion.  Interelement corrections will also vary
depending upon the choice of background correction points.  Selecting a background
correction point where an interfering emission line may appear should be avoided when
practical.  Interelement corrections that constitute a major portion of an emission signal may
not yield accurate data.  Users should not forget that some samples may contain uncommon
elements that could contribute spectral interferences. 

3.1.6  The interference effects must be evaluated for each individual instrument
whether configured as a sequential or simultaneous instrument.  For each instrument,
intensities will vary not only with optical resolution but also with operating conditions (such
as power, viewing height and argon flow rate).  When using the recommended wavelengths,
the analyst is required to determine and document for each wavelength the effect from
referenced interferences (Table 2) as well as any other suspected interferences that may be
specific to the instrument or matrix.  The analyst is encouraged to utilize a computer routine
for  automatic correction on all analyses.  

3.1.7 Users of sequential instruments must verify the absence of spectral
interference by scanning over a range of 0.5 nm centered on the wavelength of interest for
several samples.  The range for lead, for example, would be from 220.6 to 220.1 nm.  This
procedure must be repeated whenever a new matrix is to be analyzed and when a new
calibration curve using different instrumental conditions is to be prepared.  Samples that
show an elevated background emission across the range may be background corrected by
applying a correction factor equal to the emission adjacent to the line or at two points on
either side of the line and interpolating between them.  An alternate wavelength that does
not exhibit a background shift or spectral overlap may also be used.  
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3.1.8  If the correction routine is operating properly, the determined apparent
analyte(s) concentration from analysis of each interference solution should fall within a
specific concentration range around the calibration blank.  The concentration range is
calculated by multiplying the concentration of the interfering element by the value of the
correction factor being tested and divided by 10.  If after the subtraction of the calibration
blank the apparent analyte concentration falls outside of this range in either a positive or
negative direction, a change in the correction factor of more than 10% should be suspected.
The cause of the change should be determined and corrected and the correction factor
updated.  The interference check solutions should be analyzed more than once to confirm
a change has occurred.  Adequate rinse time between solutions and before analysis of the
calibration blank will assist in the confirmation.   

3.1.9  When interelement corrections are applied, their accuracy should be verified,
daily, by analyzing spectral interference check solutions.  If the correction factors or
multivariate correction matrices tested on a daily basis are found to be within the 20% criteria
for 5 consecutive days, the required verification frequency of those factors in compliance may
be extended to a weekly basis.  Also, if the nature of the samples analyzed is such they do
not contain concentrations of the interfering elements at ± one reporting limit from zero, daily
verification is not required.  All interelement spectral correction factors or multivariate
correction matrices must be verified and updated every six months or when an
instrumentation change, such as in the torch, nebulizer, injector, or plasma conditions
occurs.  Standard solution should be inspected to ensure that there is no contamination that
may be perceived as a spectral interference.   

3.1.10  When interelement corrections are not used, verification of absence of
interferences is required.  

3.1.10.1  One method is to use a computer software routine for comparing
the determinative data to limits files for notifying the analyst when an interfering
element is detected in the sample at a concentration that will produce either an
apparent false positive concentration, (i.e., greater than) the analyte instrument
detection limit, or false negative analyte concentration, (i.e., less than the lower
control limit of the calibration blank defined for a 99% confidence interval).

3.1.10.2  Another method is to analyze an Interference Check Solution(s)
which contains similar concentrations of the major components of the samples (>10
mg/L) on a continuing basis to verify the absence of effects at the wavelengths
selected.  These data must be kept on file with the sample analysis data.  If the
check solution confirms an operative interference that is > 20% of the analyte
concentration, the analyte must be determined using (1) analytical and background
correction wavelengths (or spectral regions) free of the interference, (2) by an
alternative wavelength, or (3) by another documented test procedure.  

3.2 Physical interferences are effects associated with the sample nebulization and
transport processes.  Changes in viscosity and surface tension can cause significant inaccuracies,
especially in samples containing high dissolved solids or high acid concentrations.  If physical
interferences are present, they must be reduced by diluting the sample or by using a peristaltic
pump, by using an internal standard or by using a high solids nebulizer.  Another problem that can
occur with high dissolved solids is salt buildup at the tip of the nebulizer, affecting aerosol flow rate



CD-ROM 6010B - 5 Revision 2
December 1996

and causing instrumental drift.  The problem can be controlled by wetting the argon prior to
nebulization, using a tip washer, using a high solids nebulizer or diluting the sample.  Also, it has
been reported that better control of the argon flow rate, especially to the nebulizer, improves
instrument performance: this may be  accomplished with the use of mass flow controllers.  The test
described in Section 8.5.1 will help determine if a physical interference is present.

3.3 Chemical interferences include molecular compound formation, ionization effects, and
solute vaporization effects.  Normally, these effects are not significant with the ICP technique, but
if observed, can be minimized by careful selection of operating conditions (incident power,
observation position, and so forth), by buffering of the sample, by matrix matching, and by standard
addition procedures.  Chemical interferences are highly dependent on matrix type and the specific
analyte element.
  

3.4  Memory interferences result when analytes in a previous sample contribute to the
signals measured in a new sample.  Memory effects can result from sample deposition on the uptake
tubing to the nebulizer and from the build up of sample material in the plasma torch and spray
chamber.  The site where these effects occur is dependent on the element and can be minimized
by flushing the system with a rinse blank between samples.  The possibility of memory interferences
should be recognized within an analytical run and suitable rinse times should be used to reduce
them.  The rinse times necessary for a particular element must be estimated prior to analysis.  This
may be achieved by aspirating a standard containing elements at a concentration ten times the usual
amount or at the top of the linear dynamic range.  The aspiration time for this sample should be the
same as a normal sample analysis period, followed by analysis of the rinse blank at designated
intervals.  The length of time required to reduce analyte signals to within a factor of two of the
method detection limit should be noted.  Until the required rinse time is established, this method
suggests a rinse period of at least 60 seconds between samples and standards.  If a memory
interference is suspected, the sample must be reanalyzed after a rinse period of sufficient length.
Alternate rinse times may be established by the analyst based upon their DQOs.

3.5 Users are advised that high salt concentrations can cause analyte signal
suppressions and confuse interference tests.  If the instrument does not display negative values,
fortify the interference check solution with the elements of interest at 0.5 to 1 mg/L and measure the
added standard concentration accordingly. Concentrations should be within 20% of the true spiked
concentration or dilution of the samples will be necessary.  In the absence of measurable analyte,
overcorrection could go undetected if a negative value is reported as zero. 

3.6 The dashes in Table 2 indicate that no measurable interferences were observed even
at higher interferant concentrations.  Generally, interferences were discernible if they produced
peaks, or background shifts, corresponding to 2 to 5% of the peaks generated by the analyte
concentrations.

4.0  APPARATUS AND MATERIALS

4.1  Inductively coupled argon plasma emission spectrometer:
 

4.1.1  Computer-controlled emission spectrometer with background correction.

4.1.2 Radio-frequency generator compliant with FCC regulations.
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4.1.3 Optional mass flow controller for argon nebulizer gas supply.

4.1.4 Optional peristaltic pump.

4.1.5 Optional Autosampler.

4.1.6 Argon gas supply - high purity.

4.2  Volumetric flasks of suitable precision and accuracy.

4.3  Volumetric pipets of suitable precision and accuracy.

5.0  REAGENTS
 
  5.1  Reagent or trace metals grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where such specifications are available.
Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.  If the purity of a reagent is in
question analyze for contamination.  If the concentration of the contamination is less than the MDL
then the reagent is acceptable.
 

5.1.1  Hydrochloric acid (conc), HCl.
      

5.1.2  Hydrochloric acid (1:1), HCl. Add 500 mL concentrated HCl to 400 mL water
and dilute to 1 liter in an appropriately sized beaker.

 
  5.1.3  Nitric acid (conc), HNO .3

 
5.1.4  Nitric acid (1:1), HNO . Add 500 mL concentrated HNO  to 400 mL water and3      3

dilute to 1 liter in an appropriately sized beaker.

5.2 Reagent Water. All references to water in the method refer to reagent water unless
otherwise specified.  Reagent water will be interference free.  Refer to Chapter One for a definition
of reagent water.

5.3 Standard stock solutions may be purchased or prepared from ultra- high purity grade
chemicals or metals (99.99% pure or greater).  All salts must be dried for 1 hour at 105EC, unless
otherwise specified. 

Note: This section does not apply when analyzing samples that have been prepared by
Method 3040.

CAUTION:  Many metal salts are extremely toxic if inhaled or swallowed.  Wash hands
thoroughly after handling. 

Typical stock solution preparation procedures follow.  Concentrations are calculated based upon the
weight of pure metal added, or with the use of the element fraction and the weight of the metal salt
added.
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For metals:
                                              weight (mg)           Concentration (ppm) = )))))))))))  volume (L)                                               

For metal salts:                                             weight (mg) x mole fraction           Concentration (ppm) =  )))))))))))))))))))))))))))                                                        volume (L) 

5.3.1  Aluminum solution, stock, 1 mL = 1000 µg Al: Dissolve  1.000 g of aluminum
metal, weighed accurately to at least four significant figures, in an acid mixture of 4.0 mL of
(1:1) HCl and 1.0 mL of concentrated HN0  in a beaker. Warm beaker slowly to effect3

solution. When dissolution is complete, transfer solution quantitatively to a 1-liter flask, add
an additional 10.0 mL of (1:1) HCl and dilute to volume with reagent water.

NOTE:  Weight of analyte is expressed to four significant figures for consistency with the
weights below because rounding to two decimal places can contribute up to 4 % error for
some of the compounds.

5.3.2  Antimony solution, stock, 1 mL = 1000 µg Sb: Dissolve  2.6673 g
K(SbO)C H O  (element fraction Sb = 0.3749), weighed accurately to at least four significant4 4 6

figures, in water, add 10 mL (1:1) HCl, and dilute to volume in a 1,000 mL volumetric flask
with water.

 
5.3.3  Arsenic solution, stock, 1 mL = 1000 µg As:  Dissolve 1.3203 g of As O2 3

(element fraction As = 0.7574), weighed accurately to at least four significant figures, in 100
mL of water containing 0.4 g NaOH.  Acidify the solution with 2 mL concentrated HNO  and3

dilute to volume in a 1,000 mL volumetric flask with water.

5.3.4  Barium solution, stock, 1 mL = 1000 µg Ba: Dissolve 1.5163 g BaCl  (element2

fraction Ba = 0.6595), dried at 250EC for 2 hours, weighed accurately to at least four
significant figures, in 10 mL water with 1 mL (1:1) HCl. Add 10.0 mL (1:1) HCl and dilute to
volume in a 1,000 mL volumetric flask with water.

5.3.5  Beryllium solution, stock, 1 mL = 1000 µg Be: Do not dry. Dissolve 19.6463
g BeSO 4H O (element fraction Be = 0.0509), weighed accurately to at least four significant4 2

.

figures, in water, add 10.0 mL concentrated HNO , and dilute to volume in a 1,000 mL3

volumetric flask with water.

5.3.6  Boron solution, stock, 1 mL = 1000 µg B: Do not dry.  Dissolve 5.716 g
anhydrous H BO  (B fraction = 0.1749), weighed accurately to at least four significant figures,3 3

in reagent water and dilute in a 1-L volumetric flask with reagent water.  Transfer immediately
after mixing in a clean polytetrafluoroethylene (PTFE) bottle to minimize any leaching of
boron from the glass volumetric container.  Use of a non-glass volumetric flask is
recommended to avoid boron contamination from glassware.

5.3.7  Cadmium solution, stock, 1 mL = 1000 µg Cd:  Dissolve 1.1423 g CdO
(element fraction Cd = 0.8754), weighed accurately to at least four significant figures, in a
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minimum amount of (1:1) HNO . Heat to increase rate of dissolution.  Add 10.0 mL3

concentrated HNO  and dilute to volume in a 1,000 mL volumetric flask with water.3

5.3.8  Calcium solution, stock, 1 mL = 1000 µg Ca: Suspend 2.4969 g CaCO3

(element Ca fraction = 0.4005), dried at 180EC for 1 hour before weighing, weighed
accurately to at least four significant figures, in water and dissolve cautiously with a minimum
amount of (1:1) HNO .  Add 10.0 mL concentrated HNO  and dilute to volume in a 1,000 mL3       3

volumetric flask with water.

5.3.9  Chromium solution, stock, 1 mL = 1000 µg Cr: Dissolve  1.9231 g CrO3

(element fraction Cr = 0.5200), weighed accurately to at least four significant figures, in
water.  When solution is complete, acidify with 10 mL concentrated HNO  and dilute to3

volume in a 1,000 mL volumetric flask with water.

5.3.10  Cobalt solution, stock, 1 mL = 1000 µg Co: Dissolve 1.00 g of cobalt metal,
weighed accurately to at least four significant figures, in a minimum amount of (1:1) HNO .3

Add 10.0 mL (1:1) HCl and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.11  Copper solution, stock, 1 mL = 1000 µg Cu:  Dissolve 1.2564 g CuO (element
fraction Cu = 0.7989), weighed accurately to at least four significant figures), in a minimum
amount of (1:1) HNO .  Add 10.0 mL concentrated HNO  and dilute to volume in a 1,000 mL3       3

volumetric flask with water.

5.3.12  Iron solution, stock, 1 mL = 1000 µg Fe: Dissolve 1.4298 g Fe O  (element2 3

fraction Fe = 0.6994), weighed accurately to at least four significant figures, in a warm
mixture of 20 mL (1:1) HCl and 2 mL of concentrated HNO .  Cool, add an additional 5.0 mL3

of concentrated HNO , and dilute to volume in a 1,000 mL volumetric flask with water.3

5.3.13  Lead solution, stock, 1 mL = 1000 µg Pb: Dissolve 1.5985 g Pb(NO )3 2

(element fraction Pb = 0.6256), weighed accurately to at least four significant figures, in a
minimum amount of (1:1) HNO .  Add 10 mL (1:1) HNO  and dilute to volume in a 1,000 mL3       3

volumetric flask with water.

5.3.14  Lithium solution, stock, 1 mL = 1000 µg Li: Dissolve 5.3248 g lithium
carbonate (element fraction Li = 0.1878), weighed accurately to at least four significant
figures, in a minimum amount of (1:1) HCl and dilute to volume in a 1,000 mL volumetric
flask with water.

5.3.15  Magnesium solution, stock, 1 mL = 1000 µg Mg: Dissolve  1.6584 g MgO
(element fraction Mg = 0.6030), weighed accurately to at least four significant figures, in a
minimum amount of (1:1) HNO .  Add  10.0 mL (1:1) concentrated HNO  and dilute to volume3         3

in a 1,000 mL volumetric flask with water.

5.3.16  Manganese solution, stock, 1 mL = 1000 µg Mn: Dissolve 1.00 g of
manganese metal, weighed accurately to at least four significant figures, in acid mixture (10
mL concentrated HCl and 1 mL concentrated HNO ) and dilute to volume in a 1,000 mL3

volumetric flask with water.
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5.3.17  Mercury solution, stock, 1 mL = 1000 µg Hg: Do not dry, highly toxic element.
Dissolve 1.354 g HgCl  (Hg fraction = 0.7388) in reagent water.  Add 50.0 mL concentrated2

HNO  and dilute to volume in 1-L volumetric flask with reagent water.3

5.3.18  Molybdenum solution, stock, 1 mL = 1000 µg Mo: Dissolve  1.7325 g
(NH ) Mo O .4H O (element fraction Mo = 0.5772), weighed accurately to at least four4 6 7 24 2

significant figures, in water and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.19  Nickel solution, stock, 1 mL = 1000 µg Ni: Dissolve  1.00 g of nickel metal,
weighed accurately to at least four significant figures, in 10.0 mL hot concentrated HNO ,3

cool, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.20  Phosphate solution, stock, 1 mL = 1000 µg P: Dissolve 4.3937 g anhydrous
KH PO  (element fraction P = 0.2276), weighed accurately to at least four significant figures,2 4

in water.  Dilute to volume in a 1,000 mL volumetric flask with water.

5.3.21  Potassium solution, stock, 1 mL = 1000 µg K: Dissolve 1.9069 g KCl (element
fraction K = 0.5244) dried at 110EC, weighed accurately to at least four significant figures,
in water, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.22  Selenium solution, stock, 1 mL = 1000 µg Se: Do not dry.  Dissolve 1.6332
g H SeO  (element fraction Se = 0.6123), weighed accurately to at least four significant2 3

figures, in water and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.23  Silica solution, stock, 1 mL = 1000 µg SiO : Do not dry.  Dissolve 2.964 g2

NH SiF , weighed accurately to at least four significant figures, in 200 mL (1:20) HCl with4 6

heating at 85EC to effect dissolution.  Let solution cool and dilute to volume in a 1-L
volumetric flask with reagent water.

5.3.24  Silver solution, stock, 1 mL = 1000 µg Ag: Dissolve 1.5748 g AgNO  (element3

fraction Ag = 0.6350), weighed accurately to at least four significant figures, in water and 10
mL concentrated HNO . Dilute to volume in a 1,000 mL volumetric flask with water.3

5.3.25  Sodium solution, stock, 1 mL = 1000 µg Na:  Dissolve 2.5419 g NaCl (element
fraction Na = 0.3934), weighed accurately to at least four significant figures, in water. Add
10.0 mL concentrated HNO  and dilute to volume in a 1,000 mL volumetric flask with water.3

5.3.26  Strontium solution, stock, 1 mL = 1000 µg Sr: Dissolve 2.4154 g of strontium
nitrate (Sr(NO ) ) (element fraction Sr = 0.4140), weighed accurately to at least four3 2

significant figures, in a 1-liter flask containing 10 mL of concentrated HCl and 700 mL of
water.  Dilute to volume in a 1,000 mL volumetric flask with water.

5.3.27  Thallium solution, stock, 1 mL = 1000 µg Tl: Dissolve  1.3034 g TlNO3

(element fraction Tl = 0.7672), weighed accurately to at least four significant figures, in water.
Add 10.0 mL concentrated HNO  and dilute to volume in a 1,000 mL volumetric flask with3

water.
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5.3.28  Tin solution, stock, 1 mL = 1000 µg Sn: Dissolve 1.000 g Sn shot, weighed
accurately to at least 4 significant figures, in 200 mL (1:1) HCl with heating to effect
dissolution.  Let solution cool and dilute with (1:1) HCl in a 1-L volumetric flask.

5.3.29  Vanadium solution, stock, 1 mL = 1000 µg V: Dissolve 2.2957 g NH VO4 3

(element fraction V = 0.4356), weighed accurately to at least four significant figures, in a
minimum amount of concentrated HNO .  Heat to increase rate of dissolution.  Add 10.0 mL3

concentrated HNO  and dilute to volume in a 1,000 mL volumetric flask with water.3

5.3.30  Zinc solution, stock, 1 mL = 1000 µg Zn: Dissolve 1.2447 g ZnO (element
fraction Zn = 0.8034), weighed accurately to at least four significant figures, in a minimum
amount of dilute HNO .  Add 10.0 mL concentrated HNO  and dilute to volume in a 1,000 mL3       3

volumetric flask with water.

5.4   Mixed calibration standard solutions - Prepare mixed calibration standard solutions by
combining appropriate volumes of the stock solutions in volumetric flasks (see Table 3).  Add the
appropriate types and volumes of acids so that the standards are matrix matched with the sample
digestates.  Prior to preparing the mixed standards, each stock solution should be analyzed
separately to determine possible spectral interference or the presence of impurities.  Care should
be taken when preparing the mixed standards to ensure that the elements are compatible and stable
together.  Transfer the mixed standard solutions to FEP fluorocarbon or previously unused
polyethylene or polypropylene bottles for storage.  Fresh mixed standards should be prepared, as
needed, with the realization that concentration can change on aging.  Some typical calibration
standard combinations are listed in Table 3.

NOTE:  If the addition of silver to the recommended acid combination results in an initial
precipitation, add 15 mL of water and warm the flask until the solution clears.  Cool and dilute
to 100 mL with water. For this acid combination, the silver concentration should be limited
to 2 mg/L.  Silver under these conditions is stable in a tap-water matrix for 30 days.  Higher
concentrations of silver require additional HCl.

5.5  Two types of blanks are required for the analysis for samples prepared by any method
other than 3040.  The calibration blank is used in establishing the analytical curve, and the method
blank is used to identify possible contamination resulting from varying amounts of the acids used in
the sample processing. 
 

5.5.1  The calibration blank is prepared by acidifying reagent water to the same
concentrations of the acids found in the standards and samples.  Prepare a sufficient
quantity to flush the system between standards and samples.  The calibration blank will also
be used for all initial and continuing calibration blank determinations (see Sections 7.3 and
7.4).

5.5.2  The method blank must contain all of the reagents in the same volumes as
used in the processing of the samples.  The method blank must be carried through the
complete procedure and contain the same acid concentration in the final solution as the
sample solution used for analysis. 
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5.6  The Initial Calibration Verification (ICV) is prepared by the analyst by combining
compatible elements from a standard source different than that of the calibration standard and at
concentrations within the linear working range of the instrument (see Section 8.6.1 for use).

5.7 The Continuing Calibration Verification (CCV)) should be prepared in the same acid
matrix using the same standards used for calibration at a concentration near the mid-point of the
calibration curve (see Section 8.6.1 for use).

5.8  The interference check solution is prepared to contain known concentrations of
interfering elements that will provide an adequate test of the correction factors.  Spike the sample
with the elements of interest, particularly those with known interferences at 0.5 to 1 mg/L.  In the
absence of measurable analyte, overcorrection could go undetected because a negative value could
be reported as zero.  If the particular instrument will display overcorrection as a negative number,
this spiking procedure will not be necessary.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  See the introductory material in Chapter Three, Inorganic Analytes, Sections  3.1 through
3.3.

7.0  PROCEDURE
 

7.1  Preliminary treatment of most matrices is necessary because of the complexity and
variability of sample matrices.  Groundwater samples which have been prefiltered and acidified will
not need acid digestion.  Samples which are not digested must either use an internal standard or
be matrix matched with the standards.  Solubilization and digestion procedures are presented in
Sample Preparation Methods (Chapter Three, Inorganic Analytes).

7.2  Set up the instrument with proper operating parameters established as detailed below.
The instrument must be allowed to become thermally stable before beginning (usually requiring at
least 30 minutes of operation prior to calibration).   Operating conditions - The analyst should follow
the instructions provided by the instrument manufacturer. 

7.2.1  Before using this procedure to analyze samples, there must be data available
documenting initial demonstration of performance.  The required data document the selection
criteria of background correction points; analytical dynamic ranges, the applicable equations,
and the upper limits of those ranges; the method and instrument detection limits; and the
determination and verification of interelement correction equations or other routines for
correcting spectral interferences.  This data must be generated using the same instrument,
operating conditions and calibration routine to be used for sample analysis.  These
documented data must be kept on file and be available for review by the data user or auditor.

7.2.2  Specific wavelengths are listed in Table 1.  Other wavelengths may be
substituted if they can provide the needed sensitivity and are corrected for spectral
interference.  Because of differences among various makes and models of spectrometers,
specific instrument operating conditions cannot be provided.  The instrument and operating
conditions utilized for determination must be capable of providing data of acceptable quality
to the program and data user.  The analyst should follow the instructions provided by the
instrument manufacturer unless other conditions provide similar or better performance for
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a task.  Operating conditions for aqueous solutions usually vary from 1100 to 1200 watts
forward power, 14 to 18 mm viewing height, 15 to 19 liters/min argon coolant flow, 0.6 to 1.5
L/min argon nebulizer flow, 1 to 1.8 mL/min sample pumping rate with a 1 minute preflush
time and measurement time near 1 second per wavelength peak for sequential instruments
and 10 seconds per sample for simultaneous instruments. For an axial plasma, the
conditions will usually vary from 1100-1500 watts forward power, 15-19 liters/min argon
coolant flow, 0.6-1.5 L/min argon nebulizer flow, 1-1.8 mL/min sample pumping rate with a
1 minute preflush time and measurement time near 1 second per wavelength peak for
sequential instruments and 10 seconds per sample for simultaneous instruments.
Reproduction of the Cu/Mn intensity ratio at 324.754 nm and 257.610 nm respectively, by
adjusting the argon aerosol flow has been recommended as a way to achieve repeatable
interference correction factors. 

7.2.3  The plasma operating conditions need to be optimized prior to use of the
instrument. This routine is not required on a daily basis, but only when first setting up a new
instrument or following a change in operating conditions.  The following procedure is
recommended or follow manufacturer’s recommendations. The purpose of plasma
optimization is to provide a maximum signal to background ratio for some of the least
sensitive elements in the analytical array.  The use of a mass flow controller to regulate the
nebulizer gas flow or source optimization software greatly facilitates the procedure. 

7.2.3.1  Ignite the radial plasma and select an appropriate incident RF power.
Allow the instrument to become thermally stable before beginning, about 30 to 60
minutes of operation.  While aspirating a 1000 ug/L solution of yttrium, follow the
instrument manufacturer's instructions and adjust the aerosol carrier gas flow rate
through the nebulizer so a definitive blue emission region of the plasma extends
approximately from 5 to 20 mm above the top of the load coil.  Record the nebulizer
gas flow rate or pressure setting for future reference.  The yttrium solution can also
be used for coarse optical alignment of the torch by observing the overlay of the blue
light over the entrance slit to the optical system.

7.2.3.2  After establishing the nebulizer gas flow rate, determine the solution
uptake rate of the nebulizer in mL/min by aspirating a known volume of calibration
blank for a period of at least three minutes.  Divide the volume aspirated by the time
in minutes and record the uptake rate; set the peristaltic pump to deliver the rate in
a steady even flow. 

7.2.3.3  Profile the instrument to align it optically as it will be used during
analysis.  The following procedure can be used for both horizontal and vertical
optimization in the radial mode, but is written for vertical.  Aspirate a solution
containing 10 ug/L of several selected elements.  These elements can be As, Se, Tl
or Pb as the least sensitive of the elements and most needing to be optimize or
others representing analytical judgement (V, Cr, Cu, Li and Mn are also used with
success).  Collect intensity data at the wavelength peak for each analyte at 1 mm
intervals from 14 to 18 mm above the load coil. (This region of the plasma is referred
to as the analytical zone.)  Repeat the process using the calibration blank.
Determine the net signal to blank intensity ratio for each analyte for each viewing
height setting.  Choose the height for viewing the plasma that provides the best net
intensity ratios for the elements analyzed or the highest intensity ratio for the least
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sensitive element.  For optimization in the axial mode, follow the instrument
manufacturer’s instructions.

7.2.3.4  The instrument operating condition finally selected as being optimum
should provide the lowest reliable instrument detection limits and method detection
limits.   

7.2.3.5  If either the instrument operating conditions, such as incident power
or nebulizer gas flow rate are changed, or a new torch injector tube with a different
orifice internal diameter is installed, the plasma and viewing height should be re-
optimized.

7.2.3.6  After completing the initial optimization of operating conditions, but
before analyzing samples, the laboratory must establish and initially verify an
interelement spectral interference correction routine to be used during sample
analysis.  A general description concerning spectral interference and the analytical
requirements for background correction in particular are discussed in the section on
interferences.  Criteria for determining an interelement spectral interference is an
apparent positive or negative concentration for the analyte that falls within ± one
reporting limit from zero.  The upper control limit is the analyte instrument detection
limit.  Once established the entire routine must be periodically verified every six
months.  Only a portion of the correction routine must be verified more frequently or
on a daily basis.  Initial and periodic verification of the routine should be kept on file.
Special cases where continual verification is required are described elsewhere.   

7.2.3.7 Before daily calibration and after the instrument warmup period, the
nebulizer gas flow rate must be reset to the determined optimized flow.  If a mass
flow controller is being used, it should be set to the recorded optimized flow rate,  In
order to maintain valid spectral interelement correction routines the nebulizer gas
flow rate should be the same (< 2% change) from day to day.  

7.2.4  For operation with organic solvents, use of the auxiliary argon inlet is
recommended, as are solvent-resistant tubing, increased plasma (coolant) argon flow,
decreased nebulizer flow, and increased RF power to obtain stable operation and precise
measurements. 

7.2.5  Sensitivity, instrumental detection limit, precision, linear dynamic range, and
interference effects must be established for each individual analyte line on each particular
instrument.  All measurements must be within the instrument linear range where the
correction equations are valid.   

7.2.5.1  Method detection limits must be established for all wavelengths
utilized for each type of matrix commonly analyzed.  The matrix used  for the MDL
calculation must contain analytes of known concentrations within 3-5 times the
anticipated detection limit. Refer to Chapter One for additional guidance on the
performance of MDL studies.

7.2.5.2  Determination of limits using reagent water represent a best case
situation and do not represent possible matrix effects of real world samples.  
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7.2.5.3  If additional confirmation is desired, reanalyze the seven replicate
aliquots on two more non consecutive days and again calculate the method detection
limit values for each day.  An average of the three values for each analyte may
provide for a more appropriate estimate.  Successful analysis of samples with added
analytes or using method of standard additions can give confidence in the method
detection limit values determined in reagent water. 

 
7.2.5.4  The upper limit of the linear dynamic range must be established for

each wavelength utilized by determining the signal responses from a minimum for
three, preferably five, different concentration standards across the range.  One of
these should be near the upper limit of the range.  The ranges which may be used
for the analysis of samples should be judged by the analyst from the resulting data.
The data, calculations and rationale for the choice of range made should be
documented and kept on file.  The upper range limit should be an observed signal
no more than 10% below the level extrapolated from lower standards.  Determined
analyte concentrations that are above the upper range limit must be diluted and
reanalyzed.  The analyst should also be aware that if an interelement correction from
an analyte above the linear range exists, a second analyte where the interelement
correction has been applied may be inaccurately reported.  New dynamic ranges
should be determined whenever there is a significant change in instrument response.
For those analytes that periodically approach the upper limit, the range should be
checked every six months.  For those analytes that are known interferences, and are
present at above the linear range, the analyst should ensure that the interelement
correction has not been inaccurately applied.

NOTE: Many of the alkali and alkaline earth metals have non-linear response curves
due to ionization and self absorption effects.  These curves may be used if the
instrument allows; however the effective range must be checked and the second
order curve fit should have a correlation coefficient of 0.995 or better.  Third order fits
are not acceptable.  These non-linear response curves should be revalidated and
recalculated every six months.  These curves are much more sensitive to changes
in operating conditions than the linear lines and should be checked whenever there
have been  moderate equipment changes. 

 
7.2.6  The analyst must (1) verify that the instrument configuration and operating

conditions satisfy the analytical requirements and (2) maintain quality control data confirming
instrument performance and analytical results. 

  
 7.3  Profile and calibrate the instrument according to the instrument manufacturer's
recommended procedures, using the typical mixed calibration standard solutions described in
Section 5.4.  Flush the system with the calibration blank (Section 5.5.1) between each standard or
as the manufacturer recommends.  (Use the average intensity of multiple exposures for both
standardization and sample analysis to reduce random error.)  The calibration curve must consist
of a minimum of a blank and a standard.

7.4  For all analytes and determinations, the laboratory must analyze an ICV (Section 5.6),
a calibration blank (Section 5.5.1), and a continuing calibration verification (CCV) (Section 5.7)
immediately following daily calibration.  A calibration blank and either a calibration verification (CCV)
or an ICV must be analyzed after every tenth sample and at the end of the sample run.  Analysis of
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the check standard  and calibration verification must verify that the instrument is within ± 10% of
calibration with relative standard deviation < 5% from replicate (minimum of two) integrations.    If
the calibration cannot be verified within the specified limits, the sample analysis must be
discontinued, the cause determined and the instrument recalibrated.   All samples following the last
acceptable ICV, CCV or check standard must be reanalyzed.  The analysis data of the calibration
blank, check standard, and ICV or CCV must be kept on file with the sample analysis data.  

 7.5   Rinse the system with the calibration blank solution (Section 5.5.1) before the analysis
of each sample.  The rinse time will be one minute.  Each laboratory may establish a reduction in
this rinse time through a suitable demonstration. 

7.6  Calculations:  If dilutions were performed, the appropriate factors must be applied to
sample values.  All results should be reported with up to three significant figures.

7.7  The MSA should be used if an interference is suspected or a new matrix is encountered.
When the method of standard additions is used, standards are added at one or more levels to
portions of a prepared sample.  This technique compensates for enhancement or depression of an
analyte signal by a matrix.  It will not correct for additive interferences, such as contamination,
interelement interferences, or baseline shifts.  This technique is valid in the linear range when the
interference effect is constant over the range, the added analyte responds the same as the
endogenous analyte, and the signal is corrected for additive interferences.  The simplest version of
this technique is the single addition method.  This procedure calls for two identical aliquots of the
sample solution to be taken.  To the first aliquot, a small volume of standard is added; while to the
second aliquot, a volume of acid blank is added equal to the standard addition.  The sample
concentration is calculated by: multiplying the intensity value for the unfortified aliquot by the volume
(Liters) and concentration (mg/L or mg/kg) of the standard addition to make the numerator; the
difference in intensities for the fortified sample and unfortified sample is multiplied by the volume
(Liters) of the sample aliquot for the denominator.  The quotient is the sample concentration.  

For more than one fortified portion of the prepared sample, linear regression analysis can be
applied using a computer or calculator program to obtain the concentration of the sample solution.

NOTE:  Refer to Method 7000 for a more detailed discussion of the MSA.

7.8  An alternative to using the method of standard additions is the internal standard
technique.  Add one or more elements not in the samples and verified not to cause an interelement
spectral interference to the samples, standards and blanks; yttrium or scandium are often used.  The
concentration should be sufficient for optimum precision but not so high as to alter the salt
concentration of the matrix.  The element intensity is used by the instrument as an internal standard
to ratio the analyte intensity signals for both calibration and quantitation.  This technique is very
useful in overcoming matrix interferences especially in high solids matrices. 

8.0  QUALITY CONTROL
 
   8.1  All quality control data should be maintained and available for easy reference or
inspection.  All quality control measures described in Chapter One should be followed.

8.2  Dilute and reanalyze samples that exceed the linear calibration  range or use an
alternate, less sensitive line for which quality control data is already established.
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8.3  Employ a minimum of one method blank per sample batch to determine if contamination
or any memory effects are occurring.  A method blank is a volume of reagent water carried through
the same preparation process as a sample (refer to Chapter One).

   8.4  Analyze matrix spiked duplicate samples at a frequency of one per matrix batch.  A
matrix duplicate sample is a sample brought through the entire sample preparation and analytical
process in duplicate.

8.4.1.1  The relative percent difference between spiked matrix duplicate
determinations is to be calculated as follows:

where:

RPD = relative percent difference.
  D  = first sample value.1

   D  = second sample value (replicate).2

(A control limit of ± 20% RPD or within the documented historical acceptance
limits for each matrix shall be used for sample values greater than ten times the
instrument detection limit.)

8.4.1.2  The spiked sample or spiked duplicate sample recovery is to be
within ± 25% of the actual value or within the documented historical acceptance limits
for each matrix.

  8.5  It is recommended that whenever a new or unusual sample matrix is encountered, a
series of tests be performed prior to reporting concentration data for analyte elements.  These tests,
as outlined in Sections 8.5.1 and 8.5.2, will ensure that neither positive nor negative interferences
are operating on any of the analyte elements to distort the accuracy of the reported values.
 

8.5.1 Dilution Test: If the analyte concentration is sufficiently high (minimally, a
factor of 10 above the instrumental detection limit after dilution), an analysis of a 1:5 dilution
should agree within ± 10% of the original determination.  If not, a chemical or physical
interference effect should be suspected.

8.5.2 Post Digestion Spike Addition: An analyte spike added to a portion of a
prepared sample, or its dilution, should be recovered to within 75% to 125% of the known
value.  The spike addition should produce a minimum level of 10 times and a maximum of
100 times the instrumental detection limit.  If the spike is not recovered within the specified
limits, a matrix effect should be suspected. 

CAUTION:  If spectral overlap is suspected, use of computerized compensation, an alternate
wavelength, or comparison with an alternate method is recommended.
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8.6  Check the instrument standardization by analyzing appropriate QC samples as follows.

8.6.1  Verify calibration with the Continuing Calibration Verification (CCV) Standard
immediately following daily calibration, after every ten samples, and at the end of an
analytical run.  Check calibration with an ICV following the initial calibration (Section 5.6).
At the laboratory’s discretion, an ICV may be used in lieu of the continuing calibration
verifications.  If used in this manner, the ICV should be at a concentration near the mid-point
of the calibration curve.  Use a calibration blank (Section 5.5.1) immediately following daily
calibration, after every 10 samples and at the end of the analytical run.

8.6.1.1  The results of the ICV and CCVs are to agree within 10% of the
expected value; if not, terminate the analysis, correct the problem, and recalibrate the
instrument.  

8.6.1.2  The results of the check standard are to agree within 10% of the
expected value; if not, terminate the analysis, correct the problem, and recalibrate the
instrument.  

8.6.1.3  The results of the calibration blank are to agree within three times the
IDL. If not, repeat the analysis two more times and average the results.  If the
average is not within three standard deviations of the background mean, terminate
the analysis, correct the problem, recalibrate, and reanalyze the previous 10
samples.  If the blank is less than 1/10 the concentration of the action level of
interest, and no sample is within ten percent of the action limit, analyses need not be
rerun and recalibration need not be performed before continuation of the run.

8.6.2   Verify the interelement and background correction factors at the beginning
of each analytical run.  Do this by analyzing the interference check sample (Section 5.8).
Results should be within ± 20% of the true value. 

9.0  METHOD PERFORMANCE

9.1 In an EPA round-robin Phase 1 study, seven laboratories applied the ICP technique
to acid-distilled water matrices that had been spiked with various metal concentrates.  Table 4 lists
the true values, the mean reported values, and the mean percent relative standard deviations.

9.2 Performance data for aqueous solutions and solid samples from a multilaboratory
study (9) are provided in Tables 5 and 6.
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TABLE 1
RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS

Detection      Estimated IDLb

Element     Wavelength (nm)  (µg/L)
a       

Aluminum 308.215 30  
Antimony 206.833 21  
Arsenic 193.696 35  
Barium 455.403  0.87  
Beryllium 313.042  0.18
Boron 249.678x2  3.8

 Cadmium 226.502  2.3  
Calcium 317.933  6.7
Chromium 267.716  4.7
Cobalt 228.616  4.7  
Copper 324.754  3.6  
Iron 259.940  4.1
Lead 220.353 28  
Lithium 670.784  2.8  
Magnesium 279.079 20  
Manganese 257.610  0.93
Mercury 194.227x2 17
Molybdenum 202.030   5.3  
Nickel 231.604x2 10  
Phosphorus 213.618 51
Potassium 766.491 See note c
Selenium 196.026 50  
Silica (SiO ) 251.611 17   2

Silver 328.068  4.7  
Sodium 588.995 19  
Strontium 407.771  0.28 
Thallium 190.864 27
Tin 189.980x2 17 
Titanium  334.941  5.0
Vanadium 292.402  5.0  
Zinc 213.856x2  1.2  

The wavelengths listed (where x2 indicates second order) are recommended because of
a

their sensitivity and overall acceptance. Other wavelengths may be substituted (e.g., in the case of
an interference) if they can provide the needed sensitivity and are treated with the same corrective
techniques for spectral interference (see Section 3.1). In time, other elements may be added as
more information becomes available and as required.

The estimated instrumental detection limits shown are provided as a guide for an
b

instrumental limit. The actual method detection limits are sample dependent and may vary as the
sample matrix varies.

Highly dependent on operating conditions and plasma position.
c
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TABLE 2
POTENTIAL INTERFERENCES

ANALYTE CONCENTRATION EQUIVALENTS ARISING FROM
INTERFERENCE AT THE 100-mg/L LEVEL

c

  Interferant
a,b

Wavelength ----------------------------------------------------------------------------------------------
 Analyte    (nm) Al Ca Cr Cu Fe Mg Mn Ni Ti V

 Aluminum 308.215 -- -- -- -- -- -- 0.21 -- -- 1.4
 Antimony 206.833 0.47 -- 2.9 -- 0.08 -- -- -- 0.25 0.45
 Arsenic 193.696 1.3 -- 0.44 -- -- -- -- -- -- 1.1

 Barium 455.403 -- -- -- -- -- -- -- -- -- --
 Beryllium 313.042 -- -- -- -- -- -- -- -- 0.04 0.05

 Cadmium 226.502 -- -- -- -- 0.03 -- -- 0.02 -- --
 Calcium 317.933 -- -- 0.08 -- 0.01 0.01 0.04 -- 0.03 0.03
 Chromium 267.716 -- -- -- -- 0.003 -- 0.04 -- -- 0.04
 Cobalt 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 --
 Copper 324.754 -- -- -- -- 0.003 -- -- -- 0.05 0.02

 Iron 259.940 -- -- -- -- -- -- 0.12 -- -- --
 Lead 220.353 0.17 -- -- -- -- -- -- -- -- --
 Magnesium 279.079 -- 0.02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12
 Manganese 257.610 0.005 -- 0.01 -- 0.002 0.002 -- -- -- --

 Molybdenum 202.030 0.05 -- -- -- 0.03 -- -- -- -- --
 Nickel 231.604 -- -- -- -- -- -- -- -- -- --
 Selenium 196.026 0.23 -- -- -- 0.09 -- -- -- -- --
 Sodium 588.995 -- -- -- -- -- -- -- -- 0.08 --
 Thallium 190.864 0.30 -- -- -- -- -- -- -- -- --
 Vanadium 292.402 -- -- 0.05 -- 0.005 -- -- -- 0.02 --
 Zinc 213.856 -- -- -- 0.14 -- -- -- 0.29 -- --

Dashes indicate that no interference was observed even when interferents were introduced at the
a

following levels:  
    Al - 1000 mg/L                  Mg - 1000 mg/L 
    Ca - 1000 mg/L                  Mn -  200 mg/L
    Cr -  200 mg/L                  Tl -  200 mg/L
    Cu -  200 mg/L                   V -  200 mg/L
    Fe - 1000 mg/L

The figures recorded as analyte concentrations are not the actual observed concentrations; to obtain
b

those figures, add the listed concentration to the interferant figure.
Interferences will be affected by background choice and other interferences may be present.

c
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TABLE 3
MIXED STANDARD SOLUTIONS

Solution Elements

   I Be, Cd, Mn, Pb, Se and Zn
   II Ba, Co, Cu, Fe, and V
   III As, Mo
   IV Al, Ca, Cr, K, Na, Ni,Li, and Sr
   V Ag (see “NOTE” to Section 5.4), Mg, Sb, and Tl
   VI P
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TABLE 4.  ICP PRECISION AND ACCURACY DATA
a

Element Sample No. 1 Sample No. 2 Sample No. 3

True Mean RSD Accuracy True Mean RSD Accuracy True Mean RSD Accuracy
Conc. Conc. (%) (%) Conc. Conc. (%) Conc. Conc. (%) (%)
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

b d b d b d

Be 750 733 6.2  98 20 20 9.8 100 180 176 5.2  98

Mn 350 345 2.7  99 15 15 6.7 100 100 99 3.3  99

V 750 749 1.8 100 70 69 2.9  99 170 169 1.1  99

As 200 208 7.5 104 22 19 23  86 60 63 17 105

Cr 150 149 3.8  99 10 10 18 100 50 50 3.3 100

Cu 250 235 5.1  94 11 11 40 100 70 67 7.9  96

Fe 600 594 3.0  99 20 19 15  95 180 178 6.0  99

Al 700 696 5.6  99 60 62 33 103 160 161 13 101

Cd 50 48 12  96 2.5 2.9 16 116 14 13 16  93

Co 700 512 10  73 20 20 4.1 100 120 108 21  90

Ni 250 245 5.8  98 30 28 11  93 60 55 14  92

Pb 250 236 16  94 24 30 32 125 80 80 14 100

Zn 200 201 5.6 100 16 19 45 119 80 82 9.4 102

Se 40 32 21.9  80 6 8.5 42 142 10 8.5 8.3  85c

Not all elements were analyzed by all laboratories.
a

RSD = relative standard deviation.
b

Results for Se are from two laboratories.
c

Accuracy is expressed as the mean concentration divided by the true concentration times 100.
d
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 TABLE 5

ICP-AES PRECISION AND ACCURACY FOR AQUEOUS SOLUTIONSa

Mean
 Conc. RSD    Accuracyb    c

Element (mg/L) N (%)        (%)b

Al 14.8 8 6.3    100
Sb 15.1 8 7.7    102
As 14.7 7 6.4      99
Ba   3.66 7 3.1      99
Be   3.78 8 5.8    102
Cd   3.61 8 7.0      97
Ca 15.0 8 7.4    101
Cr   3.75 8 8.2    101
Co   3.52 8 5.9      95
Cu   3.58 8 5.6      97
Fe 14.8 8 5.9    100
Pb 14.4 7 5.9      97
Mg 14.1 8 6.5      96
Mn   3.70 8 4.3    100
Mo   3.70 8 6.9    100
Ni   3.70 7 5.7    100
K 14.1 8 6.6      95
Se 15.3 8 7.5    104
Ag   3.69 6 9.1    100
Na 14.0 8 4.2      95
Tl 15.1 7 8.5    102 
V   3.51 8 6.6      95
Zn   3.57 8 8.3      96

these performance values are independent of sample preparation because the labs analyzeda

portions of the same solutions

N = Number of measurements for mean and relative standard deviation (RSD).b

Accuracy is expressed as a percentage of the nominal value for each analyte in acidified, multi-c

element solutions.
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TABLE 6

ICP-AES PRECISION AND BIAS FOR SOLID WASTE DIGESTSa

Spiked Coal Fly Ash Spiked Electroplating Sludge
(NIST-SRM 1633a)
Mean   Mean
Conc. RSD Bias   Conc. RSD Biasb c   b c

Element (mg/L)   N (%) (%AAS)   (mg/L) N (%) (%AAS)b   b

Al 330 8 16 104 127 8 13 110
Sb 3.4 6 73 96 5.3 7 24 120
As 21 8 83 270 5.2 7 8.6 87
Ba 133 8 8.7 101 1.6 8 20 58
Be 4.0 8 57 460 0.9 7 9.9 110
Cd 0.97 6 5.7 101 2.9 7 9.9 90
Ca 87 6 5.6 208 954 7 7.0 97
Cr 2.1 7 36 106 154 7 7.8 93
Co 1.2 6 21 94 1.0 7 11 85
Cu 1.9 6 9.7 118 156 8 7.8 97
Fe 602 8 8.8 102 603 7 5.6 98
Pb 4.6 7 22 94 25 7 5.6 98
Mg 15 8 15 110 35 8 20 84
Mn 1.8 7 14 104 5.9 7 9.6 95
Mo 891 8 19 105 1.4 7 36 110
Ni 1.6 6 8.1 91 9.5 7 9.6 90
K 46 8 4.2 98 51 8 5.8 82
Se 6.4 5 16 73 8.7 7 13 101
Ag 1.4 3 17 140 0.75 7 19 270
Na 20 8 49 130 1380 8 9.8 95
Tl 6.7 4 22 260 5.0 7 20 180
V 1010 5 7.5 100 1.2 6 11 80
Zn 2.2 6 7.6 93 266 7 2.5 101

These performance values are independent of sample preparation because the labs analyzeda

portions of the same digests.

N = Number of measurements for mean and relative standard deviation (RSD).b

Bias for the ICP-AES data is expressed as a percentage of atomic absorption spectroscopy (AA)c

data for the same digests.
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 METHOD 6010B

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY
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METHOD 3010A

ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS FOR
TOTAL METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY

1.0  SCOPE AND APPLICATION

1.1 This digestion procedure is used for the preparation of aqueous
samples, EP and mobility-procedure extracts, and wastes that contain suspended
solids for analysis, by flame atomic absorption spectroscopy (FLAA) or
inductively coupled argon plasma spectroscopy (ICP).  The procedure is used to
determine total metals.

1.2 Samples prepared by Method 3010 may be analyzed by FLAA or ICP for
the following:

Aluminum Magnesium
*Arsenic Manganese
Barium Molybdenum
Beryllium Nickel
Cadmium Potassium
Calcium *Selenium
Chromium Sodium
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead

* Analysis by ICP

NOTE: See Method 7760 for the digestion and FLAA analysis of Silver.

1.3 This digestion procedure is not suitable for samples which will be
analyzed by graphite furnace atomic absorption spectroscopy because hydrochloric
acid can cause interferences during furnace atomization.  Consult Method 3020A
for samples requiring graphite furnace analysis.

2.0 SUMMARY OF METHOD

2.1 A mixture of nitric acid and the material to be analyzed is refluxed
in a covered Griffin beaker.  This step is repeated with additional portions of
nitric acid until the digestate is light in color or until its color has
stabilized.  After the digestate has been brought to a low volume, it is refluxed
with hydrochloric acid and brought up to volume.  If sample should go to dryness,
it must be discarded and the sample reprepared.

3.0 INTERFERENCES

3.1 Interferences are discussed in the referring analytical method.
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4.0 APPARATUS AND MATERIALS

4.1 Griffin beakers - 150-mL or equivalent.

4.2 Watch glasses - Ribbed and plain or equivalent.

4.3 Qualitative filter paper or centrifugation equipment.

4.4 Graduated cylinder or equivalent - 100mL.

4.5 Funnel or equivalent.

4.6 Hot plate or equivalent heating source - adjustable and capable of
maintaining a temperature of 90-95 C.o

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available.  Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.

5.2 Reagent Water.  Reagent water will be interference free.  All
references to water in the method refer to reagent water unless otherwise
specified.  Refer to Chapter One for a definition of reagent water.

5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to3

determine levels of impurities.  If method blank is < MDL, the acid can be used.

5.4 Hydrochloric acid (1:1), HCl.  Prepared from water and hydrochloric
acid.  Hydrochloric acid should be analyzed to determine level of impurities.
If method blank is < MDL, the acid can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
water.  Plastic and glass containers are both suitable.  See Chapter Three, Step
3.1.3, for further information.

6.3 Aqueous wastewaters must be acidified to a pH of < 2 with HNO .3

7.0 PROCEDURE

7.1 Transfer a 100-mL representative aliquot of the well-mixed sample to
a 150-mL Griffin beaker and add 3 mL of concentrated HNO .  Cover the beaker with3
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a ribbed watch glass or equivalent.  Place the beaker on a hot plate or
equivalent heating source and cautiously evaporate to a low volume (5 mL), making
certain that the sample does not boil and that no portion of the bottom of the
beaker is allowed to go dry.  Cool the beaker and add another 3-mL portion of
concentrated HNO .  Cover the beaker with a nonribbed watch glass and return to3

the hot plate.  Increase the temperature of the hot plate so that a gentle reflux
action occurs.

NOTE: If a sample is allowed to go to dryness, low recoveries will result.
Should this occur, discard the sample and reprepare.

7.2 Continue heating, adding additional acid as necessary, until the
digestion is complete (generally indicated when the digestate is light in color
or does not change in appearance with continued refluxing).  Again, uncover the
beaker or use a ribbed watch glass, and evaporate to a low volume (3 mL), not
allowing any portion of the bottom of the beaker to go dry.  Cool the beaker.
Add a small quantity of 1:1 HCl (10 mL/100 mL of final solution), cover the
beaker, and reflux for an additional 15 minutes to dissolve any precipitate or
residue resulting from evaporation.

7.3 Wash down the beaker walls and watch glass with water and, when
necessary, filter or centrifuge the sample to remove silicates and other
insoluble material that could clog the nebulizer.  Filtration should be done only
if there is concern that insoluble materials may clog the nebulizer.  This
additional step can cause sample contamination unless the filter and filtering
apparatus are thoroughly cleaned.  Rinse the filter and filter apparatus with
dilute nitric acid and discard the rinsate.  Filter the sample and adjust the
final volume to 100 mL with reagent water and the final acid concentration to
10%.  The sample is now ready for analysis.

8.0 QUALITY CONTROL

8.1 All quality control measures described in Chapter One should be
followed.

8.2 For each analytical batch of samples processed, blanks should be
carried throughout the entire sample-preparation and analytical process.  These
blanks will be useful in determining if samples are being contaminated.  Refer
to Chapter One for the proper protocol when analyzing blanks.

8.3 Replicate samples should be processed on a routine basis.  A
replicate sample is a sample brought through the whole sample preparation and
analytical process.  A replicate sample should be processed with each analytical
batch or every 20 samples, whichever is greater.  Refer to Chapter One for the
proper protocol when analyzing replicates.

8.4 Spiked samples or standard reference materials should be employed to
determine accuracy.  A spiked sample should be included with each batch of
samples processed and whenever a new sample matrix is being analyzed.  Refer to
Chapter One for the proper protocol when analyzing spikes.

8.5 The method of standard addition shall be used for the analysis of all
EP extracts and delisting petitions (see Method 7000, Step 8.7). Although not
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required, use of the method of standard addition is recommended for any sample
that is suspected of having an interference.  

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

1. Rohrbough, W.G.; et al. Reagent Chemicals, American Chemical Society
Specifications, 7th ed.; American Chemical Society: Washington, DC, 1986.

2. 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for
Reagent Water"; ASTM: Philadelphia, PA, 1985; D1193-77.
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METHOD 3020A

ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
FOR TOTAL METALS FOR ANALYSIS BY GFAA SPECTROSCOPY

1.0  SCOPE AND APPLICATION

1.1 This digestion procedure is used for the preparation of aqueous
samples, mobility-procedure extracts, and wastes that contain suspended solids
for analysis by furnace atomic absorption spectroscopy (GFAA) for the metals
listed below.  The procedure is used to determine the total amount of the metal
in the sample.

1.2 Samples prepared by Method 3020 may be analyzed by GFAA for the
following metals:

Beryllium Lead
Cadmium Molybdenum
Chromium Thallium
Cobalt Vanadium

NOTE: For the digestion and GFAA analysis of arsenic and selenium, see
Methods 7060 and 7740.  For the digestion and GFAA analysis of
silver, see Method 7761.

2.0  SUMMARY OF METHOD

2.1 A mixture of nitric acid and the material to be analyzed is refluxed
in a covered Griffin beaker.  This step is repeated with additional portions of
nitric acid until the digestate is light in color or until its color has
stabilized.  After the digestate has been brought to a low volume, it is cooled
and brought up in dilute nitric acid such that the final dilution contains 3%
(v/v) nitric acid.  This percentage will vary depending on the amount of acid
used to complete the digestion.  If the sample contains suspended solids, it must
be centrifuged, filtered, or allowed to settle.

3.0  INTERFERENCES

3.1 Interferences are discussed in the referring analytical method.

4.0  APPARATUS AND MATERIALS

4.1 Griffin beakers - 150-mL, or equivalent.

4.2 Watch glasses - ribbed or equivalent.
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4.3 Qualitative filter paper or centrifugation equipment.

4.4 Funnel or equivalent.

4.5 Graduated Cylinder - 100mL.

4.6 Electric hot plate or equivalent - adjustable and capable of
maintaining a temperature of 90-95 C.o

5.0  REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Reagent Water. Reagent water will be interference free.  All
references to water in the method refer to reagent water unless otherwise
specified.  Refer to Chapter One for a definition of reagent water.

5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to3

determine levels of impurities.  If method blank is < MDL, the acid can be used.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
water.  Plastic and glass containers are both suitable.  See Chapter Three, Step
3.1.3, for further information.

6.3 Aqueous wastewaters must be acidified to a pH of < 2 with HNO .3

7.0  PROCEDURE

7.1 Transfer a 100-mL representative aliquot of the well-mixed sample to
a 150-mL Griffin beaker and add 3 mL of concentrated HNO .  Cover the beaker with3

a ribbed watch glass.  Place the beaker on a hot plate and cautiously evaporate
to a low volume (5 mL), making certain that the sample does not boil and that no
portion of the bottom of the beaker is allowed to go dry.  Cool the beaker and
add another 3-mL portion of concentrated HNO .  Cover the beaker with a non-3

ribbed watch glass and return to the hot plate.  Increase the temperature of the
hot plate so that a gentle reflux action occurs.
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7.2 Continue heating, adding additional acid as necessary, until the
digestion is complete (generally indicated when the digestate is light in color
or does not change in appearance with continued refluxing).  When the  digestion
is complete, evaporate to a low volume (3 mL); use a ribbed watch glass, not
allowing any portion of the bottom of the beaker to go dry.  Remove the beaker
and add approximately 10 mL of water, mix, and continue warming the beaker for
10 to 15 minutes to allow additional solubilization of any residue to occur.

7.3 Remove the beaker from the hot plate and wash down the beaker walls
and watch glass with water.  When necessary, filter or centrifuge the sample to
remove silicates and other insoluble material that may interfere with injecting
the sample into the graphite atomizer.  (This additional step can cause sample
contamination unless the filter and filtering apparatus are thoroughly cleaned
and prerinsed with dilute HNO .)  Adjust to the final volume of 100 mL with3

water.  The sample is now ready for analysis.

8.0  QUALITY CONTROL

8.1 All quality control measures described in Chapter One should be
followed.

8.2 For each batch of samples processed, method blanks should be carried
throughout the entire sample preparation and analytical process.  These blanks
will be useful in determining if samples are being contaminated.  Refer to
Chapter One for the proper protocol when analyzing blanks.

8.3 Replicate samples should be processed on a routine basis.  Replicate
samples will be used to determine precision.  The sample load will dictate
frequency, but 5% is recommended.  Refer to Chapter One for the proper protocol
when analyzing replicates.

8.4 Spiked samples or standard reference materials should be employed to
determine accuracy.  A spiked sample should be included with each batch of
samples processed or 5% and whenever a new sample matrix is being analyzed.
Refer to Chapter One for the proper protocol when analyzing spikes.

8.5 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source.  Refer
to Chapter One for the proper protocol.
 

8.6 The method of standard addition shall be used for the analysis of all
EP extracts.  See Method 7000, Step 8.7, for further information.

9.0  METHOD PERFORMANCE

9.1 No data provided.
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10.0 REFERENCES

1. Rohrbough, W.G.; et al. Reagent Chemicals, American Chemical Society
Specifications, 7th ed.; American Chemical Society: Washington, DC, 1986.

2. 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for
Reagent Water"; ASTM: Philadelphia, PA, 1985; D1193-77.
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METHOD 3052

MICROWAVE ASSISTED ACID DIGESTION OF SILICEOUS AND
ORGANICALLY BASED MATRICES

1.0 SCOPE AND APPLICATION

1.1 This method is applicable to the microwave assisted acid digestion of siliceous
matrices, and organic matrices and other complex matrices.  If a total decomposition analysis
(relative to the target analyte list) is required, the following matrices can be digested: ashes,
biological tissues, oils, oil contaminated soils, sediments, sludges, and soils. This method is
applicable for the following elements:

Aluminum Cadmium Iron Molybdenum Sodium
Antimony Calcium Lead Nickel Strontium
Arsenic Chromium Magnesium Potassium Thallium
Boron Cobalt Manganese Selenium Vanadium
Barium Copper Mercury Silver Zinc
Beryllium

Other elements and matrices may be analyzed by this method if performance is demonstrated for
the analyte of interest, in the matrices of interest, at the concentration levels of interest (see Sec.
8.0).

Note: This technique is not appropriate for regulatory applications that require the use of
leachate preparations (i.e., Method 3050, Method 3051, Method 1311, Method 1312, Method
1310, Method 1320, Method 1330, Method 3031, Method 3040).  This method is appropriate
for those applications requiring a total decomposition for research purposes (i.e., geological
studies, mass balances, analysis of Standard Reference Materials) or in response to a
regulation that requires total sample decomposition.

1.2 This method is provided as a rapid multi-element, microwave assisted acid digestion
prior to analysis protocol so that decisions can be made about the site or material.  Digests and
alternative procedures produced by the method are suitable for analysis by flame atomic absorption
spectrometry (FLAA), cold vapor atomic absorption spectrometry (CVAA), graphite furnace atomic
absorption spectrometry (GFAA), inductively coupled plasma atomic emission spectrometry (ICP-
AES), inductively coupled plasma mass spectrometry (ICP-MS) and other analytical elemental
analysis techniques where applicable.  Due to the rapid advances in microwave technology, consult
your manufacturer's recommended instructions for guidance on their microwave digestion system
and refer to this manual’s "Disclaimer" when conducting analyses using Method 3052.

1.3 The goal of this method is total sample decomposition and with judicious choice of
acid combinations this is achievable for most matrices (see Sec. 3.2).  Selection of reagents which
give the highest recoveries for the target analytes is considered the optimum method condition.
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2.0 SUMMARY OF METHOD

2.1 A representative sample of up to 0.5 g is digested in 9 mL of concentrated nitric acid
and usually 3 mL hydrofluoric acid for 15 minutes using microwave heating with a suitable laboratory
microwave system.  The method has several additional alternative acid and reagent combinations
including hydrochloric acid and hydrogen peroxide.  The method has provisions for scaling up the
sample size to a maximum of 1.0 g.  The sample and acid are placed in suitably inert polymeric
microwave vessels.  The vessel is sealed and heated in the microwave system.  The temperature
profile is specified to permit specific reactions and incorporates reaching 180 ± 5 ºC in approximately
less than 5.5 minutes and remaining at 180  ± 5 ºC for 9.5 minutes for the completion of specific
reactions (Ref. 1, 2, 3, 4).  After cooling, the vessel contents may be filtered, centrifuged, or allowed
to settle and then decanted, diluted to volume, and analyzed by the appropriate SW-846 method.

3.0 INTERFERENCES

3.1 Gaseous digestion reaction products, very reactive, or volatile materials that may
create high pressures when heated and may cause venting of the vessels with potential loss of
sample and analytes.  The complete decomposition of either carbonates, or carbon based samples,
may cause enough pressure to vent the vessel if the sample size is greater than 0.25 g.  Variations
of the method due to very reactive materials are specifically addressed in sections 7.3.4 and 7.3.6.1.

3.2 Most samples will be totally dissolved by this method with judicious choice of the acid
combinations.  A few refractory sample matrix compounds, such as TiO2

, alumina, and other oxides
may not be totally dissolved and in some cases may sequester target analyte elements. 

3.3 The use of several digestion reagents that are necessary to either completely
decompose the matrix or to stabilize specific elements may limit the use of specific analytical
instrumentation methods.  Hydrochloric acid is known to interfere with some instrumental analysis
methods such as flame atomic absorption (FLAA) and inductively coupled plasma atomic emission
spectrometry (ICP-AES).  The presence of hydrochloric acid may be problematic for graphite furnace
atomic absorption (GFAA) and inductively coupled plasma mass spectrometry (ICP-MS).
Hydrofluoric acid, which is capable of dissolving silicates, may require the removal of excess
hydrofluoric acid or the use of specialized non-glass components during instrumental analysis.
Method 3052 enables the analyst to select other decomposition reagents that may also cause
problems with instrumental analyses necessitating matrix matching of standards to account for
viscosity and chemical differences.

4.0 APPARATUS AND MATERIALS

4.1 Microwave apparatus requirements.

4.1.1 The temperature performance requirements necessitate the microwave
decomposition system sense the temperature to within ± 2.5EC and automatically adjust the
microwave field output power within 2 seconds of sensing.  Temperature sensors should be
accurate to ± 2EC (including the final reaction temperature of 180EC).  Temperature feedback
control provides the primary control performance mechanism for the method.  Due to the
flexibility in the reagents used to achieve total analysis, tempertuare feedback control is
necessary for reproducible microwave heating.
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Alternatively, for a specific set of reagent(s) combination(s), quantity, and specific vessel
type, a calibration control mechanism can be developed similar to previous microwave
methods (see Method 3051).  Through calibration of the microwave power, vessel load and
heat loss, the reaction temperature profile described in Section 7.3.6 can be reproduced.
The calibration settings are specific for the number and type of vessel used and for the
microwave system in addition to the variation in reagent combinations.  Therefore no specific
calibration settings are provided in this method.  These settings may be developed by using
temperature monitoring equipment for each specific set of equipment and reagent
combination.  They may only be used if not altered as previously described in other methods
such as 3051 and 3015.  In this circumstance, the microwave system provides
programmable power which can be programmed to within ± 12 W of the required power.
Typical systems provide a nominal 600 W to 1200 W of power (Ref. 1, 2, 5).  Calibration
control provides backward compatibility with older laboratory microwave systems without
temperature monitoring or feedback control and with lower cost microwave systems for some
repetitive analyses.  Older lower pressure vessels may not be compatible.

4.1.2 The temperature measurement system should be periodically calibrated at an
elevated temperature.  Pour silicon oil (a high temperature oil into a beaker and adequately
stirred to ensure a homogeneous temperature.   Place the microwave temperature sensor
and a calibrated external temperature measurement sensor into the beaker.  Heat the beaker
to a constant temperature of 180 ± 5°C.  Measure the temperature with both sensors.  If the
measured temperatures vary by more than 1 - 2°C, the microwave temperature
measurement system needs to be calibrated.  Consult the microwave manufacturer’s
instructions about the specific temperature sensor calibration procedure.

CAUTION:  The use of microwave equipment with temperature feedback control is
required to control the unfamiliar reactions of unique or untested reagent
combinations of unknown samples.  These tests may require additional vessel
requirements such as increased pressure capabilities.

4.1.3 The microwave unit cavity is corrosion resistant and well ventilated.  All
electronics are protected against corrosion for safe operation.

CAUTION: There are many safety and operational recommendations specific to the
model and manufacturer of the microwave equipment used in individual laboratories.
A listing of these specific suggestions is beyond the scope of this method and require
the analyst to consult the specific equipment manual, manufacturer, and literature for
proper and safe operation of the microwave equipment and vessels.

4.1.4 The method requires essentially microwave transparent and reagent resistant
suitably inert polymeric materials (examples are PFA or TFM suitably inert polymeric
polymers) to contain acids and samples. For higher pressure capabilities the vessel may be
contained within layers of different microwave transparent materials for strength, durability,
and safety.   The vessels internal volume should be at least 45 mL, capable of withstanding
pressures of at least 30 atm (30 bar or 435 psi), and capable of controlled pressure relief.
These specifications are to provide an appropriate, safe, and durable reaction vessel of
which there are many adequate designs by many suppliers.
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CAUTION:  The outer layers of vessels are frequently not as acid or reagent resistant
as the liner material and must not be chemically degraded or physically damaged to
retain the performance and safety required.  Routine examination of the vessel
materials may be required to ensure their safe use.

CAUTION: The second safety concern relates to the use of sealed containers without
pressure relief devices. Temperature is the important variable controlling the
reaction.  Pressure is needed to attain elevated temperatures, but must be safely
contained.  However, many digestion vessels constructed from certain suitably inert
polymerics may crack, burst, or explode in the unit under certain pressures.  Only
suitably inert polymeric (such as PFA or TFM and others) containers with pressure
relief mechanisms or containers with suitably inert polymeric liners and pressure
relief mechanisms are considered acceptable.

Users are therefore advised not to use domestic (kitchen) type microwave ovens or
to use inappropriate sealed containers without pressure relief for microwave acid
digestions by this method.  Use of laboratory-grade microwave equipment is required
to prevent safety hazards.  For further details, consult Reference 3 and 6.

4.1.5 A rotating turntable is employed to insure homogeneous distribution of
microwave radiation within most systems (Ref. 1).  The speed of the turntable should be a
minimum of 3 rpm.

CAUTION: Laboratories should not use domestic (kitchen) type microwave ovens for
this method. There are several significant safety issues.  First, when an acid such as
nitric is used to effect sample digestion in microwave units in open vessel(s), or
sealed vessels equipment, there is the potential for the acid gas vapor released to
corrode the safety devices that prevent the microwave magnetron from shutting off
when the door is opened.  This can result in operator exposure to microwave energy.
Use of a system with isolated and corrosion resistant safety devices prevents this
from occurring.

4.2 Volumetric ware, volumetric flasks, and graduated cylinders, 50 and 100 mL capacity
or equivalent.

4.3 Filter paper, qualitative or equivalent.

4.4 Filter funnel, polypropylene, polyethylene or equivalent.

4.5 Analytical balance, of appropriate capacity, with a ± 0.0001 g or appropriate precision
for the weighing of the sample.  Optionally, the vessel with sample and reagents may be weighed,
with an appropriate precision balance, before and after microwave processing to evaluate the seal
integrity in some vessel types.
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5.0 REAGENTS

5.1 All reagents should be of appropriate purity or high purity (acids for example, should
be sub-boiling distilled where possible) to minimize the blank levels due to elemental contamination.
All references to water in the method refer to reagent water (Ref. 7).  Other reagent grades may be
used, provided it is first ascertained that the reagent is of sufficient purity to permit its use without
lessening the accuracy of the determination.  If the purity of a reagent is questionable, analyze the
reagent to determine the level of impurities.  The reagent blank must be less than the MDL in order
to be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and water.  Plastic
and glass containers are both suitable.  See Chapter Three, Sec. 3.1.3 of this manual, for further
information.

6.3 Refer to Chapter Three for the appropriate holding times and storage conditions.

7.0 PROCEDURE 

7.1 Temperature control of closed vessel microwave instruments provides the main
feedback control performance mechanism for the method.  Control requires a temperature sensor
in one or more vessels during the entire decomposition.  The microwave decomposition system
should sense the temperature to within ± 2.5 C and permit adjustment of the microwave outputo

power within 2 seconds. 

7.2  All digestion vessels and volumetric ware must be carefully acid washed and rinsed
with reagent water.  When switching between high concentration samples and low concentration
samples, all digestion vessels (fluoropolymer liners only) should be cleaned by leaching with hot (1:1)
hydrochloric acid (greater than 80 C, but less than boiling) for a minimum of two hours followed witho

hot (1:1) nitric acid (greater than 80 C, but less than boiling) for a minimum of two hours and rinsedo

with reagent water and dried in a clean environment.  This cleaning procedure should also be used
whenever the prior use of the digestion vessels is unknown or cross contamination from vessels is
suspected.  Polymeric or glass volumetric ware (not used with HF) and storage containers should
be cleaned by leaching with more dilute acids (approximately 10% V/V) appropriate for the specific
plastics used and then rinsed with reagent water and dried in a clean environment.  To avoid
precipitation of silver, ensure that all HCl has been rinsed from the vessels.

7.3 Sample Digestion

7.3.1 Weigh a well-mixed sample to the nearest 0.001 g into an appropriate vessel
equipped with a pressure relief mechanism.  For soils, ash, sediments, sludges, and
siliceous wastes, initially use no more than 0.5 g.  For oil or oil contaminated soils, initially
use no more than 0.25 g.
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7.3.2 Add 9 ± 0.1 mL concentrated nitric acid and 3 ± 0.1 mL concentrated
hydrofluoric acid to the vessel in a fume hood.  If the approximate silicon dioxide content of
the sample is known, the quantity of hydrofluoric acid may be varied from 0 to 5 mL for
stoichiometric reasons.  Samples with higher concentrations of silicon dioxide (> 70%) may
require higher concentrations of hydrofluoric acid (>3 mL HF).  Alternatively samples with
lower concentrations of silicon dioxide (< 10% to 0%) may require much less hydrofluoric
acid (0.5 mL to 0 mL).  Examples are presented in Table 1, 2, 3, and 6.  Acid digestion
reagent combinations used in the analysis of several matrices, listed in Table 7, provide
guidance for the development of new matrix decomposition procedures.

7.3.3 The addition of other reagents with the original acids prior to digestion may
permit more complete oxidation of organic sample constituents, address specific
decomposition chemistry requirements, or address specific elemental stability and solubility
problems.

The addition of 2 ± 2 mL concentrated hydrochloric acid to the nitric and hydrofluoric acids
is appropriate for the stabilization of Ag, Ba, and Sb and high concentrations of Fe and Al in
solution.  The amount of HCl needed will vary depending on the matrix and the concentration
of the analytes.  The addition of hydrochloric acid may; however, limit the techniques or
increase the difficulties of analysis.   Examples are presented in Table 4.

The addition of hydrogen peroxide (30%) in small or catalytic quantities (such as 0.1 to 2 mL)
may aid in the complete oxidation of organic matter. 

The addition of water (double deionized) may (0 to 5 mL) improve the solubility of minerals
and prevent temperature spikes due to exothermic reactions.

NOTE:  Supporting documentation for the chemistry of this method has been
prepared in chapters 2 and 3 of reference 3.  It provides additional guidance and
documentation of appropriate reagent, matrix and analyte combinations that can be
employed in this method.

CAUTION:  Only one acid mixture or quantity may be used in a single batch in the
microwave to insure consistent reaction conditions between all vessels and
monitored conditions.  This limitation is due to the current practice of monitoring a
representative vessel and applying a uniform microwave field to reproduce these
reaction conditions within a group of vessels being simultaneously heated.

CAUTION:  Toxic nitrogen oxide(s), hydrogen fluoride, and toxic chlorine (from the
addition of hydrochloric acid) fumes are usually produced during digestion.
Therefore, all steps involving open or the opening of microwave vessels must be
performed in a properly operating fume ventilation system.

 
CAUTION:  The analyst should wear protective gloves and face protection and must
not at any time permit a solution containing hydrofluoric acid to come in contact with
skin or lungs. 
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CAUTION:  The addition of hydrochloric acid must be from concentrated hydrochloric
acid and not from a premixed combination of acids as a buildup of toxic chlorine and
possibly other gases will result from a premixed acid solution.  This will over
pressurize the vessel due to the release of these gases from solution upon heating.
The gas effect is greatly lessened by following this suggestion.

CAUTION:  When digesting samples containing volatile or easily oxidized organic
compounds, initially weigh no more than 0.10 g and observe the reaction before
capping the vessel.  If a vigorous reaction occurs, allow the reaction to cease before
capping the vessel.  If no appreciable reaction occurs, a sample weight up to 0.25
g can be used.

CAUTION:  The addition of hydrogen peroxide should only be done when the reactive
components of the sample are known.  Hydrogen peroxide may react rapidly and
violently on easily oxidizable materials and should not be added if the sample may
contain large quantities of easily oxidizable organic constituents.

7.3.4 The analyst should be aware of the potential for a vigorous reaction.  If a
vigorous reaction occurs upon the initial addition of reagent or the sample is suspected of
containing easily oxidizable materials, allow the sample to predigest in the uncapped
digestion vessel.  Heat may be added in this step for safety considerations (for example the
rapid release of carbon dioxide from carbonates, easily oxidized organic matter, etc.).  Once
the initial reaction has ceased, the sample may continue through the digestion procedure.

7.3.5 Seal the vessel according to the manufacturer's directions.  Properly place
the vessel in the microwave system according to the manufacturer's recommended
specifications and connect appropriate temperature and pressure sensors to vessels
according to manufacturer’s specifications.

7.3.6 This method is a performance based method, designed to achieve or
approach total decomposition of the sample through achieving specific reaction conditions.
The temperature of each sample should rise to 180 ± 5 ºC in approximately 5.5 minutes and
remain at 180 ± 5 ºC for 9.5 minutes.  The temperature-time and pressure-time profile are
given for a standard soil sample in Figure 1.  The number of samples simultaneously
digested is dependent on the analyst.  The number may range from 1 to the maximum
number of vessels that the microwave units magnetron can heat according to the
manufacturer’s or literature specifications (the number will depend on the power of the unit,
the quantity and combination of reagents,  and the heat loss from the vessels).

The pressure should peak between 5 and 15 minutes for most samples (Ref. 2, 3, 5).  If the
pressure exceeds the pressure limits of the vessel, the pressure will be reduced by the relief
mechanism of the vessel.

The total decomposition of some components of a matrix may require or the reaction kinetics
are dramatically improved with higher reaction temperatures.  If microwave digestion systems
and/or vessels are capable of achieving higher temperatures and pressures, the minimum
digestion time of 9.5 minutes at a temperature of at least 180 ± 5°C is an appropriate
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alternative.  This change will permit the use of pressure systems if the analysis verifies that
180°C is the minimum temperature maintained by these control systems.

7.3.6.1 For reactive substances, the heating profile may be altered for
safety purposes. The decomposition is primarily controlled by maintaining the
reagents at 180 ± 5°C for 9.5 minutes, therefore the time it takes to heat the samples
to 180 ± 5°C is not critical.  The samples may be heated at a slower rate to prevent
potential uncontrollable exothermic reactions.  The time to reach 180 ± 5 ºC may be
increased to 10 minutes provided that 180 ± 5 ºC is subsequently maintained for 9.5
minutes.  Decomposition profiles are presented in Figures 1 and 2.  The extreme
difference in pressure is due to the gaseous digestion products.

7.3.6.2 Calibration control is applicable in reproducing this method
provided the power in watts versus time parameters are determined to reproduce the
specifications listed in 7.3.6.  The calibration settings will be specific to the quantity
and combination of reagents, quantity of vessels, and heat loss characteristics of the
vessels (Ref 1).  If calibration control is being used, any vessels containing acids for
analytical blank purposes are counted as sample vessels and when fewer than the
recommended number of samples are to be digested, the remaining vessels should
be filled with the same acid mixture to achieve the full complement of vessels.  This
provides an energy balance, since the microwave power absorbed is proportional to
the total absorbed mass in the cavity (Ref. 1).  Irradiate each group of vessels using
the predetermined calibration settings.  (Different vessel types should not be mixed).

7.3.6.3 Pressure control for a specific matrix is applicable if instrument
conditions are established using temperature control.  Because each matrix will have
a different reaction profile, performance using temperature control must be
developed for every specific matrix type prior to use of the pressure control system.

7.3.7 At the end of the microwave program, allow the vessels to cool for a minimum
of 5 minutes before removing them from the microwave system.  When the vessels have
cooled to near room temperature, determine if the microwave vessels have maintained a
seal throughout the digestion.  Due to the wide variability of vessel designs, a single
procedure is not appropriate.  For vessels that are sealed as discrete separate entities, the
vessel weight may be taken before and after digestion to evaluate seal integrity.  If the weight
loss of sample exceeds 1% of the weight of the sample and reagents, then the sample is
considered compromised.  For vessels with burst disks, a careful visual inspection of the disk
may identify compromised vessels.  For vessels with resealing pressure relief mechanisms,
an auditory or sometimes a physical sign indicates a vessel has vented.

7.3.8 Complete the preparation of the sample by carefully uncapping and venting
each vessel in a fume hood.  Vent the vessels using the procedure recommended by the
vessel manufacturer.  Transfer the sample to an acid-cleaned bottle.  If the digested sample
contains particulates which may clog nebulizers or interfere with injection of the sample into
the instrument, the sample may be centrifuged, allowed to settle, or filtered.
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7.3.8.1 Centrifugation:  Centrifugation at 2,000 - 3,000 rpm for 10
minutes is usually sufficient to clear the supernatant.

7.3.8.2 Settling:  If undissolved material remains such as TiO , or2

other refractory oxides, allow the sample to stand until the supernatant is clear.
Allowing a sample to stand overnight will usually accomplish this.  If it does not,
centrifuge or filter the sample.

7.3.8.3 Filtering:  If necessary, the filtering apparatus must be
thoroughly cleaned and prerinsed with dilute (approximately 10% V/V) nitric acid.
Filter the sample through  qualitative filter paper into a second acid-cleaned
container.

7.3.9 If the hydrofluoric acid concentration is a consideration in the analysis
technique such as with ICP methods, boric acid may be added to permit the complexation
of fluoride to protect the quartz plasma torch. The amount of acid added may be varied,
depending on the equipment and the analysis procedure.  If this option is used, alterations
in the measurement procedure to adjust for the boric acid and any bias it may cause are
necessary.  This addition will prevent the measurement of boron as one of the elemental
constituents in the sample.  Alternatively, a hydrofluoric acid resistant ICP torch may be used
and the addition of boric acid would be unnecessary for this analytical configuration.  All
major manufacturers have hydrofluoric resistant components available for the analysis of
solutions containing hydrofluoric acid.

CAUTION:  The traditional use of concentrated solutions of boric acid can cause
problems by turning the digestion solution cloudy or result in a high salt content
solution interfering with some analysis techniques.  Dilute solutions of boric acid or
other methods of neutralization or reagent elimination are appropriate to avoid
problems with HF and the glass sample introduction devices of analytical
instrumentation.  Gentle heating often serves to clear cloudy solutions.  Matrix
matching of samples and standards will eliminate viscosity differences.

7.3.10 The removal or reduction of the quantity of the hydrochloric and hydrofluoric
acids prior to analysis may be desirable.  The chemistry and volatility of the analytes of
interest should be considered and evaluated when using this alternative.  Evaporation to
near dryness in a controlled environment with controlled pure gas and neutralizing and
collection of exhaust interactions is an alternative where appropriate.  This manipulation may
be performed in the microwave system, if the system is capable of this function, or external
to the microwave system in more common apparatus(s).  This option must be tested and
validated to determine analyte retention and loss and should be accompanied by equipment
validation possibly using the standard addition method and standard reference materials.
This alternative may be used to alter either the acid concentration and/or acid composition.
Note: The final solution typically requires nitric acid to maintain appropriate sample solution
acidity and stability of the elements.  Commonly, a 2% (v/v) nitric acid concentration is
desirable.  Examples of analysis performed with and without removal of the hydrofluoric acid
are presented in Table 5.  Waste minimization techniques should be used  to capture reagent
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fumes.  This procedure should be tested and validated in the apparatus and on standards
before using on unknown samples.

7.3.11 Transfer or decant the sample into volumetric ware and dilute the digest to
a known volume.  The digest is now ready for analysis for elements of interest using
appropriate elemental analysis techniques and/or SW-846 methods.

7.3.12 Sample size may be scaled-up from 0.1, 0.25, or 0.5 g to 1.0 g through a
series of 0.2g sample size increments.  Scale-up can produce different reaction conditions
and/or produce increasing gaseous reaction products.  Increases in sample size may not
require alteration of the acid quantity or combination, but other reagents may be added to
permit a more complete decomposition and oxidation of organic and other sample
constituents where necessary (such as increasing the HF for the complete destruction of
silicates).  Each step of the scale-up must demonstrate safe operation before continuing.

7.4 Calculations:  The concentrations determined are to be reported on the basis of the
actual weight of the original sample.

7.5 Calibration of Microwave Equipment

NOTE: If the microwave unit uses temperature feedback control to follow performance
specifications of the method, then the calibration procedure will not be necessary.

7.5.1 Calibration is the normalization and reproduction of a microwave field strength
to permit reagent and energy coupling in a predictable and reproducible manner.  It balances
reagent heating and heat loss from the vessels and is equipment dependent due to the heat
retention and loss characteristics of the specific vessel.  Available power is evaluated to
permit the microwave field output in watts to be transferred from one microwave system to
another.

Use of calibration to control this reaction requires balancing output power, coupled energy,
and heat loss to reproduce the temperature heating profile in section 7.3.6.  The conditions
for each acid mixture and each batch containing the same specified number of vessels must
be determined individually.  Only identical acid mixtures and vessel models and specified
numbers of vessels may be used in a given batch.

7.5.2 For cavity type microwave equipment, this is accomplished by measuring  the
temperature rise in 1 kg of water exposed to microwave radiation for a fixed period of time.
The analyst can relate power in watts to the partial power setting of the system.  The
calibration format required for laboratory microwave systems depends on the type of
electronic system used by the manufacturer to provide partial microwave power.  Few
systems have an accurate and precise linear relationship between percent power settings
and absorbed power.  Where linear circuits have been utilized, the calibration curve can be
determined by a three-point calibration method (7.5.4), otherwise, the analyst must use the
multiple point calibration method (7.5.3).



CD-ROM 3052 - 11 Revision 0
December 1996

7.5.3 The multiple point calibration involves the measurement of absorbed power
over a large range of power settings.  Typically, for a 600 W unit, the following power settings
are measured; 100, 99, 98, 97, 95, 90, 80, 70, 60, 50, and 40% using the procedure
described in section 7.5.5.  This data is clustered about the customary working power
ranges. Nonlinearity has been encountered at the upper end of the calibration.  If the
system's electronics are known to have nonlinear deviations in any region of proportional
power control, it will be necessary to make a set of measurements that bracket the power
to be used. The final calibration point should be at the partial power setting that will be used
in the test.  This setting should be checked periodically to evaluate the integrity of the
calibration.  If a significant change is detected (±10 W), then the entire calibration should be
reevaluated.

7.5.4 The three-point calibration involves the measurement of absorbed power at
three different power settings.  Measure the power at 100% and 50% using the procedure
described in section 7.5.5.   From the 2-point line calculate the power setting corresponding
to the required power in watts specified in the procedure.  Measure the absorbed power at
that partial power setting.  If the measured absorbed power does not correspond to the
specified power within ±10 W, use the multiple point calibration in 7.5.3.  This point should
also be used to periodically verify the integrity of the calibration.

7.5.5 Equilibrate a large volume of water to room temperature (23 ± 2 ºC).  One kg
of reagent water is weighed (1,000.0 g + 0.1 g) into a suitably inert polymeric beaker or a
beaker made of some other material that does not significantly absorb microwave energy
(glass absorbs microwave energy and is not recommended).  The initial temperature of the
water should be 23 ± 2 ºC measured to ± 0.05 ºC.  The covered beaker is  circulated
continuously (in the normal sample path) through the microwave field for 2 minutes at the
desired partial power setting with the system's exhaust fan on maximum (as it will be during
normal operation).  The beaker is removed and the water vigorously stirred.  Use a magnetic
stirring bar inserted immediately after microwave irradiation and record the maximum
temperature within the first 30 seconds to ± 0.05 ºC.  Use a new sample for each additional
measurement.  If the water is reused, both the water and the beaker must have returned to
23 ± 2 ºC.  Three measurements at each power setting should be made.

The absorbed power is determined by the following relationship:

 K  Cp  m )T
Equation 1 P =    __________

 t

 Where:

P = the apparent power absorbed by the sample in watts
(W, W = joule sec )-1

K = the conversion factor for thermochemical 
calories_sec  to watts (which equals 4.184)-1

Cp = the heat capacity, thermal capacity, or specific 
heat (cal g  ºC ) of water-1 -1



CD-ROM 3052 - 12 Revision 0
December 1996

m = the mass of the water sample in grams (g)
)T = the final temperature minus the initial temperature (ºC) 
t = the time in seconds (s)

Using the experimental conditions of 2 minutes and 1 kg of distilled water (heat
capacity at 25 ºC is 0.9997 cal g  ºC ) the calibration equation simplifies to:-1 -1

P = 34.86 )T

NOTE:  Stable line voltage is necessary for accurate and reproducible calibration and
operation.  The line voltage should be within manufacturer's specification, and during
measurement and operation should not vary by more than ±5 V.  Electronic components in
most microwave units are matched to the system's function and output.  When any part of
the high voltage circuit, power source, or control components in the system have been
serviced or replaced, it will be necessary to recheck the system’s calibration.  If the power
output has changed significantly (±10 W), then the entire calibration should be reevaluated.

8.0 QUALITY CONTROL

8.1 All quality control data must be maintained and available for reference or inspection
for a period  determined by all involved parties based on program or project requirements.  This
method is restricted to use by, or under supervision of, experienced analysts.  Refer to the
appropriate section of Chapter One for additional quality control guidance.

8.2 Duplicate samples should be processed on a routine basis.  A duplicate sample is
a sample brought through the whole sample preparation and analytical process.  A duplicate sample
should be processed with each analytical batch or every 20 samples, whichever is the greater
number.  A duplicate sample should be prepared for each matrix type (i.e., soil, sludge, etc.).

8.3 Spiked samples and/or standard reference materials should be included with each
group of samples processed or every 20 samples, whichever is the greater number.  A spiked
sample should also be included whenever a new sample matrix is being analyzed.

8.4 Blank samples should be prepared using the same reagents and quantities used in
sample preparation, placed in vessels of the same type, and processed with the samples.

9.0 METHOD PERFORMANCE

9.1 Precision:  Precision data for Method 3052 are presented in the tables of this method.
Tables 1 through 6 provide a summary of total elemental analysis.

9.2 The performance criteria are provided as an example in Figure 1.  The temperature
profile will be within ± 5 ºC of the mean of the temperature profile, but the pressure curve will vary
depending on the acid mixture and gaseous digestion products and the thermal insulating properties
of the vessel.  Figure 2 provides criteria for the digestion of an oil sample.
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FIGURE 1.  TYPICAL REACTION PROFILE FOR THE DIGESTION OF A SOIL (REF. 4 AND 8)

FIGURE 2.  TYPICAL REACTION PROFILE FOR THE DIGESTION OF AN OIL (REF. 8)
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TABLE 1
 ANALYSIS OF NIST SRM 2704 (COMPILATION OF REFS. 2 AND 3)a

BUFFALO RIVER SEDIMENT

Element
Analyzed Certified

(µg/g) (µg/g)

Arsenic (n=4) 23.4 ± 2.6 23.4 ± 0.8

Cadmium (n=6) 3.5 ± 1.2 3.45 ± 0.22

Chromium (n=6) 132.9 ± 1.3 135 ± 5

Copper (n=6) 98.0 ± 4.2 98.6 ± 5.0

Lead (n=6) 155 ± 9.2 161 ± 17

Mercury (n=4) 1.49 ± 0.14 1.44 ± 0.07

Nickel (n=6) 43.6 ± 3.9 44.1 ± 3.0

Phosphorus (n=4) 1.016 ± 0.016 mg/g 0.998 ± 0.028 mg/g

Selenium (n=4) 1.13 ± 0.9 (1.1)

Sulfur (n=4) 3.56 ± 0.16 -----

Thallium (n=4) 1.15 ± 0.22 1.2 ± 0.2

Uranium (n=4) 2.97 ± 0.04 3.13 ± 0.13

Zinc (n=6) 441.9 ± 0.8 438 ± 12

Digestion with 9 mL HNO  and 4 mL HF.  Temperature and pressure conditions are asa
3

described in Section 7.3.6 of this method and similar to Figure 1.  Data reported with 95%
confidence intervals.
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TABLE 2
ANALYSIS OF NIST SRM 2710 (REFS. 4 AND 3)a

MONTANA SOIL:  HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)

Element
Analyzed Certified

(µg/g) (µg/g)

Antimony 39.3 ± 0.9 b 38.4 ± 3.0

Cadmium 21.9 ± 0.7 a 21.8 ± 0.2

Chromium 34.0 ± 3.2 b

(39)

Copper 2902 ± 83 a 2950 ± 130

Lead 5425 ± 251 a 5532 ± 80

Nickel 13.5 ± 1.0 a 14.3 ± 1.0

Silver 36.6 ± 0.5 b
35.3 ± 1.5

Zinc 7007 ± 111 a 6952 ± 91

Digestion with either a. 9 mL HNO  and 4 mL HF or b. 9 mL HNO , 3 mL HF, & 2 mLa
3 3

HCl.  Temperature and pressure conditions are as described in Sec. 7.3.6 of this method
and similar to Figure 1.  Data reported with 95% confidence intervals.

TABLE 3
NIST SRM 2711 (REFS. 4 AND 3)

MONTANA SOIL: MODERATELY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)

Element
Analyzed Certified

(µg/g) (µg/g)

Cadmium 40.5 ± 1.0 41.70 ± 0.25

Chromium 45.5 ± 1.0 (47)

Copper 106.8 ± 3.4 114 ± 2

Lead 1161 ± 49 1162 ± 31

Nickel 19.6 ± 0.9 20.6 ± 1.1

Silver 4.3 ± 1.0 4.63 ± 0.39

Zinc 342 ± 9.4 350.4 ± 4.8

Digestion with 9 mL HNO  and 4 mL HF.  Temperature and pressure conditions are asa
3

described in Sec. 7.3.6 of this method and similar to Figure 1.  Data reported with 95%
confidence intervals.
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TABLE 4
STABILIZATION AND RECOVERY OF ELEMENTS WITH HCl (REF. 3)  NIST SRM 2710a

MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)

Element
HNO  & HF HNO , HF & HCl Certified3

(µg/g) (µg/g) (µg/g)
3

Antimony 33.1 ± 2.1 39.3 ± 0.9 38.4 ± 3.0

Silver 10.6 ± 4.5 36.6 ± 0.5 35.3 ± 1.5

HNO  and HF - Digestion used 9 mL and 3 mL, respectively.a
3

HNO , HF, and HCl  - Digestion used 9 mL, 3 mL, and 2 mL respectively.  Temperature and3

pressure conditions are as described in Sec. 7.3.6 of this method and similar to Figure 1. 
Data reported with 95% confidence intervals.

TABLE 5
FUMING OFF HYDROFLUORIC ACID WITH MICROWAVE EVAPORATION SYSTEM (REF 3)a

MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=4)

Element
Direct Fumed Certified
(µg/g) (µg/g) (µg/g)

Antimony 39.3 ± 0.9 39.4 ± 0.9 38.4 ± 3.0

Cadmium 21.9 ± 0.7 23.3 ± 1.6 21.8 ± 0.2

Chromium 34.0 ± 3.2 32.4 ± 0.4 (39)

Copper 2902 ± 83 2870 ± 150 2950 ± 130

Lead 5425 ± 251 5502 ± 106 5532 ± 80

Nickel 13.5 ± 1.0 13.5 ± 0.8 14.3 ± 1.0

Silver 36.6 ± 0.5 38.9 ± 1.1 35.3 ± 1.5

Zinc 7007 ± 111 3992 ± 132 6952 ± 91

Direct - Digestion used 9 mL HNO  and 3 mL HCl or 9 mL HNO , 3 mL HF, and 2 mL HCla
3        3

Fumed - Digestion used 9 mL HNO  and 3 mL HCl followed by the removal of the HF. 3

Temperature and pressure conditions are as described in 7.3.6 of the method and similar to
Figure 1.  The digest solution was fumed in a microwave system under vacuum to ~1 mL
and 3 mL HCl added.  The digest solution was fumed to ~1 mL and 3 mL HNO  was added. 3

The solution was fumed for a final step to ~1 mL and quantitatively transferred and diluted to
final volume.  Data reported with 95% confidence intervals.
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TABLE 6
ANALYSIS OF NIST SRM 1084A (REF. 8) a

WEAR METALS IN OIL (100 ppm) (n=4)

Element
Analyzed Certified

(µg/g) (µg/g)

Chromium 98.1 ± 1.1 98.3 ± 0.8

Copper 1.2.4 ± 2.4 100.0 ± 1.9

Lead 99.2 ± 2.3 101.1 ± 1.3

Nickel 99.2 ± 2.4 99.7 ± 1.6

Silver 102.7 ± 2.2 101.4 ± 1.5

Digestion with 9 mL HNO  and 0.5 mL HF.  Temperature and pressure conditions are asa
3

described in Sec. 7.3.6 of this method and similar to Figure 2.  Data reported with 95%
confidence intervals.
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TABLE 7
DIGESTION PARAMETERS USED IN THE ANALYSIS OF SEVERAL MATRICES

BY METHOD 3052

Matrix HNO HF HCl3

Soil

NIST SRM 2710 9 mL 3 mL 0-2*mL
Highly Contaminated Montana Soil

NIST SRM 2711 9 3 0-2*
Moderately Contaminated Montana Soil

Sediment

NIST SRM 2704 9 3 0-2*
Buffalo River Sediment

Biological

NIST SRM 1566a 9 0 0
Oyster Tissue

NIST SRM 1577a 9 0 0
Bovine Liver

Botanical

NIST SRM 1515 9 0 0
Apple Leaves

NIST SRM 1547 9 0 0
Peach Leaves

NIST SRM 1572 9 0.5 0
Citrus Leaves

Waste Oil

NIST SRM 1084a 9 0.5 0-2*
Wear-Metals in Lubricating Oil

* HCl is added to stabilize elements such as Ag and Sb when they are analyzed.
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METHOD 3052
MICROWAVE ASSISTED ACID DIGESTION OF SILICEOUS AND ORGANICALLY BASED

MATRICES
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METHOD 6020

INDUCTIVELY COUPLED PLASMA - MASS SPECTROMETRY
    

1.0  SCOPE AND APPLICATION 

1.1  Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable
to the determination of sub-µg/L concentrations of a large number of elements in
water samples and in waste extracts or digests [1,2].  When dissolved
constituents are required, samples must be filtered and acid-preserved prior to
analysis.  No  digestion is required prior to analysis for dissolved elements in
water samples.  Acid digestion prior to filtration and analysis is required for
groundwater, aqueous samples, industrial wastes, soils, sludges, sediments, and
other solid wastes for which total (acid-leachable) elements are required.

1.2  ICP-MS has been applied to the determination of over 60 elements in
various matrices.  Analytes for which EPA has demonstrated the acceptability of
Method 6020 in a multi-laboratory study on solid wastes are listed in Table 1.
Acceptability of the method for an element was based upon the multi-laboratory
performance compared with that of either furnace atomic absorption spectroscopy
or inductively coupled plasma-atomic emission spectroscopy.  It should be noted
that the multi-laboratory study was conducted in 1986.  Multi-laboratory
performance data for the listed elements (and others) are provided in Section 9.
Instrument detection limits, sensitivities, and linear ranges will vary  with the
matrices, instrumentation, and operating conditions.  In relatively simple
matrices, detection limits will generally be below 0.02 µg/L.

1.3  If Method 6020 is used to determine any analyte not listed in Table
1, it is the responsibility of the analyst to demonstrate the accuracy and
precision of the Method in the waste to be analyzed.  The analyst is always
required to monitor potential sources of interferences and take appropriate
action to ensure data of known quality (see Section 8.4).  

1.4  Use of this method is restricted to spectroscopists who are
knowledgeable in the recognition and in the correction of spectral, chemical, and
physical interferences in ICP-MS.

1.5  An appropriate internal standard is required for each analyte
determined by ICP-MS.  Recommended internal standards are Li, Sc, Y, Rh,6 45 89 103

In, Tb, Ho,and Bi. The lithium internal standard should have an enriched115 159 165 209

abundance of Li, so that interference from lithium native to the sample is6

minimized.  Other elements may need to be used as internal standards when samples
contain significant amounts of the recommended internal standards.

2.0  SUMMARY OF METHOD

2.1 Prior to analysis, samples which require total ("acid-leachable")
values must be digested using appropriate sample preparation methods (such  as
Methods 3005 - 3051).
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2.2  Method 6020 describes the multi-elemental determination of analytes
by ICP-MS.  The method measures ions produced by a radio-frequency inductively
coupled plasma.  Analyte species originating in a liquid are nebulized and the
resulting aerosol transported by argon gas into the plasma torch.  The ions
produced are entrained in the plasma gas and introduced, by means of an
interface, into a mass spectrometer.  The ions produced in the plasma are sorted
according to their mass-to-charge ratios and quantified with a channel electron
multiplier.  Interferences must be assessed and valid corrections applied or the
data flagged to indicate problems.  Interference correction must include
compensation for background ions contributed by the plasma gas, reagents, and
constituents of the sample matrix.

3.0  INTERFERENCES

3.1  Isobaric elemental interferences in ICP-MS are caused by isotopes of
different elements forming atomic ions with the same nominal mass-to-charge ratio
(m/z). A data system must be used to correct for these interferences.  This
involves determining the signal for another isotope of the interfering element
and subtracting the appropriate signal from the analyte isotope signal.  Since
commercial ICP-MS instruments nominally provide unit resolution at 10% of the
peak height, very high ion currents at adjacent masses can also contribute to ion
signals at the mass of interest.  Although this type of interference is uncommon,
it is not easily corrected, and samples exhibiting a significant problem of this
type could require resolution improvement, matrix separation, or analysis using
another verified and documented isoptope, or use of another method.

3.2  Isobaric molecular and doubly-charged ion interferences in ICP-MS are
caused by ions consisting of more than one atom or charge, respectively.  Most
isobaric interferences that could affect ICP-MS determinations have been
identified in the literature [3,4].  Examples include ArCl  ions on the As + 75

signal and MoO  ions on the cadmium isotopes.  While the approach used to correct+

for molecular isobaric interferences is demonstrated below using the natural
isotope abundances from the literature [5], the most precise coefficients for an
instrument can be determined from the ratio of the net isotope signals observed
for a standard solution at a concentration providing suitable (<1 percent)
counting statistics.  Because the Cl natural abundance of 75.77 percent is 3.1335

times the Cl abundance of 24.23 percent, the chloride correction for arsenic37

can be calculated (approximately) as follows (where the Ar Cl  contribution at38 37 +

m/z 75 is a negligible 0.06 percent of the Ar Cl  signal):40 35 +

corrected arsenic signal (using natural isotopes abundances for
coefficient approximations) = 

(m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal), 
(where the final term adjusts for any selenium contribution at 77 m/z),

NOTE: Arsenic values can be biased high by this type of equation when the
net signal at m/z 82 is caused by ions other than Se , (e.g., BrH  from82 + 81 +

bromine wastes [6]).



CD-ROM 6020-3 Revision 0  
September 1994

Similarly, 

corrected cadmium signal (using natural isotopes abundances for
coefficient approximations) = 

(m/z 114 signal) - (0.027)(m/z 118 signal) - (1.63)(m/z 108 signal), 
(where last 2 terms adjust for any tin or MoO  contributions at m/z 114).+

NOTE: Cadmium values will be biased low by this type of equation when ZrO92 +

ions contribute at m/z 108, but use of m/z 111 for Cd is even subject to
direct ( ZrOH ) and indirect ( ZrO ) additive interferences when Zr is94 + 90 + 

present.  

NOTE: As for the arsenic equation above, the coefficients in the Cd
equation are ONLY illustrative.  The most appropriate coefficients for an
instrument can be determined from the ratio of the net isotope signals
observed for a standard solution at a concentration providing suitable (<1
percent) counting precision.

The accuracy of these types of equations is based upon the constancy of the
OBSERVED isotopic ratios for the interfering species.  Corrections that presume
a constant fraction of a molecular ion relative to the "parent" ion have not been
found [7] to be reliable, e.g., oxide levels can vary.  If a correction for an
oxide ion is based upon the ratio of parent-to-oxide ion intensities, the
correction must be adjusted for the degree of oxide formation by the use of an
appropriate oxide internal standard previously demonstrated to form a similar
level of oxide as the interferant.  This type of correction has been reported [7]
for oxide-ion corrections using ThO /Th  for the determination of rare earth+ +

elements.  The use of aerosol desolvation and/or mixed plasmas have been shown
to greatly reduce molecular interferences [8].  These techniques can be used
provided that method detection limits, accuracy, and precision requirements for
analysis of the samples can be met.

3.3  Physical interferences are associated with the sample nebulization and
transport processes as well as with ion-transmission efficiencies.  Nebulization
and transport processes can be affected if a matrix component causes a change in
surface tension or viscosity.  Changes in matrix composition can cause
significant signal suppression or enhancement [9].  Dissolved solids can deposit
on the nebulizer tip of a pneumatic nebulizer and on the interface skimmers
(reducing the orifice size and the instrument performance).  Total solid levels
below 0.2% (2,000 mg/L) have been currently recommended [10] to minimize solid
deposition.  An internal standard can be used to correct for physical
interferences, if it is carefully matched to the analyte so that the two elements
are similarly affected by matrix changes [11].  When the intensity level of an
internal standard is less than 30 percent or greater than 120 percent of the
intensity of the first standard used during calibration, the sample must be
reanalyzed after a fivefold (1+4) or greater dilution has been performed.

3.4 Memory interferences can occur when there are large concentration
differences between samples or standards which are analyzed sequentially.  Sample
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deposition on the sampler and skimmer cones, spray chamber design, and the type
of nebulizer affect the extent of the memory interferences which are observed.
The rinse period between samples must be long enough to eliminate significant
memory interference.

4.0  APPARATUS AND MATERIALS

4.1  Inductively coupled plasma-mass spectrometer:

4.1.1  A system capable of providing resolution, better than or
equal to amu at 10% peak height is required.  The system must have a mass
range from at least 6 to 240 amu and a data system that allows corrections
for isobaric interferences and the application of the internal standard
technique.  Use of a mass-flow controller for the nebulizer argon and a
peristaltic pump for the sample solution are recommended.

4.1.2  Argon gas supply:  high-purity grade (99.99%).

5.0  REAGENTS               

5.1  Acids used in the preparation of standards and for sample processing
must be of high purity.  Redistilled acids are recommended because of the high
sensitivity of ICP-MS.  Nitric acid at less than 2 per cent (v/v) is required for
ICP-MS to minimize damage to the interface and to minimize isobaric molecular-ion
interferences with the analytes.  Many more molecular-ion interferences are
observed on the analytes when hydrochloric and sulfuric acids are used [3,4].
Concentrations of antimony and silver between 50-500 µg/L require 1% (v/v) HCl
for stability; for concentrations above 500 µg/L Ag, additional HCl will be
needed.

5.2  Reagent water:  All references to water in the method refer to reagent
water unless otherwise specified.  Refer to Chapter One for a definition of
reagent water.

5.3  Standard stock solutions may be purchased or prepared from ultra-high
purity grade chemicals or metals (99.99 or greater purity ).  See Method 6010A,
Section 5.3, for instructions on preparing standard solutions from solids.

5.3.1  Bismuth internal standard solution, stock, 1 mL = 100 µg Bi:
Dissolve 0.1115 g Bi O  in a minimum amount of dilute HNO .  Add 10 mL2 3 3

conc. HNO  and dilute to 1,000 mL with reagent water.3

 
5.3.2  Holmium internal standard solution, stock, 1 mL = 100 µg Ho:

Dissolve 0.1757 g Ho (CO ) @5H O in 10 mL reagent water and 10 mL  HNO  .2 3 2 2 3
After dissolution is complete, warm the solution to d egas.  Add 10 mL
conc. HNO  and dilute to 1,000 mL with reagent water.3
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5.3.3  Indium internal standard solution, stock, 1 mL = 100 µg In:
Dissolve 0.1000 g indium metal in 10 mL conc. HNO .  Dilute to 1,000 mL3
with reagent water.

5.3.4  Lithium internal standard solution, stock, 1 mL = 100 µg Li:6

Dissolve 0.6312 g 95-atom-% Li, Li CO  in 10 mL of reagent water and 10 mL6
2 3

HNO .  After dissolution is complete, warm the solution to degas.  Add3
10 mL conc. HNO  and dilute to 1,000 mL with reagent water.3

5.3.5  Rhodium internal standard solution, stock, 1 mL = 100 µg Rh:
Dissolve 0.3593 g ammonium hexachlororhodate (III) (NH ) RhCl  in 10 mL4 3 6
reagent water.  Add 100 mL conc. HCl and dilute to 1,000 mL with reagent
water.

5.3.6  Scandium internal standard solution, stock, 1 mL = 100 µg Sc:
Dissolve 0.15343 g Sc O  in 10 mL (1+1) hot HNO .  Add 5 mL conc. HNO  and2 3 3 3
dilute to 1,000 mL with reagent water.

5.3.7  Terbium internal standard solution, stock, 1 mL = 100 µg Tb:
Dissolve 0.1828 g Tb (CO ) @ 5H O in 10 mL (1+1) HNO .  After dissolution is2 3 3 2 3
complete, warm the solution to degas.  Add 5 mL conc. HNO  and dilute to3
1,000 mL with reagent water.

5.3.8  Yttrium internal standard solution, stock, 1 mL = 100 µg Y:
Dissolve 0.2316 g Y (CO ) C3H O in 10 mL (1+1) HNO .  Add 5 mL conc. HNO  and2 3 3 2 3 3
dilute to 1,000 mL with reagent water.

5.3.9  Titanium solution, stock, 1 mL = 100 µg Ti: Dissolve 0.4133 g
(NH ) TiF  in reagent water.  Add 2 drops conc. HF and dilute to 1,000 mL4 2 6
with reagent water.

5.3.10  Molybdenum solution, stock, 1 mL = 100 µg Mo:  Dissolve
0.2043 g (NH ) MoO  in reagent water.  Dilute to 1,000 mL with reagent4 2 4
water.

5.4  Mixed calibration standard solutions are prepared by diluting  the
stock-standard solutions to levels in the linear range for the instrument in a
solvent consisting of 1 percent (v/v) HNO  in reagent water.  The calibration3
standard solutions must contain a suitable concentration of an appropriate
internal standard for each analyte.  Internal standards may be added on-line at
the time of analysis using a second channel of the peristaltic pump and an
appropriate mixing manifold.)  Generally, an internal standard should be no more
than 50 amu removed from the analyte.  Recommended internal standards include
Li, Sc, Y, Rh, In, Tb, Ho, and  Bi.  Prior to preparing the mixed6 45 89 103 115 159 169 209

standards, each stock solution must be analyzed separately to determine possible
spectral interferences or the presence of impurities.  Care must be taken when
preparing the mixed standards that the elements are compatible and stable.
Transfer the mixed standard solutions to freshly acid-cleaned FEP fluorocarbon
bottles for storage.  Fresh mixed standards must be prepared as needed with the
realization that concentrations can change on aging.  Calibration standards must
be initially verified using a quality control standard (see Section 5.7) and
monitored weekly for stability.

5.5  Blanks: Three types of blanks are required for the analysis.  The
calibration blank is used in establishing the calibration curve.  The
preparation blank is used to monitor for possible contamination resulting from
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the sample preparation procedure.  The rinse blank is used to flush the system
between all samples and standards.

5.5.1  The calibration blank consists of the same concentration(s)
of the same acid(s) used to prepare the final dilution of the calibrating
solutions of the analytes [often 1 percent HNO  (v/v) in reagent water]3

along with the selected concentrations of internal standards such that
there is an appropriate internal standard element for each of the
analytes.  Use of HCl for antimony and silver is cited in Section 5.1  

5.5.2  The preparation (or reagent) blank must be carried through
the complete preparation procedure and contain the same volumes of
reagents as the sample solutions.

5.5.3  The rinse blank consists of 1 to 2 percent HNO  (v/v) in3
reagent water.  Prepare a sufficient quantity to flush the system between
standards and samples.

NOTE: The ICS solutions in Table 2 are intended to evaluate
corrections for known interferences on only the analytes in Table 1.
If Method 6020 is used to determine an element not listed in Table
1, it is the responsibility of the analyst to modify the ICS
solutions, or prepare an alternative ICS solution, to allow adequate
verification of correction of interferences on the unlisted element
(see section 8.4).

5.6  The interference check solution (ICS) is prepared to contain known
concentrations of interfering elements that will demonstrate the magnitude of
interferences and provide an adequate test of any corrections.  Chloride in the
ICS provides a means to evaluate software corrections for chloride-related
interferences such as Cl O on V  and Ar Cl  on As .  Iron is used to35 16  + 51  + 40 35  + 75 +

demonstrate adequate resolution of the spectrometer for the determination of
manganese.  Molybdenum serves to indicate oxide effects on cadmium isotopes.  The
other components are present to evaluate the ability of the measurement system
to correct for various molecular-ion isobaric interferences.  The ICS is used to
verify that the interference levels are corrected by the data system within
quality control limits.

5.6.1  These solutions must be prepared from ultra-pure reagents.
They can be obtained commercially or prepared by the following procedure.

5.6.1.1  Mixed ICS solution I may be prepared by adding
13.903 g Al(NO ) @9H O,  2.498 g CaCO  (dried at 180 C for 1 h before3 3 2 3
weighing), 1.000 g Fe, 1.658 g MgO, 2.305 g Na CO , and 1.767 g K CO2 3 2 3
to 25 mL of reagent water.  Slowly add 40 mL of (1+1) HNO .  After3
dissolution is complete, warm the solution to degas.  Cool and
dilute to 1,000 mL with reagent water.

5.6.1.2  Mixed ICS solution II may be prepared by slowly
adding 7.444 g 85 % H PO , 6.373 g 96% H SO , 40.024 g 37% HCl, and3 4 2 4
10.664 g citric acid C O H  to 100 mL of reagent water.  Dilute to6 7 8
1,000 mL with reagent water.

5.6.1.3  Mixed ICS solution III may be prepared by adding
1.00 mL each of 100-µg/mL arsenic, cadmium, chromium, cobalt,
copper, manganese, nickel, silver, and zinc stock solutions to about
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50 mL reagent water. Add 2.0 mL concentrated HNO , and dilute to3
100.0 mL with reagent water.

5.6.1.4  Working ICS Solutions

5.6.1.4.1  ICS-A may be prepared by adding 10.0 mL of
mixed ICS solution I (5.7.1.1), 2.0 mL each of 100-µg/mL
titanium stock solution (5.3.9) and molybdenum stock solution
(5.3.10), and 5.0 mL of mixed ICS solution II (5.7.1.2).
Dilute to 100 mL with reagent water.  ICS solution A must be
prepared fresh weekly.

5.6.1.4.2  ICS-AB may be prepared by adding 10.0 mL of
mixed ICS solution I (5.7.1.1), 2.0 mL each of 100-µg/mL
titanium stock solution (5.3.9) and molybdenum stock solution
(5.3.10), 5.0 mL of mixed ICS solution II (5.7.1.2), and
2.0 mL of Mixed ICS solution III (5.7.1.3).  Dilute to 100 mL
with reagent water.  Although the ICS solution AB must be
prepared fresh weekly, the analyst should be aware that the
solution may precipitate silver more quickly.

5.7  The quality control standard is the initial calibration verification
solution (ICV), which must be prepared in the same acid matrix as the calibration
standards.  This solution must be an independent standard near the midpoint of
the linear range at a concentration other than that used for instrument
calibration.  An independent standard is defined as a standard composed of the
analytes from a source different from those used in the standards for instrument
calibration. 

5.8  Mass spectrometer tuning solution.  A solution containing elements
representing all of the mass regions of interest (for example, 10 µg/L of Li, Co,
In, and Tl) must be prepared to verify that the resolution and mass calibration
of the instrument are within the required specifications (see Section 7.5).  This
solution is also used to verify that the instrument has reached thermal stability
(See Section 7.4).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  Sample collection procedures should address the considerations
described in Chapter Nine of this Manual.

6.2  See the introductory material in Chapter Three, Inorganic Analytes,
Sections 3.1.3 for information on sample handling and preservation.  Only
polyethylene or fluorocarbon (TFE or PFA) containers are recommended for use in
Method 6020.

7.0 PROCEDURE 

7.1  Solubilization and digestion procedures are presented in the Sample
Preparation Methods (e.g., Methods 3005 - 3051).

7.2  Initiate appropriate operating configuration of the instruments
computer according to the instrument manufacturer's instructions.

7.3  Set up the instrument with the proper operating parameters according
to the instrument manufacturer's instructions.  
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7.4  Operating conditions:  The analyst should follow the instructions
provided by the instrument manufacturer.  Allow at least 30 minutes for the
instrument to equilibrate before analyzing any samples.  This must be verified
by analyzing a tuning solution (Section 5.8) at least four times with relative
standard deviations of < 5% for the analytes contained in the tuning solution.

NOTE:  Precautions must be taken to protect the channel electron
multiplier from high ion currents.  The channel electron multiplier
suffers from fatigue after being exposed to high ion currents.  This
fatigue can last from several seconds to hours depending on the
extent of exposure.  During this time period, response factors are
constantly changing, which invalidates the calibration curve, causes
instability, and invalidates sample analyses.

7.5  Conduct mass calibration and resolution checks in the mass regions of
interest.  The mass calibration and resolution parameters are required criteria
which must be met prior to any samples being analyzed.  If the mass calibration
differs more than 0.1 amu from the true value, then the mass calibration must be
adjusted to the correct value.  The resolution must also be verified to be less
than 0.9 amu full width at 10 percent peak height.

7.6  Calibrate the instrument for the analytes of interest (recommended
isotopes for the analytes in Table 1 are provided in Table 3), using the
calibration blank and at least a single initial calibration standard according
to the instrument manufacturer's  procedure.  Flush the system with the rinse
blank (5.5.3) between each standard solution.  Use the average of at leastthree
integrations for both calibration and sample analyses.

7.7  All masses which could affect data quality should be monitored to
determine potential effects from matrix components on the analyte peaks.  The
recommended isotopes to be monitored are liste in Table 3.  

7.8  Immediately after the calibration has been established, the
calibration must be verified and documented for every analyte by the analysis of
the calibration verification solution (Section 5.7).  When measurements exceed
± 10% of the accepted value, the analyses must be terminated, the problem
corrected, the instrument recalibrated, and the new calibration verified.  Any
samples analyzed under an out-of-control calibration must be reanalyzed.  During
the course of an analytical run, the instrument may be "resloped" or recalibrated
to correct for instrument drift.  A recalibration must then be followed
immediately by a new analysis of a CCV and CCB before any further samples may be
analyzed.

7.9  Flush the system with the rinse blank solution (5.5.3) until the
signal levels return to the method's levels of quantitation (usually about 30
seconds) before the analysis of each sample (see Section 7.7).   Nebulize each
sample until a steady-state signal is achieved (usually about 30 seconds) prior
to collecting data.  Analyze the calibration verification solution (Section 5.6)
and the calibration blank (Section 5.5.1) at a frequency of at least once every
10 analytical samples.  Flow-injection systems may be used as long as they can
meet the performance criteria of this method.

7.10  Dilute and reanalyze samples that are more concentrated than the
linear range for an analyte (or species needed for a correction) or measure an
alternate less-abundant isotope.  The linearity at the alternate mass must be
confirmed by appropriate calibration (see Sec. 7.6 and 7.8).
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7.11  Calculations:  The quantitative values shall be reported in
appropriate units, such as micrograms per liter (µg/L) for aqueous samples and
milligrams per kilogram (mg/kg) for solid samples.  If dilutions were performed,
the appropriate corrections must be applied to the sample values.  

7.11.1  If appropriate, or required, calculate results for solids on
a dry-weight basis as follows:

                  (1) A separate determination of percent solids must be 
                        performed.

(2) The concentrations determined in the digest are to be
reported on the basis of the dry weight of the sample.

  C x VConcentration (dry weight)(mg/kg) =       W x S
Where,

C = Digest Concentration (mg/L)
V = Final volume in liters after sample preparation
W = Weight in kg of wet sample

       
  % Solids

S =      
       

        100

Calculations should include appropriate interference corrections (see
Section 3.2 for examples), internal-standard normalization, and the 

summation of signals at 206, 207, and 208 m/z for lead (to compensate for any
differences in the abundances of these isotopes between samples and standards).

8.0  QUALITY CONTROL

8.1  All quality control data should be maintained and be available for
easy reference or inspection.
                   

8.2  Instrument Detection Limits (IDLs) in µg/L can be estimated by
calculating the average of the standard deviations of the three runs on three
non-consecutive days from the analysis of a reagent blank solution with seven
consecutive measurements per day.  Each measurement must be performed as though
it were a separate analytical sample (i.e., each measurement must be followed by
a rinse and/or any other procedure normally performed between the analysis of
separate samples).  IDLs must be determined at least every three months and kept
with the instrument log book.  Refer to Chapter One for additional guidance.

8.3  The intensities of all internal standards must be monitored for every
analysis.  When the intensity of any internal standard fails to fall between 30
and 120 percent of the intensity of that internal standard in the initial
calibration standard, the following procedure is followed.  The sample must be
diluted fivefold (1+4) and reanalyzed with the addition of appropriate amounts
of internal standards.  This procedure must be repeated until the internal-
standard intensities fall within the prescribed window.  The intensity levels of
the internal standards for the calibration blank (Section 5.5.1) and instrument
check standard (Section 5.6) must agree within ± 20 percent of the intensity
level of the internal standard of the original calibration solution.  If they do
not agree, terminate the analysis, correct the problem, recalibrate, verify the
new calibration, and reanalyze the affected samples.
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8.4  To obtain analyte data of known quality, it is necessary to measure
more than the analytes of interest in order to apply corrections or to determine
whether interference corrections are necessary.  If the concentrations of
interference sources (such as C, Cl, Mo, Zr, W) are such that, at the correction
factor, the analyte is less than the limit of quantification and the
concentration of interferents are insignificant, then the data may go
uncorrected.  Note that monitoring the interference sources does not necessarily
require monitoring the interferant itself, but that a molecular species may be
monitored to indicate the presence of the interferent.  When correcttion
equations are used, all QC criteria must also be met.  Extensive QC for
interference corrections are required at all times.  The monitored masses must
include those elements whose hydrogen, oxygen, hydroxyl, chlorine, nitrogen,
carbon and sulfur molecular ions could impact the analytes of interest.
Unsuspected interferences may be detected by adding pure major matrix components
to a sample to observe any impact on the analyte signals.  When an interference
source is present, the sample elements impacted must be flagged to indicate (a)
the percentage interference correction applied to the data or (b) an uncorrected
interference by virtue of the elemental equation used for quantitation.  The
isotope proportions for an element or molecular-ion cluster provide information
useful for quality assurance.

NOTE:  Only isobaric elemental, molecular, and doubly charged interference
corrections which use the observed isotopic-response ratios or parent-to-
oxide ratios (provided an oxide internal standard is used as described in
Section 3.2) for each instrument system are acceptable corrections for use
in Method 6020.

8.5  Dilution Test:  If the analyte concentration is within the linear
dynamic range of the instrument and sufficiently high (minimally, a factor of at
least 100 times greater than the concentration in the reagent blank, refer to
Section 5.5.2), an analysis of a fivefold (1+4) dilution must agree within ± 10%
of the original determination.  If not, an interference effect must be suspected.
One dilution test must be included for each twenty samples (or less) of each
matrix in a batch.

8.6  Post-Digestion Spike Addition:  An analyte spike added to a portion
of a prepared sample, or its dilution, should be recovered to within 75 to 125
percent of the known value or within the laboratory derived acceptance criteria.
The spike addition should be based on the indigenous concentration of each
element of interest in the sample.  If the spike is not recovered within the
specified limits, the sample must be diluted and reanalyzed to compensate for the
matrix effect.  Results must agree to within 10% of the original determination.
The use of a standard-addition analysis procedure  may also be used to compensate
for this effect (Refer to Method 7000).  

8.7  A Laboratory Control Sample (LCS) should be analyzed for each analyte
using the same sample preparations, analytical methods and QA/QC procedures
employed for the test samples. One LCS should be prepared and analyzed for each
sample batch at a frequency of one LCS for each 20 samples or less.

8.8  Check the instrument calibration by analyzing appropriate quality
control solutions as follows:

8.8.1 Check instrument calibration using a calibration blank
(Section 5.5.1) and the initial calibration verification solution
(Sections 5.7 and 7.9).
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8.8.2  Verify calibration at a frequency of every 10 analytical
samples with the instrument check standard (Section 5.6) and the
calibration blank (Section 5.5.1).  These solutions must also be analyzed
for each analyte at the beginning of the analysis and after the last
sample.

8.8.3  The results of the initial calibration verification solution
and the instrument check standard must agree within ± 10% of the expected
value.  If not, terminate the analysis, correct the problem, and
recalibrate the instrument.  Any sample analyzed under an out-of-control
calibration must be reanalyzed .

8.8.4  The results of the calibration blank must be less than 3
times the current IDL for each element.  If this is not the case, the
reason for the out-of-control condition must be found and corrected, and
affected samples must be reanalyzed.  If the laboratory consistently has
concentrations greater than 3 times the IDL, the IDL may be indicative of
an estimated IDL and should be re-evaluated.

8.9  Verify the magnitude of elemental and molecular-ion isobaric
interferences and the adequacy of any corrections at the beginning of an
analytical run or once every 12 hours, whichever is more frequent.  Do this by
analyzing the interference check solutions A and AB.  The analyst should be aware
that precipitation from solution AB may occur with some elements, specifically
silver. Refer to Section 3.0 for a discussion on intereferences and potential
solutions to those intereferences if additional guidance is needed.

8.10  Analyze one duplicate sample for every matrix in a batch at a
frequency of one matrix duplicate for every 20 samples.

8.10.1  The relative percent difference (RPD) between duplicate
determinations must be calculated as follows:

  |D  - D  |1 2
       RPD =      x 100              

 (D  + D )/21 2

where:

RPD = relative percent difference.
D  = first sample value.1
D  = second sample value (duplicate)2

A control limit of 20% RPD should not be exceeded for analyte values
greater than 100 times the instrumental detection limit.  If this limit is
exceeded, the reason for the out-of-control situation must be found and
corrected, and any samples analyzed during the out-of-control condition
must be reanalyzed.

9.0  METHOD PERFORMANCE

9.1  In an EPA multi-laboratory study, 10 laboratories applied the 
ICP-MS technique to both aqueous and solid samples.  TABLE 4 summarizes the
method performance data for aqueous samples.  Performance data for solid samples
is provided in TABLE 5.

10.0  REFERENCES 
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TABLE 1. ELEMENTS APPROVED FOR ICP-MS DETERMINATION

                                                                              

Element CAS* #      
                                                                              

Aluminum 7429-90-5     
Antimony 7440-36-0     
Arsenic 7440-38-2      
Barium 7440-39-3      
Beryllium 7440-41-7      
Cadmium 7440-43-9     
Chromium 7440-47-3    

 Cobalt 7440-48-4     
Copper 7440-50-8      
Lead 7439-92-1     
Manganese 7439-96-5    
Nickel 7440-02-0    
Silver 7440-22-4    
Thallium 7440-28-0     
Zinc 7440-66-6     
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TABLE 2.  RECOMMENDED INTERFERENCE CHECK SAMPLE COMPONENTS AND CONCENTRATIONS

                                                                               

Solution Solution A Solution AB
    component   Concentration(mg/L) Concentration (mg/L)
                                                                               

Al 100.0 100.0
Ca 100.0 100.0
Fe 100.0 100.0
Mg 100.0 100.0
Na 100.0 100.0
P 100.0 100.0
K 100.0 100.0
S 100.0 100.0
C 200.0 200.0
Cl 1000.0 1000.0
Mo 2.0  2.0
Ti 2.0 2.0
As 0.0                    0.0200
Cd 0.0                    0.0200
Cr 0.0                    0.0200
Co 0.0                    0.0200
Cu 0.0                    0.0200
Mn 0.0                    0.0200
Ni 0.0                    0.0200
Ag 0.0                    0.0200
Zn 0.0                    0.0200
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           TABLE 3.  RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS

                                                                   

Mass          Element of interest
                                                                   

27 Aluminum 
121, 123 Antimony
75 Arsenic
138, 137, 136, 135, 134 Barium
9 Beryllium
209 Bismuth (IS)
114, 112, 111, 110, 113, 116, 106 Cadmium
42, 43, 44, 46, 48 Calcium (I)
35, 37, (77, 82) Chlorine (I)a

52, 53, 50, 54 Chromium
59 Cobalt
63, 65 Copper
165 Holmium (IS)
115, 113 Indium (IS)
56, 54, 57, 58 Iron (I)
139 Lanthanum (I)
208, 207, 206, 204 Lead
6 , 7 Lithium (IS)b

24, 25, 26 Magnesium (I)
55 Manganese
98, 96, 92, 97, 94, (108) Molybdenum (I)a

58, 60, 62, 61, 64 Nickel
39 Potassium (I)
103 Rhodium (IS)
45 Scandium (IS)
107, 109 Silver
23 Sodium (I)
159 Terbium (IS)
205, 203 Thallium
120, 118 Tin (I)
89 Yttrium (IS)
64, 66, 68, 67, 70 Zinc

NOTE:  Method 6020 is recommended for only those analytes listed in Table
1.  Other elements are included in this table because they are potential
interferents (labeled I) in the determination of recommended analytes, or because
they are commonly used internal standards (labeled IS).  Isotopes are listed in
descending order of natural abundance.  The most generally useful isotopes are
underlined and in boldface, although certain matrices may require the use of
alternative isotopes.  These masses are also useful for interference correctiona

(Section 3.2).   Internal standard must be enriched in the Li isotope.  Thisb 6

minimizes interference from indigenous lithium.
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    TABLE 4.  ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR AQUEOUS
SOLUTIONS

                                                                               

                 Comparability             %RSDa

Element              Range                 Range          N             Sb c

                                                                               

Aluminum 95 - 100 11 - 14 14 - 14 4
Antimony     d 5.0 - 7.6 16 - 16 3 
Arsenic  97 - 114 7.1 - 48 12 - 14 4
Barium  91 - 99 4.3 - 9.0 16 - 16 5
Beryllium 103 - 107 8.6 - 14 13 - 14 3
Cadmium  98 - 102 4.6 - 7.2 18 - 20 3
Calcium  99 - 107 5.7 - 23 17 - 18 5 
Chromium  95 - 105  13 - 27 16 - 18 4 
Cobalt 101 - 104 8.2 - 8.5 18 - 18 3
Copper  85 - 101 6.1 - 27 17 - 18 5
Iron  91 - 900  11 - 150 10 - 12 5
Lead  71 - 137  11 - 23 17 - 18 6    
Magnesium  98 - 102  10 - 15 16 - 16 5    
Manganese  95 - 101 8.8 - 15 18 - 18 4
Nickel  98 - 101 6.1 - 6.7 18 - 18 2 
Potassium 101 - 114 9.9 - 19 11 - 12 5
Selenium 102 - 107  15 - 25 12 - 12 3 
Silver 104 - 105 5.2 - 7.7 13 - 16 2 
Sodium  82 - 104  24 - 43  9 - 10 5
Thallium  88 - 97 9.7 - 12 18 - 18 3    
Vanadium 107 - 142  23 - 68  8 - 13 3 
Zinc  93 - 102 6.8 - 17 16 - 18 5      

 Comparability refers to the percent agreement of mean ICP-MS values to thosea

of the reference technique.   N is the range of the number of ICP-MSb

measurements where the analyte values exceed the limit of quantitation (3.3 times
the average IDL value).       S is the number of samples with results greaterc

than the limit of quantitation.   No comparability values are provided ford

antimony because of evidence that the reference data is affected by an
interference. 
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     TABLE 5.  ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR SOLID
MATRICES

                                                                               

                 Comparability           %RSDa

Element              Range                 Range         N               Sb c

                                                                               

Aluminum  83 - 101  11 - 39 13 - 14 7
Antimony     d  12 - 21 15 - 16 2    
Arsenic  79 - 102  12 - 23 16 - 16 7
Barium 100 - 102 4.3 - 17 15 - 16 7 
Beryllium  50 - 87  19 - 34 12 - 14 5
Cadmium  93 - 100 6.2 - 25 19 - 20 5
Calcium  95 - 109 4.1 - 27 15 - 17 7 
Chromium  77 - 98  11 - 32 17 - 18 7 
Cobalt  43 - 102  15 - 30 17 - 18 6
Copper  90 - 109 9.0 - 25 18 - 18 7
Iron  87 - 99 6.7 - 21 12 - 12 7
Lead  90 - 104 5.9 - 28 15 - 18 7    
Magnesium  89 - 111 7.6 - 37 15 - 16 7    
Manganese  80 - 108  11 - 40 16 - 18 7  
Nickel  87 - 117 9.2 - 29 16 - 18 7  
Potassium  97 - 137  11 - 62 10 - 12 5
Selenium    81    39   12 1
Silver  43 - 112  12 - 33 15 - 15 3
Sodium 100 - 146  14 - 77  8 - 10 5
Thallium    91    33   18 1
Vanadium  83 - 147  20 - 70  6 - 14 7
Zinc  84 - 124  14 - 42 18 - 18 7      

 Comparability refers to the percent agreement of mean ICP-MS values to thosea

of the reference technique.   N is the range of the number of ICP-MSb

measurements where the analyte values exceed the limit of quantitation (3.3
times the average IDL value).       S is the number of samples with resultsc

greater than the limit of quantitation.   No comparability values ared

provided for antimony because of evidence that the reference data is affected
by an  interference.
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METHOD 7742

SELENIUM (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION)

1.0  SCOPE AND APPLICATION

1.1  Method 7742 is an atomic absorption procedure for determining 3 µg/L
to 750 µg/L concentrations of selenium in wastes, mobility procedure extracts,
soils, and ground water.  Method 7742 is approved for sample matrices that
contain a total of up to 1000 mg/L concentrations of cobalt, copper, iron,
mercury, and nickel. A solid sample can contain up to 10% by weight of the
interferents before exceeding 1000 mg/L in a digested sample.  All samples
including aqueous matrices must be subjected to an appropriate dissolution step
prior to analysis.  Spiked samples and relevant standard reference materials are
employed to determine the applicability of the method to a given waste.

2.0  SUMMARY OF METHOD

2.1  Samples are prepared according to the nitric acid digestion procedure
described in Method 3010 for aqueous and extract samples and the
nitric/peroxide/hydrochloric acid digestion procedure described in Method 3050
(furnace AA option) for sediments, soils, and sludges.  Excess peroxide is
removed by evaporating samples to near-dryness at the end of the digestion
followed by dilution to volume and degassing the samples upon addition of urea.
The selenium is converted to the +4 oxidation state during digestion in HCl.
After a 1:10 dilution, selenium is then converted to its volatile hydride using
hydrogen produced from the reaction of the acidified sample with sodium
borohydride in a continuous-flow hydride generator.

2.2  The volatile hydrides are  swept into, and decompose in,  a heated
quartz absorption cell located in the optical path of an atomic absorption
spectrophotometer.  The resulting absorption of the lamp radiation is
proportional to the selenium concentration.

2.3  The typical detection limit for this method is 3 µg/L.

3.0  INTERFERENCES

3.1  Very high (>1000 mg/L) concentrations of cobalt, copper, iron,
mercury, and, nickel can cause analytical interferences through precipitation as
reduced metals and associated blockage of transfer lines and fittings.

3.2  Traces of peroxides left following the sample work-up can result in
analytical interferences.  Peroxides must be removed by evaporating each sample
to near-dryness followed by reacting each sample with urea and allowing
sufficient time for degassing before analysis (see Sections 7.1 and 7.2).
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3.3  Even after acid digestion, flame gases and organic compounds may
remain in the sample.  Flame gases and organic compounds can absorb at the
analytical wavelengths and background correction should be used.

4.0  APPARATUS AND MATERIALS

4.1  Electric hot plate:  Large enough to hold at least several 100 mL
Pyrex digestion beakers.

4.2  A continuous-flow hydride generator:  A commercially available
continuous-flow sodium borohydride/HCl hydride generator or a generator
constructed similarly to that shown in Figure 1 (P. S. Analytical or equivalent).

4.2.1  Peristaltic Pump:  A four-channel, variable-speed peristaltic
pump to permit regulation of liquid-stream flow rates (Ismatec Reglo-100
or equivalent).  Pump speed and tubing diameters should be adjusted to
provide the following flow rates:  sample/blank flow = 4.2 mL/min;
borohydride flow = 2.1 mL/min.

4.2.2  Sampling Valve (optional):    A sampling valve (found in the
P. S. Analytical Hydride Generation System or equivalent) that allows
switching between samples and blanks (rinse solution) without introduction
of air into the system will provide more signal stability.

4.2.3  Transfer Tubing and Connectors:  Transfer tubing (1 mm I.D.),
mixing T's, and connectors are made of fluorocarbon (PFA or TFM) and are
of compatible sizes to form tight, leak-proof connections (Latchat,
Technicon, etc. flow injection apparatus accessories or equivalent). 

4.2.4  Mixing Coil:  A 20-turn coil made by wrapping transfer tubing
around a 1-cm diameter by 5-cm long plastic or glass rod (see Figure 1).

4.2.5  Mixing Coil Heater, if appropriate:  A 250-mL Erlenmeyer
flask containing 100 mL of water heated to boiling on a dedicated one-
beaker hotplate (Corning PC-35 or equivalent).  The mixing coil in 4.2.4
is immersed in the boiling water to speed kinetics of the hydride forming
reactions and increase solubility of interfering reduced metal
precipitates.

4.2.6  Gas-Liquid Separator:  A glass apparatus for collecting and
separating liquid and gaseous products (P. S. Analytical accessory or
equivalent) which allows the liquid fraction to drain to waste and gaseous
products above the liquid to be swept by a regulated carrier gas (argon)
out of the cell for analysis.  To avoid undue carrier gas dilution, the
gas volume above the liquid should not exceed 20 mL.  See Figure 1 for an
acceptable separator shape. 

4.2.7  Condensor:  Moisture picked up by the carrier gas must be
removed before encountering the hot absorbance cell.  The moist carrier
gas with the hydrides is dried by passing the gasses through a small (< 25
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mL) volume condensor coil (Ace Glass Model 6020-02 or equivalent) that is
cooled to 5 C by a water chiller (Neslab RTE-110 or equivalent).  Cool tap-o

water in place of a chiller is acceptable.

4.2.8  Flow Meter/Regulator:  A meter capable of regulating up to 1
L/min of argon carrier gas is recommended.

4.3  Absorbance Cell:  A 17-cm or longer quartz tube T-cell (windowless is
strongly suggested) is recommended, as shown in Figure 1 (Varian Model VGA-76
accessory or equivalent).  The cell is held in place by a holder that positions
the cell about 1 cm over a conventional AA air-acetylene burner head.  In
operation, the cell is heated to around 900 C.o

4.4  Atomic absorption spectrophotometer:  Single- or dual- channel,
single- or double-beam instrument having a grating monochromator, photomultiplier
detector, adjustable slits, a wavelength range of 190 to 800 nm, and provisions
for interfacing with  an appropriate recording device.

4.5  Burner:  As recommended by the particular instrument manufacturer for
an air-acetylene flame.  An appropriate mounting bracket attached to the burner
that suspends the quartz absorbance cell between 1 and 2 cm above the burner slot
is required. 

4.6  Selenium hollow cathode lamp or selenium electrodeless discharge lamp
and power supply.  Super-charged hollow-cathode lamps or EDL lamps are
recommended for maximum sensitivity.

4.7  Strip-chart recorder (optional):   Connect to output of
spectrophotometer.

5.0  REAGENTS

5.1  Reagent water :  Water must be monitored for impurities.  Refer to
Chapter 1 for definition of Reagent water.

5.2  Concentrated nitric acid (HNO ):  Acid must be analyzed to determine3

levels of impurities.  If a method blank is <MDL, the acid can be used.

5.3  30% Hydrogen peroxide (H O ):  Peroxide must be a tin-free grade.2 2

5.4  Concentrated hydrochloric acid  (HCl):  Acid must be analyzed to
determine levels of impurities.  If a method blank is <MDL, the acid can be used.

5.5  Diluent solution:  A 3% HCl solution in reagent water must be prepared
as a diluent solution if excessive levels of analytes or interfering metals are
found in the undiluted samples.

5.6  Urea (H NCONH ):  A 5.00-g portion of reagent grade urea must be added2 2

to a 25-mL aliquot of each sample for removal of excess peroxide through
degassing (see Section 7.2).
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Figure 1.  Continuous-flow sodium borohydride/hydride generator apparatus setup
and an AAS sample introduction system
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5.7  4% Sodium Borohydride (NaBH ):  A 4 % sodium borohydride solution (204

g reagent-grade NaBH  plus 2 g sodium hydroxide dissolved in 500 mL of reagent4

water) must be prepared for conversion of the selenium to its hydride.

5.8  Selenium solutions:

5.8.1  Selenium standard stock solution (1,000 mg/L):  Either
procure certified aqueous standards from a supplier  and verify by
comparison with a second standard, or dissolve 0.3453 g of selenious acid
(assay 96.6% of H SeO ) in 200 mL of reagent water (1 mL = 1 mg Se).2 3

5.8.2  Selenium working stock solution:  Pipet 1 mL selenium
standard stock solution into a 1 L volumetric flask and bring to volume
with reagent water containing 1.5 mL concentrated HNO /liter.  The3

concentration of this solution is 1 mg Se/L (1 mL = 1 µg Se).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2  All sample containers must be prewashed with detergents, acids, and
reagent water.  Plastic and glass containers are both suitable.

      6.3  Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile selenium compounds are suspected
to be present in the samples.

6.4  Aqueous samples must be acidified to a pH of <2 with nitric acid.

6.5  Nonaqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.

7.0  PROCEDURE

7.1  Place a 100-mL portion of an aqueous sample or extract or 1.000 g of
a dried solid sample in a 250-mL digestion beaker.  Digest aqueous samples and
extracts according to Method 3010.  Digest solid samples according to Method 3050
(furnace AA option) with the following modifications:  add 5 mL of concentrated
hydrochloric acid just prior to the final volume reduction stage to aid in
conversion of selenium to its plus four state; the final volume reduction should
be to less than 5 mL but not to dryness to adequately remove excess hydrogen
peroxide (see note).  After dilution to volume, further dilution with diluent may
be necessary if the analyte is known to exceed 750 µg/L or if interferents are
expected to exceed  a total of 1000 mg/L in the digestate.

Note:  For solid digestions, the volume reduction stage is critical
to obtain accurate data.  Close monitoring of each sample is
necessary when this critical stage in the digestion is reached.
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7.2  Prepare samples for hydride analysis by adding 1.00 g urea, and 20 mL
concentrated HCl to a 5.00 mL aliquot of digested sample in a 50-mL volumetric
flask.  Heat in a water bath to dissolve salts and reduce selenium (at least 30
minutes is suggested).  Bring flask to volume with reagent water before
analyzing.  A ten-fold dilution correction must be made in the final
concentration calculations.

7.3  Prepare working standards from the standard stock selenium solution.
Transfer 0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL of standard to 100-mL volumetric
flasks and bring to volume with diluent.  These concentrations will be 0, 5, 10,
15, 20, and 25 µg Se/L.

7.4  If EP extracts (Method 1310) are being analyzed for selenium, the
method of standard additions must be used.  Spike appropriate amounts of working
standard selenium solution to three 25 mL aliquots of each unknown.  Spiking
volumes should be kept less than 0.250 mL to avoid excessive spiking dilution
errors.

7.5  Set up instrumentation and hydride generation apparatus and fill
reagent containers.  The sample and blank flows should be set around 4.2 mL/min,
and the borohydride flow around 2.1 mL/min.  The argon carrier gas flow is
adjusted to about 200 mL/min.  For the AA, use the 196.0-nm wavelength and 2.0-nm
slit width (or manufacturer's recommended slit-width) with background correction.
Begin all flows and allow the instrument to warm-up according to the instrument
manufacturer's instructions.

7.6  Place sample feed line into a prepared sample solution and start pump
to begin hydride generation.  Wait for a maximum steady-state signal on the
strip-chart recorder.  Switch to blank sample and watch for signal to decline to
baseline before switching to the next sample and beginning the next analysis.
Run standards first (low to high), then unknowns.  Include appropriate QA/QC
solutions, as required.  Prepare calibration curves and convert absorbances to
concentration.  See following analytical flowchart.

CAUTION: The hydride of selenium is very toxic.  Precautions must be taken
to avoid inhaling the gas.

7.7  If the method of standard additions was employed, plot the measured
concentration of the spiked samples and unspiked sample versus the spiked
concentrations.  The spiked concentration axis intercept will be the method of
standard additions concentration.  If the plot does not result in a straight
line, a nonlinear interference is present.  This problem can sometimes be
overcome by dilution or addition of other reagents if there is some knowledge
about the waste.  If the method of standard additions was not required, then the
concentration is determined from a standard calibration curve.

8.0  QUALITY CONTROL

8.1  Refer to Section 8.0 of Method 7000.
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9.0  METHOD PERFORMANCE

9.1  The relative standard deviation obtained by a single laboratory for
7 replicates of a contaminated soil was 18% for selenium at 8.2 ug/L in solution.
The average percent recovery of the analysis of an 2 µg/L spike on ten different
samples is 100.5% for selenium.

10.0  REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.3.

2. "Evaluation of Hydride Atomic Absorption Methods for Antimony, Arsenic,
Selenium, and Tin", an EMSL-LV internal report under Contract 68-03-3249,
Job Order 70.16, prepared for T. A. Hinners by D. E. Dobb, and J. D.
Lindner of Lockheed Engineering and Sciences Co., and L. V. Beach of the
Varian Corporation.
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METHOD 7742
SELENIUM (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION)
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METHOD 7741A

SELENIUM (ATOMIC ABSORPTION, GASEOUS HYDRIDE)

1.0 SCOPE AND APPLICATION

1.1 Method 7741 is an atomic absorption procedure that is approved for
determining the concentration of selenium in wastes, mobility-procedure extracts,
soils, and ground water, provided that the sample matrix does not contain high
concentrations of chromium, copper, mercury, silver, cobalt, or molybdenum.  All
samples must be subjected to an appropriate dissolution step prior to analysis.
Spiked samples and relevant standard reference materials are employed to
determine applicability of the method to a given waste.  If interferences are
present the analyst should consider using Method 7740.

2.0 SUMMARY OF METHOD

2.1 Samples are prepared according to the nitric/sulfuric acid digestion
procedure described in this method.  Next, the selenium in the digestate is
reduced to Se(IV) with tin chloride.  The Se(IV) is then converted to a volatile
hydride with hydrogen produced from a zinc/HCl or sodium borohydrate/HCl
reaction.

2.2 The volatile hydride is swept into an argon-hydrogen flame located
in the optical path of an atomic absorption spectrophotometer; the resulting
absorbance is proportional to the selenium concentration.

2.3 The typical detection limit for this method is 0.002 mg/L.

3.0 INTERFERENCES

3.1 High concentrations of chromium, cobalt, copper, mercury, molybdenum,
nickel, and silver can cause analytical interferences.

3.2 Traces of nitric acid left following the sample work-up can result
in analytical interferences.  Nitric acid must be distilled off the sample by
heating the sample until fumes of SO  are observed.3

3.3 Elemental selenium and many of its compounds are volatile; therefore,
certain samples may be subject to losses of selenium during sample preparation.

4.0 APPARATUS AND MATERIALS

4.1 100-mL beaker.

4.2 Electric hot plate or equivalent - Adjustable and capable of
maintaining a temperature of 90-95 C.o

4.3 A commercially available zinc slurry hydride generator or a generator
constructed from the following material (see Figure 1):
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4.3.1   Medicine dropper:  Fitted into a size "0" rubber stopper
capable of delivering 1.5 mL.

4.3.2   Reaction flask:  50-mL, pear-shaped, with two 14/20 necks
(Scientific Glass, JM-5835).

4.3.3   Gas inlet-outlet tube:  Constructed from a micro cold-finger
condenser (JM-3325) by cutting the portion below the 14/20 ground-glass
joint.

4.3.4   Magnetic stirrer:  To homogenize the zinc slurry.

4.3.5   Polyethylene drying tube:  10-cm, filled with glass wool to
prevent particulate matter from entering the burner.

4.3.6   Flow meter:  Capable of measuring 1 liter/min.

4.4 Atomic absorption spectrophotometer:  Single or dual channel, single-
or double-beam instrument with a grating monochromator, photomultiplier detector,
adjustable slits, a wavelength range of 190-800 nm, and provisions for
interfacing with a strip-chart recorder and simultaneous background correction.

4.5 Burner:  Recommended by the particular instrument manufacturer for
the argon-hydrogen flame.

4.6 Selenium hollow cathode lamp or electrodeless discharge lamp.

4.7 Strip-chart recorder (optional). 

5.0 REAGENTS

5.1 Reagent water:  Water should be monitored for impurities.  Reagent
water will be interference free.   All references to water will refer to reagent
water.

5.2 Concentrated nitric acid:  Acid should be analyzed to determine
levels of impurities.  If a method blank made with the acid is <MDL, the acid can
be used.

5.3 Concentrated sulfuric acid:  Acid should be analyzed to determine
levels of impurities.  If a method blank made with the acid is <MDL, the acid can
be used.

5.4 Concentrated hydrochloric acid:  Acid should be analyzed to determine
levels of impurities.  If a method blank made with the acid is <MDL, the acid can
be used.

5.5 Diluent:  Add 100 mL 18 N H SO  and 400 mL concentrated HCl to 4002 4

mL reagent water and dilute to a final volume of 1 liter with reagent water.

5.6 Potassium iodide solution:  Dissolve 20 g KI in 100 mL reagent water.
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5.7 Stannous chloride solution:  Dissolve 100 g SnCl  in 100 mL of2

concentrated HCl.

5.8 Selenium standard stock solution:  1,000 mg/L solution may be
purchased, or prepared as follows:  Dissolve 0.3453 g of selenious acid (assay
94.6% of H SeO ) in reagent water.  Add to a 200-mL volumetric flask and bring2 3

to volume (1 mL = 1 mg Se).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
reagent water.  Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile selenium compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of <2 with nitric acid.

6.5 Nonaqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation:  

7.1.1   To a 50-mL aliquot of digested sample (or, in the case of
extracts, a 50-mL sample)  add  10 mL of  concentrated HNO   and 12 mL of3

18 N H SO .  Evaporate the sample on a hot plate until white SO  fumes are2 4 3

observed (a volume of about 20 mL).  Do not let it char.  If it chars,
stop the digestion, cool, and add additional HNO .  Maintain an excess of3

HNO  (evidence of brown fumes) and do not let the solution darken because3

selenium may be reduced and lost.  When the sample remains colorless or
straw yellow during evolution of SO  fumes, the digestion is complete.  3

Caution: Venting reaction vessels should be done with
caution and only under a fume hood or well ventilated
area.

7.1.2   Cool the sample, add about 25 mL reagent water, and again
evaporate to SO  fumes just to expel oxides of nitrogen.  Cool.  Add 40 mL3

concentrated HCl and bring to a volume of 100 mL with reagent water.    

7.2 Prepare working standards from the standard stock solutions.  The
following procedures provide standards in the optimum range.

7.2.1   To prepare a working stock solution, pipet 1 mL standard
stock solution (see Paragraph 5.8) into a 1-liter volumetric flask.  Bring
to volume with reagent water containing 1.5 mL concentrated HNO /liter.3

The  concentration  of this solution is 1 mg Se/L (1 mL = 1 ug Se).
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7.2.2   Prepare six working standards by transferring 0, 0.5, 1.0,
1.5, 2.0, and 2.5 mL of the working stock solution (see Paragraph 7.2.1)
into 100-mL volumetric flasks.  Bring to volume with diluent.  The
concentrations of these working standards are 0, 5, 10, 15, 20, and 25 ug
Se/L.

7.3 Standard additions:

7.3.1   Take the 15-, 20-, and 25-ug standards and transfer
quantitatively 25 mL from each into separate 50-mL volumetric flasks.  Add
10 mL of the prepared sample to each.  Bring to volume with reagent water
containing 1.5 mL HNO /liter.3

7.3.2   Add 10 mL of prepared sample to a 50-mL volumetric flask.
Bring to volume with reagent water containing 1.5 mL HNO /liter.  This is3

the blank.

7.4 Follow the manufacturer's instructions for operating an argon-
hydrogen flame.  The argon-hydrogen flame is colorless; therefore, it may be
useful to aspirate a low concentration of sodium to ensure that ignition has
occurred.

7.5 The 196.0-nm wavelength shall be used for the analysis of selenium.

7.6 Transfer a 25-mL portion of the digested sample or standard to the
reaction vessel.  Add 0.5 mL SnCl  solution.  Allow at least 10 min for the metal2

to be reduced to its lowest oxidation state.  Attach the reaction vessel to the
special gas inlet-outlet glassware.  Fill the medicine dropper with 1.50 mL
sodium borohydrate or zinc slurry that has been kept in suspension with the
magnetic stirrer.  Firmly insert the stopper containing the medicine dropper into
the side neck of the reaction vessel.  Squeeze the bulb to introduce the zinc
slurry or sodium borohydrate into the sample or standard solution.  The metal
hydride will produce a peak almost immediately.  When the recorder pen returns
partway to the base line, remove the reaction vessel.

8.0 QUALITY CONTROL

8.1  Refer to section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 270.3 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 270.3. 
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METHOD 7741A
SELENIUM (ATOMIC ABSORPTION, GASEOUS HYDRIDE)
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 METHOD 7471A

MERCURY IN SOLID OR SEMISOLID WASTE (MANUAL COLD-VAPOR TECHNIQUE)

1.0 SCOPE AND APPLICATION 

1.1 Method 7471 is approved for measuring total mercury (organic and
inorganic) in soils, sediments, bottom deposits, and sludge-type materials. All
samples must be subjected to an appropriate dissolution step prior to analysis.
If this dissolution procedure is not sufficient to dissolve a specific matrix
type or sample, then this method is not applicable for that matrix.

2.0 SUMMARY OF METHOD 
 

2.1 Prior to analysis, the solid or semi-solid samples must be prepared
according to the procedures discussed in this method.
 

2.2 Method 7471, a cold-vapor atomic absorption method, is based on the
absorption of radiation at the 253.7-nm wavelength by mercury vapor.  The mercury
is reduced to the elemental state and aerated from solution in a closed system.
The mercury vapor passes through a cell positioned in the light path of an atomic
absorption spectrophotometer.  Absorbance (peak height) is measured as a function
of mercury concentration.
 

2.3 The typical instrument detection limit (IDL) for this method is
0.0002 mg/L.

3.0 INTERFERENCES
 

3.1 Potassium permanganate is added to eliminate possible interference
from sulfide.  Concentrations as high as 20 mg/Kg of sulfide, as sodium sulfide,
do not interfere with the recovery of added inorganic mercury in reagent water.
 

3.2 Copper has also been reported to interfere; however, copper concen-
trations as high as 10 mg/Kg had no effect on recovery of mercury from spiked
samples.
  

3.3 Samples high in chlorides require additional permanganate (as much
as 25 mL) because, during the oxidation step, chlorides are converted to free
chlorine, which also absorbs radiation of 253 nm.  Care must therefore be taken
to ensure that free chlorine is absent before the mercury is reduced and swept
into the cell.  This may be accomplished by using an excess of hydroxylamine
sulfate reagent (25 mL).  In addition, the dead air space in the BOD bottle must
be purged before adding stannous sulfate.  
 

3.4 Certain volatile organic materials that absorb at this wavelength may
also cause interference.  A preliminary run without reagents should determine if
this type of interference is present.
 
4.0 APPARATUS AND MATERIALS
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4.1 Atomic absorption spectrophotometer or equivalent:  Any atomic
absorption unit with an open sample presentation area in which to mount the
absorption cell is suitable.  Instrument settings recommended by the particular
manufacturer should be followed.  Instruments designed specifically for the
measurement of mercury using the cold-vapor technique are commercially available
and may be substituted for the atomic absorption spectrophotometer.
  

4.2 Mercury hollow cathode lamp or electrodeless discharge lamp.
  

4.3 Recorder:  Any multirange variable-speed recorder that is compatible
with the UV detection system is suitable.
 

4.4 Absorption cell:  Standard spectrophotometer cells 10 cm long with
quartz end windows may be used.  Suitable cells may be constructed from Plexiglas
tubing, 1 in. O.D. x 4.5 in.  The ends are ground perpendicular to the
longitudinal axis, and quartz windows (1 in. diameter x 1/16 in. thickness) are
cemented in place.  The cell is strapped to a burner for support and aligned in
the light beam by use of two 2-in. x 2-in. cards.  One-in.-diameter holes are cut
in the middle of each card.  The cards are then placed over each end of the cell.
The cell is then positioned and adjusted vertically and horizontally to give the
maximum transmittance.
 

4.5 Air pump:  Any peristaltic pump capable of delivering 1 L/min air may
be used.  A Masterflex pump with electronic speed control has been found to be
satisfactory.
 

4.6 Flowmeter:  Capable of measuring an air flow of 1 L/min.
 
 4.7 Aeration tubing:  A straight glass frit with a coarse porosity. Tygon
tubing is used for passage of the mercury vapor from the sample bottle to the
absorption cell and return.
 

4.8 Drying tube:  6-in. x 3/4-in.-diameter tube containing 20 g of
magnesium perchlorate or a small reading lamp with 60-W bulb which may be used
to prevent condensation of moisture inside the cell.  The lamp should be
positioned to shine on the absorption cell so that the air temperature in the
cell is about 10 C above ambient.o

 
4.9 The cold-vapor generator is assembled as shown in Figure 1 of

reference 1 or according to the instrument manufacturers instructions.  The
apparatus shown in Figure 1 is a closed system.  An open system, where the
mercury vapor is passed through the absorption cell only once, may be used
instead of the closed system. Because mercury vapor is toxic, precaution must be
taken to avoid its inhalation.  Therefore, a bypass has been included in the
system either to  vent the mercury vapor into an exhaust hood or to pass the
vapor through some absorbing medium, such as:

1. equal volumes of 0.1 M KMnO  and 10% H SO , or4 2 4

2. 0.25% iodine in a 3% KI solution.
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A specially treated charcoal that will adsorb mercury vapor is also
available from Barneby and Cheney, East 8th Avenue and North Cassidy
Street, Columbus, Ohio 43219, Cat. #580-13 or #580-22.

4.10  Hot plate or equivalent - Adjustable and capable of maintaining a
temperature of 90-95 C.o

4.11  Graduated cylinder or equivalent.

5.0 REAGENTS
 

5.1 Reagent Water:  Reagent water will be interference free.  All
references to water in this method refer to reagent water unless otherwise
specified.
  

5.2 Aqua regia:  Prepare immediately before use by carefully adding three
volumes of concentrated HCl to one volume of concentrated HNO .3
 

5.3 Sulfuric acid, 0.5 N:  Dilute 14.0 mL of concentrated sulfuric acid
to 1 liter.
 

5.4 Stannous sulfate:  Add 25 g stannous sulfate to 250 mL of 0.5 N
sulfuric acid.  This mixture is a suspension and should be stirred continuously
during use.  A 10% solution of stannous chloride can be substituted for stannous
sulfate.
 

5.5 Sodium chloride-hydroxylamine sulfate solution:  Dissolve 12 g of
sodium chloride and 12 g of hydroxylamine sulfate in reagent water and dilute to
100 mL.  Hydroxylamine hydrochloride may be used in place of hydroxylamine
sulfate.
 

5.6 Potassium permanganate,  mercury-free,  5% solution (w/v):  Dissolve
5 g of potassium permanganate in 100 mL of reagent water.
  

5.7 Mercury stock solution:  Dissolve 0.1354 g of mercuric chloride in
75 mL of reagent water.  Add 10 mL of concentrated nitric acid and adjust the
volume to 100.0 mL (1.0 mL = 1.0 mg Hg).
 

5.8 Mercury working standard:  Make successive dilutions of the stock
mercury solution to obtain a working standard containing 0.1 ug/mL.  This working
standard and the dilution of the stock mercury solutions should be prepared fresh
daily.  Acidity of the working standard should be maintained at 0.15% nitric
acid.  This acid should be added to the flask, as needed, before adding the
aliquot.
 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
 

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.
  

6.2 All sample containers must be prewashed with detergents, acids, and
reagent water.  Plastic and glass containers are both suitable.
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6.3 Non-aqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible."
 

7.0 PROCEDURE
 

7.1 Sample preparation:  Weigh triplicate 0.2-g portions of untreated
sample and place in the bottom of a BOD bottle.  Add 5 mL of reagent water and
5 mL of aqua regia.  Heat 2 min in a water bath at 95 C.  Cool; then add 50 mLo

reagent water and 15 mL potassium permanganate solution to each sample bottle.
Mix thoroughly and place in the water bath for 30 min at 95 C.  Cool and add 6o

mL of sodium chloride-hydroxylamine sulfate to reduce the excess permanganate.

CAUTION: Do this addition  under a hood,  as Cl  could be evolved.2

Add 55 mL of reagent water.  Treating each bottle individually, add
5 mL of stannous sulfate and immediately attach the bottle to the
aeration apparatus.  Continue as described under step 7.4.

7.2 An alternate digestion procedure employing an autoclave may also be
used.  In this method, 5 mL of concentrated H SO2 4 3 and 2 mL of concentrated HNO
are added to the 0.2 g of sample.  Add 5 mL of saturated KMnO  solution and cover4

the bottle with a piece of aluminum foil.  The samples are autoclaved at 121 Co

and 15 lb for 15 min.  Cool, dilute to a volume of 100 mL with reagent water, and
add 6 mL of sodium chloride-hydroxylamine sulfate solution to reduce the excess
permanganate.  Purge the dead air space and continue as described under step 7.4.
Refer to the caution statement in section 7.1 for the proper protocol in reducing
the excess permanganate solution and adding stannous sulfate.
 

7.3 Standard preparation:  Transfer 0.0-, 0.5-, 1.0-, 2.0-, 5.0-, and 10-
mL aliquots of the mercury working standard, containing 0-1.0 ug of mercury, to
a series of 300-mL BOD bottles or equivalent.  Add enough reagent water to each
bottle to make a total volume of 10 mL.  Add 5 mL of aqua regia and heat 2 min
in a water bath at 95 C.  Allow the sample to cool; add 50 mL reagent water ando

15 mL of KMnO  solution  to each bottle  and return  to the water bath for 304

min.  Cool and add 6 mL of sodium chloride-hydroxylamine sulfate solution to
reduce the excess permanganate.  Add 50 mL of reagent water.  Treating each
bottle individually, add 5 mL of stannous sulfate solution, immediately attach
the bottle to the aeration apparatus, and continue as described in 
Step 7.4.
  

7.4 Analysis:  At this point, the sample is allowed to stand quietly
without manual agitation.  The circulating pump, which has previously been
adjusted to a rate of 1 L/min, is allowed to run continuously.  The absorbance,
as exhibited either on the spectrophotometer or the recorder, will increase and
reach maximum within 30 sec.  As soon as the recorder pen levels off
(approximately 1 min), open the bypass valve and continue the aeration until the
absorbance returns to its minimum value.  Close the bypass valve, remove the
fritted tubing from the BOD bottle, and continue the aeration.

7.5 Construct a calibration curve by plotting the absorbances of stan-
dards versus micrograms of mercury.  Determine the peak height of the unknown
from the chart and read the mercury value from the standard curve.  Duplicates,
spiked samples, and check standards should be routinely analyzed.
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7.6 Calculate metal concentrations:  (1) by the method of standard

additions, (2) from a calibration curve, or (3) directly from the instrument's
concentration read-out.  All dilution or concentration factors must be taken into
account.  Concentrations reported for multiphased or wet samples must be
appropriately qualified (e.g., 5 ug/g dry weight).
 
8.0 QUALITY CONTROL
 

8.1  Refer to section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 245.5 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The data shown in Table 1 were obtained from records of state and
contractor laboratories.  The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 245.5. 

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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 TABLE 1. METHOD PERFORMANCE DATA
                                                                 

 Sample                         Preparation           Laboratory
 Matrix                           Method              Replicates
                                                                   
                                                      
 Emission control dust        Not known            12, 12 ug/g
                                                      
 Wastewater treatment sludge     Not known         0.4, 0.28 ug/g
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METHOD 7471A
MERCURY IN SOLID OR SEMISOLID WASTE (MANUAL COLD-VAPOR TECHNIQUE)
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METHOD 7470A

MERCURY IN LIQUID WASTE (MANUAL COLD-VAPOR TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 Method 7470 is a cold-vapor atomic absorption procedure approved for
determining the concentration of mercury in mobility-procedure extracts, aqueous
wastes, and ground waters.  (Method 7470 can also be used for analyzing certain
solid and sludge-type wastes; however, Method 7471 is usually the method of
choice for these waste types.)  All samples must be subjected to an appropriate
dissolution step prior to analysis.

2.0 SUMMARY OF METHOD 
 

2.1 Prior to analysis, the liquid samples must be prepared according to
the procedure discussed in this method.
  

2.2 Method 7470, a cold-vapor atomic absorption technique, is based on
the absorption of radiation at 253.7-nm by mercury vapor.  The mercury is reduced
to the elemental state and aerated from solution in a closed system. The mercury
vapor passes through a cell positioned in the light path of an atomic absorption
spectrophotometer.  Absorbance (peak height) is measured as a function of mercury
concentration.
 
 2.3 The typical detection limit for this method is 0.0002 mg/L.
 
3.0 INTERFERENCES
  

3.1 Potassium permanganate is added to eliminate possible interference
from sulfide.  Concentrations as high as 20 mg/L of sulfide as sodium sulfide do
not interfere with the recovery of added inorganic mercury from reagent water.
  

3.2 Copper has also been reported to interfere; however, copper concen-
trations as high as 10 mg/L had no effect on recovery of mercury from spiked
samples.
  

3.3 Seawaters, brines, and industrial effluents high in chlorides require
additional permanganate (as much as 25 mL) because, during the oxidation step,
chlorides are converted to free chlorine, which also absorbs radiation of 253.7
nm.  Care must therefore be taken to ensure that free chlorine is absent before
the mercury is reduced and swept into the cell.  This may be accomplished by
using an excess of hydroxylamine sulfate reagent (25 mL).  In addition, the dead
air space in the BOD bottle must be purged before adding stannous sulfate.  Both
inorganic and organic mercury spikes have been quantitatively recovered from
seawater by using this technique.

3.4 Certain volatile organic materials that absorb at this wavelength may
also cause interference.  A preliminary run without reagents should determine if
this type of interference is present.



CD-ROM 7470A - 2 Revision 1
 September 1994

4.0 APPARATUS AND MATERIALS
 

4.1 Atomic absorption spectrophotometer or equivalent:  Any atomic
absorption unit with an open sample presentation area in which to mount the
absorption cell is suitable.  Instrument settings recommended by the particular
manufacturer should be followed.  Instruments designed specifically for the
measurement of mercury using the cold-vapor technique are commercially available
and may be substituted for the atomic absorption spectrophotometer.
 

4.2 Mercury hollow cathode lamp or electrodeless discharge lamp.
 

4.3 Recorder:  Any multirange variable-speed recorder that is compatible
with the UV detection system is suitable.
  

4.4 Absorption cell:  Standard spectrophotometer cells 10 cm long with
quartz end windows may be used.  Suitable cells may be constructed from Plexiglas
tubing, 1 in. O.D. x 4.5 in.  The ends are ground perpendicular to the
longitudinal axis, and quartz windows (1 in. diameter x 1/16 in. thickness) are
cemented in place.  The cell is strapped to a burner for support and aligned in
the light beam by use of two 2-in. x 2-in. cards.  One-in.-diameter holes are cut
in the middle of each card.  The cards are then placed over each end of the cell.
The cell is then positioned and adjusted vertically and horizontally to give the
maximum transmittance.
 

4.5 Air pump:  Any peristaltic pump capable of delivering 1 liter air/min
may be used.  A Masterflex pump with electronic speed control has been found to
be satisfactory.
  

4.6 Flowmeter:  Capable of measuring an air flow of 1 liter/min.
 

4.7 Aeration tubing:  A straight glass frit with a coarse porosity. Tygon
tubing is used for passage of the mercury vapor from the sample bottle to the
absorption cell and return.
  

4.8 Drying tube:  6-in. x 3/4-in.-diameter tube containing 20 g of mag-
nesium perchlorate or a small reading lamp with 60-W bulb which may be used to
prevent condensation of moisture inside the cell.  The lamp should be positioned
to shine on the absorption cell so that the air temperature in the cell is about
10 C above ambient.o

 
4.9 The cold-vapor generator is assembled as shown in Figure 1 of

reference 1 or according to the instrument manufacturers instructions. The
apparatus shown in Figure 1 is a closed system.  An open system, where the
mercury vapor is passed through the absorption cell only once, may be used
instead of the closed system.  Because mercury vapor is toxic, precaution must
be taken to avoid its inhalation.  Therefore, a bypass has been included in the
system either to vent the mercury vapor into an exhaust hood or to pass the vapor
through some absorbing medium, such as:
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1.  Equal volumes of 0.1 M KMnO  and 10% H SO ; or4 2 4

2.  0.25% Iodine in a 3% KI solution.

A specially treated charcoal that will adsorb mercury vapor is also
available from Barnebey and Cheney, East 8th Avenue and North Cassidy
Street, Columbus, Ohio 43219, Cat. #580-13 or #580-22.

4.10  Hot plate or equivalent - Adjustable and capable of maintaining a
temperature of 90-95 C.o

4.11  Graduated cylinder or equivalent.

5.0 REAGENTS

5.1 Reagent Water:  Reagent water will be interference free.  All
references to water in this method will refer to reagent water unless otherwise
specified.

5.2 Sulfuric acid (H SO ), concentrated:  Reagent grade.2 4

5.3 Sulfuric acid, 0.5 N:  Dilute 14.0 mL of concentrated sulfuric acid
to 1.0 liter.

5.4 Nitric acid (HNO ), concentrated:  Reagent grade of low mercury3

content.  If a high reagent blank is obtained, it may be necessary to distill the
nitric acid.

5.5 Stannous sulfate:  Add 25 g stannous sulfate to 250 mL of 0.5 N
H SO .  This mixture is a suspension and should be stirred continuously during2 4

use.  (Stannous chloride may be used in place of stannous sulfate.)

5.6 Sodium chloride-hydroxylamine sulfate solution:  Dissolve 12 g of
sodium chloride and 12 g of hydroxylamine sulfate in reagent water and dilute to
100 mL.  (Hydroxylamine hydrochloride may be used in place of hydroxylamine
sulfate.)

5.7 Potassium permanganate, mercury-free,  5% solution  (w/v):  Dissolve
5 g of potassium permanganate in 100 mL of reagent water.

5.8 Potassium persulfate, 5% solution (w/v):  Dissolve 5 g of potassium
persulfate in 100 mL of reagent water.

5.9 Stock mercury solution:  Dissolve 0.1354 g of mercuric chloride in
75 mL of reagent water.  Add 10 mL of concentrated HNO  and adjust the volume to3

100.0 mL (1 mL = 1 mg Hg).  Stock solutions may also be purchased.

5.10  Mercury working standard:  Make successive dilutions of the stock
mercury solution to obtain a working standard containing 0.1 ug per mL.  This
working standard and the dilutions of the stock mercury solution should be
prepared fresh daily.  Acidity of the working standard should be maintained at
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0.15% nitric acid.  This acid should be added to the flask, as needed, before
addition of the aliquot.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
reagent water.  Plastic and glass containers are both suitable.

6.3 Aqueous samples must be acidified to a pH <2 with HNO .  The3

suggested maximum holding times for mercury is 28 days.

6.4 Nonaqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.

7.0 PROCEDURE 

7.1 Sample preparation:  Transfer  100 mL,  or  an  aliquot  diluted  to
100 mL, containing <1.0 g of mercury, to a 300-mL BOD bottle or equivalent.  Add
5 mL of H SO  and 2.5 mL of concentrated HNO , mixing after each addition.  Add2 4 3

15 mL of potassium permanganate solution to each sample bottle.  Sewage samples
may require additional permanganate.  Ensure that equal amounts of permanganate
are added to standards and blanks.  Shake and add additional portions of
potassium permanganate solution, if necessary, until the purple color persists
for at least 15 min.  Add 8 mL of potassium persulfate to each bottle and heat
for 2 hr in a water bath maintained at 95 C.  Cool and add 6 mL of sodiumo

chloride-hydroxylamine sulfate to reduce the excess permanganate.  After a delay
of at least 30 sec, add 5 mL of stannous sulfate, immediately attach the bottle
to the aeration apparatus, and continue as described in Paragraph 7.3.

7.2 Standard preparation:  Transfer 0-, 0.5-, 1.0-, 2.0-, 5.0-, and 10.0-
mL aliquots of the mercury working standard, containing 0-1.0 ug of mercury, to
a series of 300-mL BOD bottles.  Add enough reagent water to each bottle to make
a total volume of 100 mL.  Mix thoroughly and add 5 mL of concentrated H SO  and2 4

2.5 mL of concentrated HNO  to each bottle.  Add 15 mL of KMnO  solution to each3 4

bottle and allow to stand at least 15 min.  Add 8 mL of potassium persulfate to
each bottle and heat for 2 hr in a water bath maintained at 95 C.  Cool and addo

6 mL of sodium chloride-hydroxylamine sulfate solution to reduce the excess
permanganate.  When the solution has been decolorized, wait 30 sec, add 5 mL of
the stannous sulfate solution, immediately attach the bottle to the aeration
apparatus, and continue as described in Paragraph 7.3.
 

7.3 Analysis:  At this point the sample is allowed to stand quietly
without manual agitation.  The circulating pump, which has previously been
adjusted to a rate of 1 liter/min, is allowed to run continuously.  The
absorbance will increase and reach a maximum within 30 sec.  As soon as the
recorder pen levels off (approximately 1 min), open the bypass valve and continue
the aeration until the absorbance returns to its minimum value.  Close the bypass
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valve, remove the stopper and frit from the BOD bottle, and continue the
aeration.  Because of instrument variation refer to the manufacturers recommended
operating conditions when using this method.

7.4 Construct a calibration curve by plotting the absorbances of stan-
dards versus micrograms of mercury.  Determine the peak height of the unknown
from the chart and read the mercury value from the standard curve.  Duplicates,
spiked samples, and check standards should be routinely analyzed.
 

7.5 Calculate metal concentrations (1) by the method of standard
additions, or (2) from a calibration curve.  All dilution or concentration
factors must be taken into account.  Concentrations reported for multiphased or
wet samples must be appropriately qualified (e.g., 5 ug/g dry weight).
 
8.0 QUALITY CONTROL
 

8.1  Refer to section 8.0 of Method 7000.
 
9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 245.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 245.1.
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METHOD 7470A
MERCURY IN LIQUID WASTE (MANUAL COLD-VAPOR TECHNIQUE)
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METHOD 7197

CHROMIUM, HEXAVALENT (CHELATION/EXTRACTION)

1.0 SCOPE AND APPLICATION

1.1 Method 7197 is approved for determining the concentration of
dissolved hexavalent chromium [Cr(VI)] in Extraction Procedure (EP) toxicity
characteristic extracts and ground waters.  This method may also be applicable
to certain domestic and industrial wastes, provided that no interfering
substances are present (see Paragraph 3.1).

1.2 Method 7197 may be used  to analyze  samples containing  from 1.0 to
25 ug of Cr(VI) per liter.

2.0 SUMMARY OF METHOD

2.1 Method 7197 is based on the chelation of hexavalent chromium with
ammonium pyrrolidine dithiocarbamate (APDC) and extraction with methyl isobutyl
ketone (MIBK).  The extract is aspirated into the flame of an atomic absorption
spectrophotometer.

3.0 INTERFERENCES 

3.1 High concentrations of other metals may interfere.

4.0 APPARATUS AND MATERIALS

4.1 Atomic absorption spectrophotometer:  Single or dual channel, single-
or double-beam instrument, having a grating monochromator, photomultiplier
detector, adjustable slits, and provisions for background correction.

4.2 Chromium hollow cathode lamp.

4.3 Strip-chart recorder (optional).

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193):  Water should be monitored for
impurities.

5.2 Ammonium  pyrrolidine  dithiocarbamate (APDC) solution:  Dissolve 1.0
g APDC in Type II water and dilute to 100 mL.  Prepare fresh daily.

5.3 Bromphenol blue indicator solution:  Dissolve 0.1 g bromphenol blue
in 100 mL 50% ethanol.
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5.4 Potassium dichromate standard solution I (1.0 mL = 100 ug Cr):
Dissolve 0.2829 g pure dried potassium dichromate, K Cr 0 , in Type II water and2 2 7

dilute to 1,000 mL.

5.5 Potassium dichromate standard solution II (1.0 mL = 10.0 ug Cr):
Dilute 100 mL chromium standard solution I to 1 liter with Type II water.

5.6 Potassium dichromate standard solution III (1.0 mL = 0.10 ug Cr):
Dilute 10.0 mL chromium standard solution II to 1 liter with Type II water.

5.7 Methyl isobutyl ketone (MIBK), analytical reagent grade:  Avoid or
redistill material that comes in contact with metal or metal-lined caps.

5.8 Sodium hydroxide solution, 1 M:  Dissolve to 40 g sodium hydroxide,
NaOH (ASC reagent grade), in Type II water and dilute to 1 liter.

5.9 Sulfuric acid, 0.12 M:  Slowly add 6.5 mL distilled reagent grade or
spectrograde-quality sulfuric acid, H SO , to Type II water and dilute to 12 4

liter.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 Because the stability of Cr(VI) in EP extracts is not completely
understood at this time, the chelation and extraction should be carried out as
soon as possible.

6.3 To retard the chemical activity of hexavalent chromium, the samples
and extracts should be stored at 4EC until analyzed.

7.0 PROCEDURE

7.1 Pipet a volume of extract containing less than 2.5 ug chromium
(100 mL maximum) into a 200-mL volumetric flask and adjust the volume to
approximately 100 mL.  

7.2 Prepare a blank and sufficient standards and adjust the volume of
each to approximately 100 mL.

7.3 Add 2 drops of bromphenol blue indicator solution.  (The adjustment
of pH to 2.4, Step 7.4, may be made with a pH meter instead of using an
indicator.)

7.4 Adjust the pH by addition of 1 M NaOH solution dropwise until a blue
color persists.  Add 0.12 M H SO  dropwise until the blue color just disappears2 4

in both the standards and sample.  Then add 2.0 mL of 0.12 M H SO  in excess.2 4

The pH at this point should be 2.4.
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7.5 Add 5.0 mL APDC solution and mix.  The pH should then be approxi-
mately 2.8.

7.6 Add 10.0 mL MIBK and shake vigorously for 3 min.

7.7 Allow the layers to separate and add Type II water until the ketone
layer is completely in the neck of the flask.

7.8 Aspirate the ketone layer and record the scale reading for each
sample and standard against the blank.  Repeat, and average the duplicate
results.

7.9 Determine the mg/liter of Cr(VI) in each sample from a plot of scale
readings of standards.  A working curve must be prepared with each set of
samples.

7.10 Verification:

7.10.1 For every sample matrix analyzed, verification is
required to ensure that neither a reducing condition nor chemical
interference is affecting chelation.  This must be accomplished by
analyzing a second 10-mL aliquot of the pH-adjusted filtrate that has been
spiked with Cr(VI).  The amount of spike added should double the
concentration found in the original aliquot.  Under no circumstances
should the increase be less than 30 ug/L Cr(VI).  To verify the absence of
an interference, the spike recovery must be between 85% and 115%.

7.10.2 If addition of the spike extends the concentration
beyond the calibration curve, the analysis solution should be diluted with
blank solution and the calculated results adjusted accordingly.

7.10.3 If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed.

7.10.4 If the interference persists after sample dilution, an
alternative method (Method 7195, Coprecipitation, or Method 7196,
Colorimetric) should be used.

7.11 Acidic extracts that yield recoveries of less than 85% should be
retested to determine if the low spike recovery is due to the presence of
residual reducing agent.  This determination shall be performed by first making
an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium hydroxide and
then respiking and analyzing.  If a spike recovery of 85-115% is obtained in the
alkaline aliquot of an acidic extract that initially was found to contain less
than 5 mg/L Cr(VI), one can conclude that the analytical method has been
verified.
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8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and three
standards.  A calibration curve should be made for every hour of continuous
sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples.  A duplicate
sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions (see Method 7000, Section 8.7) shall
be used for the analysis of all EP extracts, on all analyses submitted as part
of a delisting petition, and whenever a new sample matrix is being analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 218.4 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.4. 
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METHOD 7196A

CHROMIUM, HEXAVALENT (COLORIMETRIC)
 
 
1.0  SCOPE AND APPLICATION
  

1.1 Method 7196 is used to determine the concentration of dissolved
hexavalent chromium [Cr(VI)] in EP/TCLP characteristic extracts and ground
waters.  This method may also be applicable to certain domestic and industrial
wastes, provided that no interfering substances are present (see Paragraph 3.1
below).
  

1.2 Method 7196 may be used to analyze samples containing from 0.5 to 
50 mg of Cr(VI) per liter.
 
 
2.0  SUMMARY OF METHOD
 

2.1 Dissolved hexavalent chromium, in the absence of interfering amounts
of substances such as molybdenum, vanadium, and mercury, may be determined
colorimetrically by reaction with diphenylcarbazide in acid solution.  A red-
violet color of unknown composition is produced.  The reaction is very sensitive,
the absorbancy index per gram atom of chromium being about 40,000 at 540 nm.
Addition of an excess of diphenylcarbazide yields the red-violet product, and its
absorbance is measured photometrically at 540 nm.
 
 
3.0  INTERFERENCES 
 

3.1 The chromium reaction with diphenylcarbazide is usually free from
interferences.  However, certain substances may interfere if the chromium
concentration is relatively low.  Hexavalent molybdenum and mercury salts also
react to form color with the reagent; however, the red-violet intensities
produced are much lower than those for chromium at the specified pH.
Concentrations of up to 200 mg/L of molybdenum and mercury can be tolerated.
Vanadium interferes strongly, but concentrations up to 10 times that of chromium
will not cause trouble.
 

3.2 Iron in concentrations greater than 1 mg/L may produce a yellow
color, but the ferric iron color is not strong and difficulty is not normally
encountered if the absorbance is measured photometrically at the appropriate
wavelength.
 
 
4.0  APPARATUS AND MATERIALS
 

4.1 Colorimetric equipment:  One of the following is required:  Either
a spectrophotometer, for use at 540 nm, providing a light path of 1 cm or longer,
or a filter photometer, providing a light path of 1 cm or longer and equipped
with  a greenish-yellow filter  having  maximum  transmittance  near
540 nm.
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5.0  REAGENTS
  

5.1 Reagent water:  Reagent water  should  be monitored  for
impurities.
 

5.2 Potassium dichromate stock solution:  Dissolve 141.4 mg of dried
potassium dichromate, K Cr O  (analytical reagent grade), in reagent water and2 2 7

dilute to 1 liter (1 mL = 50 ug Cr).
 

5.3 Potassium dichromate standard solution:  Dilute 10.00 mL potassium
dichromate stock solution to 100 mL (1 mL = 5 ug Cr).
 

5.4 Sulfuric acid, 10% (v/v):  Dilute 10 mL of distilled reagent grade
or spectrograde quality sulfuric acid, H SO , to 100 mL with reagent water.2 4

 
5.5 Diphenylcarbazide solution:  Dissolve 250 mg 1,5-diphenylcarbazide

in 50 mL acetone.  Store in a brown bottle.  Discard when the solution becomes
discolored. 
 

5.6 Acetone (analytical reagent grade):  Avoid or redistill material that
comes in containers with metal or metal-lined caps.
 
 
6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual. 
 

6.2 Since the stability of Cr(VI) in extracts is not completely
understood at this time, the analysis should be carried out as soon as possible.
 

6.3 To retard the chemical activity of hexavalent chromium, the samples
and extracts should be stored at 4 C until analyzed.  The maximum holding timeo

prior to analysis of the samples or extracts is 24 hr.  The 24 hr holding time
begins after extraction.
 
 
7.0  PROCEDURE 
 
     7.1 Color development and measurement:  Transfer 95 mL of the extract to
be tested to a 100-mL volumetric flask.  Add 2.0 mL diphenylcarbazide solution
and mix.  Add H SO  solution to give a pH of 2 + 0.5, dilute to 100 mL with2 4

reagent water, and let stand 5 to 10 min for full color development.  Transfer
an appropriate portion of the solution to a 1-cm absorption cell and measure its
absorbance at 540 nm.  Use reagent water as a reference.  Correct the absorbance
reading of the sample by subtracting the absorbance of a blank carried through
the method (see Note below).  An aliquot of the sample containing all reagents
except diphenylcarbazide should be prepared and used to correct the sample for
turbidity (i.e., a turbidity blank).  From the corrected absorbance, determine
the mg/L of chromium present by reference to the calibration curve.

NOTE: If the solution is turbid after dilution to 100 mL in Step 7.1,
above, take an absorbance reading before adding the carbazide
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reagent and correct the absorbance reading of the final colored
solution by subtracting the absorbance measured previously.

  7.2 Preparation of calibration curve:

  7.2.1  To compensate for possible slight losses of chromium during
digestion or other operations of the analysis, treat the chromium
standards by the same procedure as the sample.  Accordingly, pipet a
chromium standard solution in measured volumes into 250-mL beakers or
conical flasks  to generate standard concentrations  ranging from 0.5 to
5 mg/L Cr(VI) when diluted to the appropriate volume.

7.2.2  Develop the color of the standards as for the samples.
Transfer a suitable portion of each colored solution to a 1-cm absorption
cell and measure the absorbance at 540 nm.  As reference, use reagent
water.  Correct the absorbance readings of the standards by subtracting
the absorbance of a reagent blank carried through the method.  Construct
a calibration curve by plotting corrected absorbance values against mg/L
of Cr(VI). 

 
     7.3 Verification:
 

7.3.1  For every sample matrix analyzed, verification is required to
ensure that neither a reducing condition nor chemical interference is
affecting color development.  This must be accomplished by analyzing a
second 10-mL aliquot of the pH-adjusted filtrate that has been spiked with
Cr(VI).  The amount of spike added should double the concentration found
in the original aliquot.  Under no circumstances should the increase be
less than 30 µg Cr(VI)/liter.  To verify the absence of an interference,
the spike recovery must be between 85% and 115%.

7.3.2  If addition of the spike extends the concentration beyond the
calibration curve, the analysis solution should be diluted with blank
solution and the calculated results adjusted accordingly.

7.3.3  If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed.

7.3.4  If the interference persists after sample dilution, an
alternative method (Method 7195, Coprecipitation, or Method 7197,
Chelation/Extraction) should be used.

7.4 Acidic extracts that yield recoveries of less than 85% should be
retested to determine if the low spike recovery is due to the presence of
residual reducing agent.  This determination shall be performed by first making
an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium hydroxide and
then respiking and analyzing.  If a spike recovery of 85-115% is obtained in the
alkaline aliquot of an acidic extract that initially was found to contain less
than 5 mg/L Cr(VI), one can conclude that the analytical method has been
verified.
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7.5 Analyze all extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method of
standard additions (see Method 7000, Section 8.7).

8.0  QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.  Refer to Chapter One for more information.

8.2 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.3 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.4 Verify calibration with an independently prepared check standard
every 15 samples.

8.5 Run one matrix spike replicate or one replicate sample for every ten
samples.  A duplicate sample is a sample brought through the whole sample
preparation and analytical process.  Refer to Chapter One for more information
concerning matrix spikes and matrix spike duplicates.

8.6 The method of standard additions (see Method 7000, Section 8.7) shall
be used for the analysis of all extracts, on all analyses submitted as part of
a delisting petition, and whenever a new sample matrix is being analyzed.

9.0  METHOD PERFORMANCE

9.1 The data shown in Table 1 were obtained from records of state and
contractor laboratories.  The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0  REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Methods 218.4 and 218.5. 

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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                   TABLE 1. METHOD PERFORMANCE DATA
                                     

 Sample                      Preparation            Laboratory
 Matrix                        Method               Replicates

                                                       
 Wastewater treatment                                   
   sludge                    Not known  0.096, 0.107 ug/g
                                                       
 Sediment from chemical                                 
  storage area                 3060                 115, 117 ug/g
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METHOD 7195

CHROMIUM, HEXAVALENT (COPRECIPITATION)

1.0 SCOPE AND APPLICATION

1.1 Method 7195 is to be used to determine the concentration of dissolved
hexavalent chromium [Cr(VI)] in Extraction Procedure (EP) toxicity characteristic
extracts and ground waters.  This method may also be applicable to certain
domestic and industrial wastes, provided that no interfering substances are
present (see Paragraph 3.1 below).

1.2 Method 7195 may be used to analyze samples containing more than 5 ug
of Cr(VI) per liter.  Either flame or furnace atomic absorption spectroscopy
(Methods 7190 and 7191) can be used with coprecipitation.

2.0 SUMMARY OF METHOD

2.1 Method 7195 is based on the separation of Cr(VI) from solution by
coprecipitation of lead chromate with lead sulfate in a solution of acetic acid.
After separation, the supernate [containing Cr(III)] is drawn off and the
precipitate is washed to remove occluded Cr(III).  The Cr(VI) is then reduced and
resolubilized in nitric acid and quantified as Cr(III) by either flame or furnace
atomic absorption spectroscopy (Methods 7190 and 7191).

3.0 INTERFERENCES

3.1 Extracts containing either sulfate or chloride in concentrations
above 1,000 mg/L should be diluted prior to analysis.

4.0 APPARATUS AND MATERIALS

4.1 Filtering flask:  Heavy wall, 1-liter capacity.

4.2 Centrifuge tubes:  Heavy duty, conical, graduated, glass-stoppered,
10-mL capacity.

4.3 Pasteur pipets:  Borosilicate glass, 6.8 cm.

4.4 Centrifuge:  Any centrifuge capable of reaching 2,000 rpm and
accepting the centrifuge tubes described in Section 4.2 may be used.

4.5 pH meter:  A wide variety of instruments are commercially available
and suitable for this work.

4.6 Test tube mixer:  Any mixer capable of imparting a thorough vortex
is acceptable.



7195  2
CD-ROM Revision      0     

Date  September 1986

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM D1193):  Water should be monitored for
impurities.

5.2 Lead nitrate solution:  Dissolve 33.1 g of lead nitrate, Pb(NO )23

(analytical reagent grade), in Type II water and dilute to 100 mL.

5.3 Ammonium sulfate solution:  Dissolve 2.7 g of ammonium sulfate,
(NH ) SO  (analytical reagent grade), in Type II water and dilute to 100 mL.4 2 4

5.4 Calcium nitrate solution:  Dissolve 11.8 g of calcium nitrate,
Ca(NO ) @4H O (analytical reagent grade), in Type II water and dilute to 3 2 2

100 mL (1 mL = 20 mg Ca).

5.5 Nitric acid:  Concentrated, distilled reagent grade or spectrograde
quality. 

5.6 Acetic acid, glacial, 10% (v/v):  Dilute 10 mL glacial acetic acid,
CH COOH (ACS reagent grade), to 100 mL with Type II water.3

5.7 Ammonium hydroxide, 10% (v/v):  Dilute 10 mL concentrated ammonium
hydroxide, NH OH (analytical reagent grade), to 100 mL with Type II water.4

5.8 Hydrogen peroxide, 30%:  ACS reagent grade.

5.9 Potassium dichromate standard solution:  Dissolve 28.285 g of dried
potassium dichromate, K Cr O  (analytical reagent grade), in Type II water and2 2 7

dilute to 1 liter (1 mL = 10 mg Cr).

5.10 Trivalent chromium working stock solution:  To 50 mL of the potassium
dichromate standard solution, add 1 mL of 30% H O  and 1 mL concentrated HNO  and2 2 3

dilute to 100 mL with Type II water (1 mL = 5.0 mg trivalent chromium).  Prepare
fresh monthly, or as needed.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Since the stability of Cr(VI) in EP extracts is not completely
understood at this time, the analysis should be carried out as soon as possible.

6.3 To retard the chemical activity of hexavalent chromium, samples and
extracts should be stored at 4EC until analyzed.  The maximum holding time prior
to analysis is 24 hr.
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7.0 PROCEDURE 

7.1 Transfer a 50-mL portion of the sample to a 100-mL Griffin beaker and
adjust to a pH of 3.5 + 0.3 by adding volumes of 10% acetic acid dropwise.
Proceed immediately to Step 7.2, taking no longer than 15 min between these
steps.

NOTE: Care must be exercised not to take the pH below 3.  If the pH is
inadvertently lowered to <3, 10% NH OH should be used to readjust4

the pH to 3.5 + 0.3.

7.2 Pipet a 10-mL aliquot of the adjusted sample into a centrifuge tube.
Add 100 uL of the lead nitrate solution, stopper the tube, mix the sample, and
allow to stand for 3 min.

7.3 After the formation of lead chromate, to help retain Cr(III) complex
in solution, add 0.5 mL glacial acetic acid, stopper, and mix.

7.4 To provide adequate lead sulfate for coprecipitation, add 100 uL of
ammonium sulfate solution, stopper, and mix.

7.5 Place the stoppered centrifuge tube in the centrifuge, making sure
that the tube is properly counterbalanced.  Start the centrifuge and slowly
increase the speed to 2,000 rpm in small increments over a period of 5 min.  Hold
at 2,000 rpm for 1 min.  

NOTE: The speed of the centrifuge must be increased slowly to ensure
complete coprecipitation.

7.6 After centrifuging, remove the tube and withdraw and discard the
supernate using either the apparatus detailed in Figure 1 or careful decantation.
If using the vacuum apparatus, the pasteur pipet is lowered into the tube and the
supernate is sucked over into the filtering flask.  With care, the supernate can
be withdrawn to within approximately 0.1 mL above the precipitate.  Wash the
precipitate with 5 mL Type II water and repeat steps 7.5 and 7.6; then proceed
to 7.7.

7.7 To the remaining precipitate, add 0.5 mL concentrated HNO , 100 uL3

30% H O , and 100 uL calcium nitrate solution.  Stopper the tube and mix, using2 2

a vortex mixer to disrupt the precipitate and solubilize the lead chromate.
Dilute to 10 mL, mix, and analyze in the same manner as the calibration standard.

7.8 Flame atomic absorption:  At the time of analysis, prepare a blank
and a series of at least four calibration standards from the Cr(III) working
stock that will adequately bracket the sample and cover a concentration range of
1 to 10 mg Cr/L.  Add to the blank and each standard, before diluting to final
volume, 1 mL 30% H O , 5 mL concentrated HNO , and 1 mL calcium nitrate solution2 2 3

for each 100 mL of prepared solution.  These calibration standards should be
prepared fresh weekly, or as needed.  Refer to Method 7090 for more detail.
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7.9 Furnace atomic absorption:  At the time of analysis, prepare a blank
and a series of at least four calibration standards from the Cr(III) working
stock that will adequately bracket the sample and cover a concentration range of
5 to 100 ug Cr/L.  Add to the blank and each standard, before diluting to final
volume, 1 mL 30% H O , 5 mL concentrated HNO , and 1 mL calcium nitrate solution2 2 3

for each 100 mL of prepared solution.  These calibration standards should be
prepared fresh weekly, or as needed.  Refer to Method 7191 for more detail.

7.10 Verification:

7.10.1 For every sample matrix analyzed, verification is
required to ensure that neither a reducing condition nor chemical
interference is affecting precipitation.  This must be accomplished by
analyzing a second 10-mL aliquot of the pH-adjusted filtrate that has been
spiked with Cr(VI).  The amount of spike added should double the
concentration found in the original aliquot.  Under no circumstance should
the increase be less than 30 ug/L Cr(VI).  To verify the absence of an
interference, the spike recovery must be between 85% and 115%.

7.10.2 If addition of the spike extends the concentration
beyond the calibration curve, the analysis solution should be diluted with
blank solution and the calculated results adjusted accordingly.

7.10.3 If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed.  If necessary,
use furnace atomic absorption to achieve the optimal concentration range.

7.10.4 If the interference persists after sample dilution, an
alternative method (Method 7197, Chelation/Extraction, or Method 7196,
Colorimetric) should be used.

7.11 Acidic extracts that yield recoveries of less than 85% should be
retested to determine if the low spike recovery is due to the presence of
residual reducing agent.  This determination shall be performed by first making
an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium hydroxide and
then respiking and analyzing.  If a spike recovery of 85-115% is obtained in the
alkaline aliquot of an acidic extract that initially was found to contain less
than 5 mg/L Cr(VI), one can conclude that the analytical method has been
verified.

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and three
standards.  A calibration curve should be made for every hour of continuous
sample analysis.
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8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples.  A duplicate
sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions (see Method 7000, Section 8.7) shall
be used for the analysis of all EP extracts, on all analyses submitted as part
of a delisting petition, and whenever a new sample matrix is being analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 218.5 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.5. 
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METHOD 7062

ANTIMONY AND ARSENIC (ATOMIC ABSORPTION,  BOROHYDRIDE REDUCTION)

1.0  SCOPE AND APPLICATION

1.1  Method 7062 is an atomic absorption procedure for determining 1 µg/L
to 400 µg/L concentrations of antimony and arsenic in wastes, mobility procedure
extracts, soils, and ground water.  Method 7062 is approved for sample matrices
that contain up to  a total of 4000 mg/L concentrations of cobalt, copper, iron,
mercury, or nickel.  A solid sample can contain up to 40% by weight of the
interferents before exceeding 4000 mg/L in a digested sample.  All samples
including aqueous matrices must be subjected to an appropriate dissolution step
prior to analysis.  Spiked samples and relevant standard reference materials are
used to determine the applicability of the method to a given waste.

2.0  SUMMARY OF METHOD

2.1  Samples are prepared according to the nitric acid digestion procedure
described in Method 3010 for aqueous and extract samples and the
nitric/peroxide/hydrochloric acid digestion procedure described in Method 3050
(furnace AA option) for sediments, soils, and sludges.  Excess peroxide is
removed by evaporating samples to near dryness at the end of the digestion
followed by degassing the samples upon addition of urea.  L-cysteine is then
added as a masking agent.  Next, the antimony and arsenic in the digest are
reduced to the trivalent forms with potassium iodide.  The trivalent antimony and
arsenic are then converted to volatile hydrides using hydrogen produced from the
reaction of the acidified sample with sodium borohydride in a continuous-flow
hydride generator.

2.2  The volatile hydrides are swept into, and decompose in, a heated
quartz cell located in the optical path of an atomic absorption
spectrophotometer.  The resulting absorption of the lamp radiation is
proportional to the arsenic or antimony concentration.

2.3  The typical detection limit for this method is 1.0 µg/L.

3.0  INTERFERENCES

3.1  Very high (>4000 mg/L) concentrations of cobalt, copper, iron,
mercury, and nickel can cause analytical interferences through precipitation as
reduced metals and associated blockage of transfer lines and fittings.

3.2  Traces of peroxides left following the sample work-up can result in
analytical interferences.  Peroxides must be removed by evaporating each sample
to near dryness followed by reaction with urea and allowing sufficient time for
degassing before analysis (see Sections 7.1 and 7.2).
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3.3  Even after acid digestion, organic compounds will remain in the
sample.  These flame gases and these organic compounds can absorb at the
analytical wavelengths and background correction must be used.

4.0  APPARATUS AND MATERIALS

4.1  Electric hot plate:  Large enough to hold at least several 100 mL
Pyrex digestion beakers.

4.2  A continuous-flow hydride generator:  A commercially available
continuous-flow sodium borohydride/HCl hydride generator or a generator
constructed similarly to that shown in Figure 1 (P. S. Analytical or equivalent).

4.2.1  Peristaltic Pump:  A four-channel, variable-speed peristaltic
pump to permit regulation of liquid-stream flow rates (Ismatec Reglo-100
or equivalent).  Pump speed and tubing diameters should be adjusted to
provide the following flow rates:  sample/blank flow = 4.2 mL/min;
borohydride flow = 2.1 mL/min; and potassium iodide flow = 0.5 mL/min.

4.2.2  Sampling Valve (optional):    A sampling valve (found in the
P. S. Analytical Hydride Generation System or equivalent) that allows
switching between samples and blanks (rinse solution) without introduction
of air into the system will provide more signal stability.

4.2.3  Transfer Tubing and Connectors:  Transfer tubing (1 mm I.D.),
mixing T's, and connectors are made of a fluorocarbon (PFA or TFM) and are
of compatible sizes to form tight, leak-proof connections (Latchat,
Technicon, etc. flow injection apparatus accessories or equivalent). 

4.2.4  Mixing Coil:  A 20-turn coil made by wrapping transfer tubing
around a 1-cm diameter by 5-cm long plastic or glass rod (see Figure 1).

4.2.5  Mixing Coil Heater, if appropriate:  A 250-mL Erlenmeyer
flask containing 100 mL of water heated to boiling on a dedicated one-
beaker hotplate (Corning PC-35 or equivalent).  The mixing coil in 4.2.4
is immersed in the boiling water to speed kinetics of the hydride forming
reactions and increase solubility of interfering reduced metal
precipitates.

4.2.6  Gas-Liquid Separator:  A glass apparatus for collecting and
separating liquid and gaseous products (P.T. Analytical accessory or
equivalent) which allows the liquid fraction to drain to waste and gaseous
products above the liquid to be swept by a regulated carrier gas (argon)
out of the cell for analysis.  To avoid undue carrier gas dilution, the
gas volume above the liquid should not exceed 20 mL.  See Figure 1 for an
acceptable separator shape. 

4.2.7  Condensor:  Moisture picked up by the carrier gas must be
removed before encountering the hot absorbance cell.  The moist carrier
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gas with the hydrides is dried by passing the gasses through a small (< 25
mL) volume condensor coil (Ace Glass Model 6020-02 or equivalent) that is
cooled to 5 C by a water chiller (Neslab RTE-110 or equivalent).  Cool tap-o

water in place of a chiller is acceptable.

4.2.8  Flow Meter/Regulator:  A meter capable of regulating up to 1
L/min of argon carrier gas is recommended.

4.3  Absorbance Cell:  A 17 cm or longer quartz tube T-cell (windowless is
strongly suggested) is recommended, as shown in Figure 1 (Varian Model VGA-76
accessory or equivalent).  The cell is held in place by a holder that positions
the cell about 1 cm over a conventional AA air-acetylene burner head.  In
operation, the cell is heated to around 900 C.o

4.4  Atomic absorption spectrophotometer:  Single or dual channel, single-
or double-beam instrument having a grating monochromator, photomultiplier
detector, adjustable slits, a wavelength range of 190 to 800 nm, and provisions
for interfacing with  an appropriate recording device.

4.5  Burner:  As recommended by the particular instrument manufacturer for
an air-acetylene flame.  An appropriate mounting bracket attached to the burner
that suspends the quartz absorbance cell between 1 and 2 cm above the burner slot
is required. 

4.6  Antimony and arsenic hollow cathode lamps or antimony and arsenic
electrodeless discharge lamps and power supply.  Super-charged hollow-cathode
lamps or EDL lamps are recommended for maximum sensitivity.

4.7  Strip-chart recorder (optional):    Connect to output of
spectrophotometer.

5.0  REAGENTS

5.1  Reagent water:  Water must be monitored for impurities.  Refer to
Chapter 1 for definition of Reagent water.

5.2  Concentrated nitric acid (HNO ):  Acid must be analyzed to determine3

levels of impurities.  If a method blank is <MDL, the acid can be used.

5.3  30% Hydrogen peroxide (H O ):  Peroxide must be a tin-free grade.2 2

5.4  Concentrated hydrochloric acid  (HCl):  Acid must be analyzed to
determine levels of impurities.  If a method blank is <MDL, the acid can be used.

5.5  Diluent solution:  A 3% HCl solution in reagent water must be prepared
as a diluent solution if excessive levels of analytes or interfering metals are
found in the undiluted samples.
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Figure 1.  Continuous-flow sodium borohydride/hydride generator apparatus set-up
and an AAS sample introduction system.
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5.6  Urea (H NCONH ):  A 5.00-g portion of reagent grade urea must be added2 2

to a 25-mL aliquot of each sample for removal of excess peroxide through
degassing (see Section 7.2).

5.7  L-cysteine (C H N O S ):  A 1.00-g portion of reagent grade L-cystine6 12 2 4 2

must be added to a 25-mL aliquot of each sample for masking the effects of
suppressing transition metals (see Section 7.2).

5.8  20% Potassium iodide (KI):  A 20% KI solution (20 g reagent-grade KI
dissolved and brought to volume in 100 mL reagent water) must be prepared for
reduction of antimony and arsenic to their +3 valence states.

5.9  4% Sodium borohydride (NaBH ):  A 4% sodium borohydride solution (204

g reagent-grade NaBH  plus 2 g sodium hydroxide dissolved in 500 mL of reagent4

water) must be prepared for conversion of the antimony and arsenic to their
hydrides.

5.10 Analyte solutions:

5.10.1  Antimony and arsenic stock standard solution (1,000 mg/L):
Either procure certified aqueous standards from a supplier and verify by
comparison with a second standard, or dissolve 1.197 g of antimony
trioxide Sb 0  and 1.320 g of arsenic trioxide As O  in 100 mL of reagent2 3 2 3

water containing 4 g NaOH.  Acidify the solution with 20 mL concentrated
HNO  and dilute to 1 liter.3

5.10.2  Intermediate antimony and arsenic solution:  Pipet 1 mL
stock antimony and arsenic solution into a 100-mL volumetric flask and
bring to volume with reagent water containing 1.5 mL concentrated
HNO /liter (1 mL = 10 µg each of Sb and As).3

5.10.3  Standard antimony and arsenic solution:  Pipet 10 mL
intermediate antimony and arsenic solution into a 100-mL volumetric flask
and bring to volume with reagent water containing 1.5 mL concentrated
HNO /liter (1 mL = 1 µg each of Sb and As).3

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2  All sample containers must be prewashed with detergents, acids, and
reagent water.  Plastic and glass containers are both suitable.

6.3  Special containers (e.g., containers used for volatile organic
analysis) may have to be used if very volatile antimony and arsenic compounds are
suspected to be present in the samples.

6.4  Aqueous samples must be acidified to a pH of <2 with nitric acid.
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6.5  Nonaqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.

7.0  PROCEDURE

7.1  Place a 100-mL portion of an aqueous sample or extract or 1.000 g of
a dried solid sample in a 250-mL digestion beaker.  Digest aqueous samples and
extracts according to Method 3010.  Digest solid samples according to Method 3050
(furnace AA option) with the following modifications:  add 5 mL of concentrated
hydrochloric acid just prior to the final volume reduction stage to aid in
antimony recovery; the final volume reduction should be to less than 5 mL but not
to dryness to adequately remove excess hydrogen peroxide (see note).  After
dilution to volume, further dilution with diluent may be necessary if analytes
are known to exceed 400 µg/L or if interferents are expected to exceed 4000 mg/L
in the digestate.

Note:  For solid digestions, the volume reduction stage is critical
to obtain accurate data, especially for arsenic.  Close monitoring
of each sample is necessary when this critical stage is reached.

7.2  Prepare samples for hydride analysis by adding 5.00 g urea, 1.00 g L-
cysteine, and 20 mL concentrated HCl to a 25-mL aliquot of digested sample in a
50-mL volumetric flask.  Heat in a water bath until the L-cysteine has dissolved
and effervescence has subsided (At least 30 minutes is suggested.  If
effervescense is still seen, repeat step 7.1 with more volume reduction.).  Bring
flask to volume with reagent water before analyzing.  A 1:1 dilution correction
must be made in the final concentration calculations.

7.3  Prepare working standards from the standard antimony and arsenic
solution.  Transfer 0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL of standard to 100-mL
volumetric flasks and bring to volume with diluent.  These concentrations will
be 0, 5, 10, 15, 20, and 25 µg Sb and As/liter.

7.4  If EP extracts (Method 1310) are being analyzed for arsenic, the
method of standard additions must be used.  Spike appropriate amounts of
intermediate or standard antimony and arsenic solution to three 25 mL aliquots
of each unknown.  Spiking volumes should be kept less than 0.250 mL to avoid
excessive spiking dilution errors.

7.5  Set up instrumentation and hydride generation apparatus and fill
reagent containers.  The sample and blank flows should be set around 4.2 mL/min,
the borohydride flow around 2.1 mL/min, and the potassium iodide flow around 0.5
mL/min.  The argon carrier gas flow is adjusted to about 200 mL/min.  For the AA,
use the 217.6-nm wavelength and 0.7-nm slit width (or manufacturer's recommended
slit-width) without background correction if analyzing for antimony.  Use the
193.7-nm wavelength and 0.7-nm slit width (or manufacturer's recommended slit-
width) with background correction for the analysis of arsenic.  Begin all flows
and allow 10 minutes for warm-up.
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7.6  Place sample feed line into a prepared sample solution and start pump
to begin hydride generation.  Wait for a maximum steady-state signal on the
strip-chart recorder or output meter.  Switch to blank sample and watch for
signal to decline to baseline before switching to the next sample and beginning
the next analysis.  Run standards first (low to high), then unknowns.  Include
appropriate QA/QC solutions, as required.  Prepare calibration curves and convert
absorbances to concentration.    If a heating coil is not being used, KI must be
added to the samples and heated for thirty minutes to ensure reduction.

        CAUTION:  The hydrides of antimony and arsenic are very toxic. 
Precautions must be taken to avoid inhaling the gas.

7.7  If the method of standard additions was employed, plot the measured
concentration of the spiked samples and unspiked sample versus the spiked
concentrations.  The spiked concentration axis intercept will be the method of
standard additions concentration.  If the plot does not result in a straight
line, a nonlinear interference is present.  This problem can sometimes be
overcome by dilution or addition of other reagents if there is some knowledge
about the waste.  If the method of standard additions was not required, then the
concentration is determined from a standard calibration curve.

8.0  QUALITY CONTROL

8.1  See section 8.0 of Method 7000.

9.0  METHOD PERFORMANCE

9.1  The relative standard deviations obtained by a single laboratory for
7 replicates of a contaminated soil were 18% for antimony at 9.1 ug/L in solution
and 4.6% for arsenic at 68 ug/L in solution.  The average percent recovery of the
analysis of an 8 µg/L spike on ten different samples is 103.7% for arsenic and
95.6% for antimony.

10.0  REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.3.

2. "Evaluation of Hydride Atomic Absorption Methods for Antimony, Arsenic,
Selenium, and Tin", an EMSL-LV internal report under Contract 68-03-3249,
Job Order 70.16, prepared for T. A. Hinners by D. E. Dobb, and J. D.
Lindner of Lockheed Engineering and Sciences Co., and L. V. Beach of the
Varian Corporation.
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METHOD 7062
ANTIMONY AND ARSENIC (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION)
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METHOD 7061A

ARSENIC (ATOMIC ABSORPTION, GASEOUS HYDRIDE)

1.0  SCOPE AND APPLICATION

1.1 Method 7061 is an atomic absorption procedure for determining the
concentration of arsenic in wastes, mobility procedure extracts, soils, and
ground water.  Method 7061A is approved only for sample matrices that do not
contain high concentrations of chromium, copper, mercury, nickel, silver, cobalt,
and molybdenum.  All samples must be subjected to an appropriate dissolution step
prior to analysis.  Spiked samples and relevant standard reference materials are
employed to determine the applicability of the method to a given waste.

2.0  SUMMARY OF METHOD

2.1 Samples are prepared according to the nitric/sulfuric acid digestion
procedure described in this method (Step 7.1).  Next, the arsenic in the
digestate is reduced to the trivalent form with tin chloride.  The trivalent
arsenic is then converted to a volatile hydride using hydrogen produced from a
zinc/hydrochloric acid reaction.

2.2 The volatile hydride is swept into an argon-hydrogen flame located
in the optical path of an atomic absorption spectrophotometer.  The resulting
absorption of the lamp radiation is proportional to the arsenic concentration.

2.3 The typical detection limit for this method is 0.002 mg/L.

3.0  INTERFERENCES

3.1 High concentrations of chromium, cobalt, copper, mercury, molybdenum,
nickel, and silver can cause analytical interferences.

3.2 Traces of nitric acid left following the sample work-up can result
in analytical interferences.  Nitric acid must be distilled off by heating the
sample until fumes of sulfur trioxide (SO ) are observed.3

3.3 Elemental arsenic and many of its compounds are volatile; therefore,
certain samples may be subject to losses of arsenic during sample preparation.

4.0  APPARATUS AND MATERIALS

4.1 Beaker or equivalent - 100-mL.

4.2 Electric hot plate or equivalent - adjustable and capable of
maintaining a temperature of 90-95 C.o
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4.3.1   Medicine dropper - Capable of fitting into a size "0" rubber
stopper and delivering 1.5 mL.

4.3.2   Pear-shaped reaction flask - 50-mL, with two 14/20 necks
(Scientific Glass JM-5835 or equivalent).

4.3.3   Gas inlet-outlet tube - Constructed from a micro cold-finger
condenser (JM-3325) by cutting the portion below the 14/20 ground-glass
joint.

4.3.4   Magnetic stirrer - To homogenize the zinc slurry.

4.3.5   Polyethylene drying tube - 10-cm, filled with glass to
prevent particulate matter from entering the burner.

4.3.6   Flow meter - Capable of measuring 1 liter/min.

4.3.7   Class A volumetric flasks.

4.3.8   Graduated cylinder or equivalent.

4.4 Atomic absorption spectrophotometer - Single or dual channel, single-
or double-beam instrument having a grating monochromator, photo-multiplier
detector, adjustable slits, a wavelength range of 190 to 800 nm, and provisions
for interfacing with a strip-chart recorder.

4.5 Burner - Recommended by the particular instrument manufacturer for
the argon-hydrogen flame.

4.6 Arsenic hollow cathode lamp or arsenic electrodeless discharge lamp.

4.7 Strip-chart recorder.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

5.2 Reagent Water.  Reagent water will be interferent free.  All
references to water in the method refer to reagent water unless otherwise
specified.

5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to3

determine levels of impurities.  If a method blank is < MDL, the acid can be
used.
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5.4 Sulfuric acid (concentrated), H SO .  Acid should be analyzed to2 4

determine levels of impurities.  If a method blank is < MDL, the acid can be
used.

5.5 Hydrochloric acid (concentrated), HCl.  Acid should be analyzed to
determine levels of impurities.  If a method blank is < MDL, the acid can be
used.

5.6 Diluent - Add 100 mL 18N H SO  and 400 mL concentrated HCl to 400 mL2 4

water and dilute to a final volume of 1 liter with water.

5.7 Potassium iodide solution - Dissolve 20 g KI in 100 mL water.

5.8 Stannous chloride solution - Dissolve 100 g SnCl  in 100 mL2

concentrated HCl.

5.9 Arsenic solutions

5.9.1  Arsenic standard solution (1,000 mg/L) - Either procure a
certified aqueous standard from a supplier and verify by comparison with
a second standard, or dissolve 1.320 g of arsenic trioxide As O  in 100 mL2 3

of water containing 4 g NaOH.  Acidify the solution with 20 mL
concentrated HNO  and dilute to 1 liter.3

5.9.2  Intermediate arsenic solution - Pipet 1 mL stock arsenic
solution into a 100-mL volumetric flask and bring to volume with water
containing 1.5 mL concentrated HNO /liter (1 mL = 10 ug As).3

5.9.3   Standard arsenic solution - Pipet 10 mL intermediate arsenic
solution into a 100-mL volumetric flask and bring to volume with water
containing 1.5 mL concentrated HNO /liter (1 mL = 1 ug As).3

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
water.  Plastic and glass containers are both suitable.

6.3 Special containers (e.g. containers used for volatile organic
analysis) may have to be used if very volatile arsenic compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of < 2 with nitric acid.

6.5 Nonaqueous samples shall be refrigerated, when possible, and analyzed
as soon as possible.
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7.0  PROCEDURE

7.1 Place a 50-mL aliquot of digested sample (or, in the case of analysis
of EP extracts, 50 mL) of the material to be analyzed in a 100-mL beaker.  Add
10 mL concentrated HNO  and 12 mL 18N H SO .  Evaporate the sample in the hood on3 2 4

an electric hot plate until white SO  fumes are observed (a volume of about 203

mL).  Do not let the sample char.  If charring occurs, immediately turn off the
heat, cool, and add an additional 3 mL of HNO .  Continue to add additional HNO3 3

in order to maintain an excess (as evidenced by the formation of brown fumes).
Do not let the solution darken, because arsenic may be reduced and lost.  When
the sample remains colorless or straw yellow during evolution of SO  fumes, the3

digestion is complete.  Cool the sample, add about 25 mL water, and again
evaporate until SO  fumes are produced in order to expel oxides of nitrogen.3

Cool.  Transfer the digested sample to a 100-mL volumetric flask.  Add 40 mL of
concentrated HCl and bring to volume with water.

7.2 Prepare working standards from the standard arsenic solution.
Transfer 0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL of standard to 100-mL volumetric
flasks and bring to volume with diluent.  These concentrations will be 0, 5, 10,
15, 20, and 25 ug As/liter.

7.3 If EP extracts are being analyzed or if a matrix interference is
encountered, take the 15-, 20-, and 25-mg/liter standards and quantitatively
transfer 25 mL of each of these standards into separate 50-mL volumetric flasks.
Add 10 mL of the prepared sample to each flask.  Bring to volume with water
containing 1.5 mL HCl/liter.

7.4 Add 10 mL of prepared sample to a 50-mL volumetric flask.  Bring to
volume with water containing 1.5 mL HCl/liter.  This is the zero addition
aliquot.

NOTE: The absorbance from the zero addition aliquot will be one-fifth that
produced by the prepared sample.  The absorbance from the spiked
samples will be one-half that produced by the standards plus the
contribution from one-fifth of the prepared sample.  Keeping these
absorbances in mind will assist in judging the correct dilutions to
produce optimum absorbance.

7.5 Transfer a 25-mL portion of the digested sample or standard to the
reaction vessel and add 1 mL KI solution.  Add 0.5 mL SnCl  solution.  Allow at2

least 10 minutes for the metal to be reduced to its lowest oxidation state.
Attach the reaction vessel to the special gas inlet-outlet glassware.  Fill the
medicine dropper with 1.50 mL zinc slurry that has been kept in suspension with
the magnetic stirrer.  Firmly insert the stopper containing the medicine dropper
into the side neck of the reaction vessel.  Squeeze the bulb to introduce the
zinc slurry into the sample or standard solution.  The metal hydride will produce
a peak almost immediately.  After the recorder pen begins to return to the base
line, the reaction vessel can be removed.

CAUTION: Arsine is very toxic.  Precautions must be taken to avoid
inhaling arsine gas.
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7.6 Use the 193.7-nm wavelength and background correction for the
analysis of arsenic.

7.7 Follow the manufacturer's instructions for operating an argon-
hydrogen flame.  The argon-hydrogen flame is colorless; therefore, it may be
useful to aspirate a low concentration of sodium to ensure that ignition has
occurred.  

7.8 If the method of standard additions was employed, plot the
absorbances of spiked samples and blank vs. the concentrations.  The extrapolated
value will be one-fifth the concentration of the original sample.  If the plot
does not result in a straight line, a nonlinear interference is present.  This
problem can sometimes be overcome by dilution or addition of other reagents if
there is some knowledge about the waste.  If the method of standard additions was
not required, then the concentration can be part of the calibration curve.

8.0  QUALITY CONTROL

8.1  Refer to section 8.0 of Method 7000. 

9.0  METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 206.3 of Methods
for Chemical Analysis of Water and Wastes.

10.0  REFERENCES

1. Methods For Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.3.

2. Rohrbough, W.G.; et al. Reagent Chemicals, American Chemical Society
Specifications, 7th ed.; American Chemical Society: Washington, DC, 1986.

3. 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for
Reagent Water"; ASTM: Philadelphia, PA, 1985; D1193-77.
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METHOD 7000A

ATOMIC ABSORPTION METHODS

1.0 SCOPE AND APPLICATION

1.1 Metals in solution may be readily determined by atomic absorption
spectroscopy. The method is simple, rapid, and applicable to a large number of
metals in drinking, surface, and saline waters and domestic and industrial
wastes. While drinking water free of particulate matter may be analyzed directly,
ground water, other aqueous samples, EP extracts, industrial wastes, soils,
sludges, sediments, and other solid wastes require digestion prior to analysis
for both total and acid leachable metals.  Analysis for dissolved elements does
not require digestion if the sample has been filtered and acidified.  

1.2 Detection limits, sensitivity, and optimum ranges of the metals will
vary with the matrices and models of atomic absorption spectrophotometers. The
data shown in Table 1 provide some indication of the detection limits obtainable
by direct aspiration and by furnace techniques. For clean aqueous samples, the
detection limits shown in the table by direct aspiration may be extended downward
with scale expansion and upward by using a less sensitive wavelength or by
rotating the burner head. Detection limits by direct aspiration may also be
extended through concentration of the sample and/or through solvent extraction
techniques. For certain samples, lower concentrations may also be determined
using the furnace techniques. The detection limits given in Table 1 are somewhat
dependent on equipment (such as the type of spectrophotometer and furnace
accessory, the energy source, the degree of electrical expansion of the output
signal), and are greatly dependent on sample matrix.  Detection limits should be
established, empirically, for each matrix type analyzed.  When using furnace
techniques, however, the analyst should be cautioned as to possible chemical
reactions occurring at elevated temperatures which may result in either
suppression or enhancement of the analysis element. To ensure valid data with
furnace techniques, the analyst must examine each matrix for interference effects
(see Step 3.2.1) and, if detected, treat them accordingly, using either
successive dilution, matrix modification, or method of standard additions (see
Step 8.7).    

1.3 Where direct-aspiration atomic absorption techniques do not provide
adequate sensitivity, reference is made to specialized procedures (in addition
to the furnace procedure) such as the gaseous-hydride method for arsenic and
selenium and the cold-vapor technique for mercury.

2.0 SUMMARY OF METHOD

   2.1 Although methods have been reported for the analysis of solids by
atomic absorption spectroscopy, the technique generally is limited to metals in
solution or solubilized through some form of sample processing.

2.2 Preliminary treatment of waste water, ground water, EP extracts, and
industrial waste is always necessary because of the complexity and variability
of sample matrix. Solids, slurries, and suspended material must be subjected to



CD-ROM 7000A - 2 Revision 1
July 1992

a solubilization process before analysis. This process may vary because of the
metals to be determined and the nature of the sample being analyzed.  Solubili-
zation and digestion procedures are presented in Step 3.2 (Sample Preparation
Methods).

2.3 In direct-aspiration atomic absorption spectroscopy, a sample is
aspirated and atomized in a flame. A light beam from a hollow cathode lamp or an
electrodeless discharge lamp is directed through the flame into a monochromator,
and onto a detector that measures the amount of absorbed light. Absorption
depends upon the presence of free unexcited ground-state atoms in the flame.
Because the wavelength of the light beam is characteristic of only the metal
being determined, the light energy absorbed by the flame is a measure of the
concentration of that metal in the sample. This principle is the basis of atomic
absorption spectroscopy.

2.4 When using the furnace technique in conjunction with an atomic
absorption spectrophotometer, a representative aliquot of a sample is placed in
the graphite tube in the furnace, evaporated to dryness, charred, and atomized.
As a greater percentage of available analyte atoms is vaporized and dissociated
for absorption in the tube rather than the flame, the use of smaller sample
volumes or detection of lower concentrations of elements is possible. The
principle is essentially the same as with direct aspiration atomic absorption,
except that a furnace, rather than a flame, is used to atomize the sample.
Radiation from a given excited element is passed through the vapor containing
ground-state atoms of that element. The intensity of the transmitted radiation
decreases in proportion to the amount of the ground-state element in the vapor.
The metal atoms to be measured are placed in the beam of radiation by increasing
the temperature of the furnace, thereby causing the injected specimen to be
volatilized. A monochromator isolates the characteristic radiation from the
hollow cathode lamp or electrodeless discharge lamp, and a photosensitive device
measures the attenuated transmitted radiation.

3.0 INTERFERENCES

3.1 Direct aspiration

3.1.1   The most troublesome type of interference in atomic
absorption spectrophotometry is usually termed "chemical" and is caused by
lack of absorption of atoms bound in molecular combination in the flame.
This phenomenon can occur when the flame is not sufficiently hot to
dissociate the molecule, as in the case of phosphate interference with
magnesium, or when the dissociated atom is immediately oxidized to a
compound that will not dissociate further at the temperature of the flame.
The addition of lanthanum will overcome phosphate interference in
magnesium, calcium, and barium determinations. Similarly, silica
interference in the determination of manganese can be eliminated by the
addition of calcium.

3.1.2   Chemical interferences may also be eliminated by separating
the metal from the interfering material. Although complexing agents are
employed primarily to increase the sensitivity of the analysis, they may
also be used to eliminate or reduce interferences.
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3.1.3   The presence of high dissolved solids in the sample may
result in an interference from nonatomic absorbance such as light
scattering. If background correction is not available, a nonabsorbing
wavelength should be checked. Preferably, samples containing high solids
should be extracted.

3.1.4   Ionization interferences occur when the flame temperature is
sufficiently high to generate the removal of an electron from a neutral
atom, giving a positively charged ion. This type of interference can
generally be controlled by the addition, to both standard and sample
solutions, of a large excess (1,000 mg/L) of an easily ionized element
such as K, Na, Li or Cs.

3.1.5   Spectral interference can occur when an absorbing wavelength
of an element present in the sample but not being determined falls within
the width of the absorption line of the element of interest. The results
of the determination will then be erroneously high, due to the
contribution of the interfering element to the atomic absorption signal.
Interference can also occur when resonant energy from another element in
a multielement lamp, or from a metal impurity in the lamp cathode, falls
within the bandpass of the slit setting when that other metal is present
in the sample. This type of interference may sometimes be reduced by
narrowing the slit width.

3.1.6  Samples and standards should be monitored for viscosity
differences that may alter the aspiration rate.

3.1.7  All metals are not equally stable in the digestate,
especially if it contains only nitric acid, not nitric acid and
hydrochloric acid.  The digestate should be analyzed as soon as possible,
with preference given to Sn, Sb, Mo, Ba, and Ag.

3.2 Furnace procedure

3.2.1   Although the problem of oxide formation is greatly reduced
with furnace procedures because atomization occurs in an inert atmosphere,
the technique is still subject to chemical interferences. The composition
of the sample matrix can have a major effect on the analysis. It is those
effects which must be determined and taken into consideration in the
analysis of each different matrix encountered. To help verify the absence
of matrix or chemical interference, the serial dilution technique (see
Step 8.6) may be used. Those samples which indicate the presence of
interference should be treated in one or more of the following ways:

1. Successively dilute and reanalyze the samples to eliminate
interferences.

2. Modify the sample matrix either to remove interferences or to
stabilize the analyte. Examples are the addition of ammonium
nitrate to remove alkali chlorides and the addition of
ammonium phosphate to retain cadmium. The mixing of hydrogen
with the inert purge gas has also been used to suppress
chemical interference. The hydrogen acts as a reducing agent
and aids in molecular dissociation.
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3. Analyze the sample by method of standard additions while
noticing the precautions and limitations of its use (see Step
8.7.2).

3.2.2   Gases generated in the furnace during atomization may have
molecular absorption bands encompassing the analytical wavelength. When
this occurs, use either background correction or choose an alternate
wavelength. Background correction may also compensate for nonspecific
broad-band absorption interference.

3.2.3   Continuum background correction cannot correct for all types
of background interference. When the background interference cannot be
compensated for, chemically remove the analyte or use an alternate form of
background correction, e.g., Zeeman background correction.

3.2.4   Interference from a smoke-producing sample matrix can
sometimes be reduced by extending the charring time at a higher
temperature or utilizing an ashing cycle in the presence of air.  Care
must be taken, however, to prevent loss of the analyte.

3.2.5   Samples containing large amounts of organic materials should
be oxidized by conventional acid digestion before being placed in the
furnace. In this way, broad-band absorption will be minimized.

3.2.6   Anion interference studies in the graphite furnace indicate
that, under conditions other than isothermal, the nitrate anion is
preferred. Therefore, nitric acid is preferable for any digestion or
solubilization step. If another acid in addition to nitric acid is
required, a minimum amount should be used. This applies particularly to
hydrochloric and, to a lesser extent, to sulfuric and phosphoric acids.

3.2.7   Carbide formation resulting from the chemical environment of
the furnace has been observed. Molybdenum may be cited as an example. When
carbides form, the metal is released very slowly from the resulting metal
carbide as atomization continues. Molybdenum may require 30 seconds or
more atomization time before the signal returns to baseline levels.
Carbide formation is greatly reduced and the sensitivity increased with
the use of pyrolytically coated graphite. Elements that readily form
carbides are noted with the symbol (p) in Table 1.

3.2.8   For comments on spectral interference, see Step 3.1.5.

3.2.9   Cross-contamination and contamination of the sample can be
major sources of error because of the extreme sensitivities achieved with
the furnace. The sample preparation work area should be kept scrupulously
clean. All glassware should be cleaned as directed in Step 4.8.  Pipet
tips are a frequent source of contamination. If suspected, they should be
acid soaked with 1:5 nitric acid and rinsed thoroughly with tap and
reagent water. The use of a better grade of pipet tip can greatly reduce
this problem. Special attention should be given to reagent blanks in both
analysis and in the correction of analytical results. Lastly, pyrolytic
graphite, because of the production process and handling, can become
contaminated. As many as five to ten high-temperature burns may be
required to clean the tube before use.
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4.0 APPARATUS AND MATERIALS

4.1 Atomic absorption spectrophotometer - Single- or dual-channel,
single- or double-beam instrument having a grating monochromator, photomultiplier
detector, adjustable slits, a wavelength range of 190 to 800 nm, and provisions
for interfacing with a graphical display.

4.2 Burner - The burner recommended by the particular instrument
manufacturer should be used. For certain elements the nitrous oxide burner is
required.

4.3 Hollow cathode lamps - Single-element lamps are preferred but
multielement lamps may be used. Electrodeless discharge lamps may also be used
when available.  Other types of lamps meeting the performance criteria of this
method may be used.

4.4 Graphite furnace - Any furnace device capable of reaching the
specified temperatures is satisfactory.

4.5 Graphical display and recorder - A recorder is recommended for
furnace work so that there will be a permanent record and that any problems with
the analysis such as drift, incomplete atomization, losses during charring,
changes in sensitivity, peak shape, etc., can be easily recognized.

4.6 Pipets - Microliter, with disposable tips. Sizes can range from 5 to
100 uL as required. Pipet tips should be checked as a possible source of
contamination prior to their use. The accuracy of automatic pipets must be
verified daily.  Class A pipets can be used for the measurement of volumes larger
than 1 mL.

4.7 Pressure-reducing valves - The supplies of fuel and oxidant should
be maintained at pressures somewhat higher than the controlled operating pressure
of the instrument by suitable valves.

4.8 Glassware - All glassware, polypropylene, or Teflon containers,
including sample bottles, flasks and pipets, should be washed in the following
sequence:  detergent, tap water, 1:1 nitric acid, tap water, 1:1 hydrochloric
acid, tap water, and reagent water. (Chromic acid should not be used as a
cleaning agent for glassware if chromium is to be included in the analytical
scheme.)  If it can be documented through an active analytical quality control
program using spiked samples and reagent blanks that certain steps in the
cleaning procedure are not required for routine samples, those steps may be
eliminated from the procedure.

     
5.0 REAGENTS

5.1  Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
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ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.  All reagents should be
analyzed to provide proof that all constituents are below the MDLs.

      5.2  Reagent water.  All references to water in this method refer to
reagent water unless otherwise specified.  Reagent grade water will be of at
least 16 Mega Ohm quality.

5.3  Nitric acid (concentrated), HNO .  Use a spectrograde acid certified3

for AA use. Prepare a 1:1 dilution with water by adding the concentrated acid to
an equal volume of water.  If the reagent blank is less than the IDL, the acid
may be used.

5.4  Hydrochloric acid (1:1), HCl.  Use a spectrograde acid certified for
AA use. Prepare a 1:1 dilution with water by adding the concentrated acid to an
equal volume of water.  If the reagent blank is less than the IDL, the acid may
be used.

5.5  Fuel and oxidant - High purity acetylene is generally acceptable. Air
may be supplied from a compressed air line, a laboratory compressor, or a
cylinder of compressed air and should be clean and dry.  Nitrous oxide is also
required for certain determinations. Standard, commercially available argon and
nitrogen are required for furnace work.

5.6  Stock standard metal solutions - Stock standard solutions are prepared
from high purity metals, oxides, or nonhygroscopic salts using water and
redistilled nitric or hydrochloric acids. (See individual methods for specific
instructions.)  Sulfuric or phosphoric acids should be avoided as they produce
an adverse effect on many elements. The stock solutions are prepared at
concentrations of 1,000 mg of the metal per liter. Commercially available
standard solutions may also be used. Where the sample viscosity, surface tension,
and components cannot be accurately matched with standards, the method of
standard addition (MSA) may be used (see Step 8.7).

5.7  Calibration standards - For those instruments which do not read out
directly in concentration, a calibration curve is prepared to cover the
appropriate concentration range.  Usually, this means the preparation of
standards which produce an absorbance of 0.0 to 0.7. Calibration standards are
prepared by diluting the stock metal solutions at the time of analysis. For best
results, calibration standards should be prepared fresh each time a batch of
samples is analyzed. Prepare a blank and at least three calibration standards in
graduated amounts in the appropriate range of the linear part of the curve. The
calibration standards should be prepared using the same type of acid or
combination of acids and at the same concentration as will result in the samples
following processing. Beginning with the blank and working toward the highest
standard, aspirate the solutions and record the readings. Repeat the operation
with both the calibration standards and the samples a sufficient number of times
to secure a reliable average reading for each solution. Calibration standards for
furnace procedures should be prepared as described on the individual sheets for
that metal.  Calibration curves are always required.



CD-ROM 7000A - 7 Revision 1
July 1992

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1  See the introductory material in Chapter Three, Metallic Analytes.

7.0 PROCEDURE

7.1  Preliminary treatment of waste water, ground water, EP extracts, and
industrial waste is always necessary because of the complexity and variability
of sample matrices. Solids, slurries, and suspended material must be subjected
to a solubilization process before analysis. This process may vary because of the
metals to be determined and the nature of the sample being analyzed.
Solubilization and digestion procedures are presented in Chapter Three, Step 3.2,
Sample Preparation Methods.  Samples which are to be analyzed for dissolved
constituents need not be digested if they have been filtered and acidified.

7.2  Direct aspiration (flame) procedure

7.2.1  Differences between the various makes and models of
satisfactory atomic absorption spectrophotometers prevent the formulation
of detailed instructions applicable to every instrument. The analyst
should follow the manufacturer's operating instructions for a particular
instrument. In general, after choosing the proper lamp for the analysis,
allow the lamp to warm up for a minimum of 15 minutes, unless operated in
a double-beam mode. During this period, align the instrument, position the
monochromator at the correct wavelength, select the proper monochromator
slit width, and adjust the current according to the manufacturer's
recommendation. Subsequently, light the flame and regulate the flow of
fuel and oxidant. Adjust the burner and nebulizer flow rate for maximum
percent absorption and stability. Balance the photometer. Run a series of
standards of the element under analysis. Construct a calibration curve by
plotting the concentrations of the standards against absorbances. Set the
curve corrector of a direct reading instrument to read out the proper
concentration.  Aspirate the samples and determine the concentrations
either directly or from the calibration curve. Standards must be run each
time a sample or series of samples is run.

7.3 Furnace procedure 

7.3.1  Furnace devices (flameless atomization) are a most useful
means of extending detection limits. Because of differences between
various makes and models of satisfactory instruments, no detailed
operating instructions can be given for each instrument. Instead, the
analyst should follow the instructions provided by the manufacturer of a
particular instrument.

7.3.2  Background correction is important when using flameless
atomization, especially below 350 nm. Certain samples, when atomized, may
absorb or scatter light from the lamp. This can be caused by the presence
of gaseous molecular species, salt particles, or smoke in the sample beam.
If no correction is made, sample absorbance will be greater than it should
be, and the analytical result will be erroneously high. Zeeman background
correction is effective in overcoming composition or structured background
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interferences. It is particularly useful when analyzing for As in the
presence of Al and when analyzing for Se in the presence of Fe.

7.3.3  Memory effects occur when the analyte is not totally
volatilized during atomization. This condition depends on several factors:
volatility of the element and its chemical form, whether pyrolytic
graphite is used, the rate of atomization, and furnace design. This
situation is detected through blank burns. The tube should be cleaned by
operating the furnace at full power for the required time period, as
needed, at regular intervals during the series of determinations.

7.3.4  Inject a measured microliter aliquot of sample into the
furnace and atomize. If the concentration found is greater than the
highest standard, the sample should be diluted in the same acid matrix and
reanalyzed. The use of multiple injections can improve accuracy and help
detect furnace pipetting errors.

7.3.5  To verify the absence of interference, follow the serial
dilution procedure given in Step 8.6.

7.3.6  A check standard should be run after approximately every 10
sample injections. Standards are run in part to monitor the life and
performance of the graphite tube. Lack of reproducibility or significant
change in the signal for the standard indicates that the tube should be
replaced. Tube life depends on sample matrix and atomization temperature.
A conservative estimate would be that a tube will last at least 50
firings. A pyrolytic coating will extend that estimated life by a factor
of three.

7.4 Calculation

7.4.1  For determination of metal concentration by direct aspiration
and furnace:  Read the metal value from the calibration curve or directly
from the read-out system of the instrument. 

7.4.2  If dilution of sample was required:

          ug/L metal in sample = A (C + B) 
                                       C 

where:

A = ug/L of metal in diluted aliquot from calibration curve.
B = Acid blank matrix used for dilution, mL.
C = Sample aliquot, mL.

7.4.3  For solid samples, report all concentrations in consistent
units based on wet weight. Hence:

 
         ug metal/kg sample = A x V  
                                W where:

A = ug/L of metal in processed sample from calibration curve.
V = Final volume of the processed sample, mL.
W = Weight of sample, grams.
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7.4.4  Different injection volumes must not be used for samples and
standards. Instead, the sample should be diluted and the same size
injection volume be used for both samples and standards. If dilution of
the sample was required:

          ug/L of metal in sample = Z ( C + B) 
                                          C 

where:

Z = ug/L of metal read from calibration curve or read-out system.
B = Acid blank matrix used for dilution mL.
C = Sample aliquot, mL.

8.0 QUALITY CONTROL

8.1  All quality control data should be maintained and available for easy
reference or inspection.

8.2  A calibration curve must be prepared each day with a minimum of a
calibration blank and three standards. After calibration, the calibration curve
must be verified by use of at least a calibration blank and a calibration check
standard (made from a reference material or other independent standard material)
at or near the mid-range. The calibration reference standard must be measured
within 10 % of it's true value for the curve to be considered valid.

8.3  If more than 10 samples per day are analyzed, the working standard
curve must be verified by measuring satisfactorily a mid-range standard  or
reference standard after every 10 samples. This sample value must be within 20%
of the true value, or the previous ten samples need to be reanalyzed.

8.4  At least one matrix spike and one matrix spike duplicate sample shall
be included in each analytical batch.  A laboratory control sample shall also be
processed with each sample batch.  Refer to Chapter One for more information.

8.5  Where the sample matrix is so complex that viscosity, surface tension,
and components cannot be accurately matched with standards, the method of
standard addition (MSA) is recommended (see Section 8.7 below).  Section 8.6
provides tests to evaluate the need for using the MSA.

8.6 Interference tests

8.6.1  Dilution test - For each analytical batch select one typical sample
for serial dilution to determine whether interferences are present.  The
concentration of the analyte should be at least 25 times the estimated detection
limit.  Determine the apparent concentration in the undiluted sample.  Dilute the
sample by a minimum of five fold (1+4) and reanalyze.  If all of the samples in
the batch are below 10 times the detection limits, perform the spike recovery
analysis described below.  Agreement within 10% between the concentration for the
undiluted sample and five times the concentration for the diluted sample
indicates the absence of interferences, and such samples may be analyzed without
using the method of standard additions.
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8.6.2  Recovery test - If results from the dilution test do not agree, a
matrix interference may be suspected and a spiked sample should be analyzed to
help confirm the finding from the dilution test.  Withdraw another aliquot of the
test sample and add a known amount of analyte to bring the concentration of the
analyte to 2 to 5 times the original concentration.  If all of the samples in the
batch have analyte concentrations below the detection limit, spike the selected
sample at 20 times the detection limit.  Analyze the spiked sample and calculate
the spike recovery.  If the recovery is less than 85% or greater than 115%, the
method of standard additions shall be used for all samples in the batch.

8.7  Method of standard additions - The standard addition technique
involves adding known amounts of standard to one or more aliquots of the
processed sample solution. This technique compensates for a sample constituent
that enhances or depresses the analyte signal, thus producing a different slope
from that of the calibration standards. It will not correct for additive
interferences which cause a baseline shift.  The method of standard additions
shall be used for analysis of all EP extracts, on all analyses submitted as part
of a delisting petition, and whenever a new sample matrix is being analyzed.

8.7.1  The simplest version of this technique is the single-addition
method, in which two identical aliquots of the sample solution, each of
volume V , are taken. To the first (labeled A) is added a known volume Vx S

of a standard analyte solution of concentration C . To the second aliquotS

(labeled B) is added the same volume V  of the solvent. The analyticalS

signals of A and B are measured and corrected for nonanalyte signals. The
unknown sample concentration C  is calculated:x

     S V CB S S

            =  C  x

   (S -S )VA B x

where S  and S  are the analytical signals (corrected for the blank) ofA B

solutions A and B, respectively. V  and C  should be chosen so that S  iss s A

roughly twice S  on the average, avoiding excess dilution of the sample.B

If a separation or concentration step is used, the additions are best made
first and carried through the entire procedure.

8.7.2  Improved results can be obtained by employing a series of
standard additions. To equal volumes of the sample are added a series of
standard solutions containing different known quantities of the analyte,
and all solutions are diluted to the same final volume. For example,
addition 1 should be prepared so that the resulting concentration is
approximately 50 percent of the expected absorbance from the endogenous
analyte in the sample. Additions 2 and 3 should be prepared so that the
concentrations are approximately 100 and 150 percent of the expected
endogenous sample absorbance. The absorbance of each solution is
determined and then plotted on the vertical axis of a graph, with the
concentrations of the known standards plotted on the horizontal axis. When
the resulting line is extrapolated to zero absorbance, the point of
interception of the abscissa is the endogenous concentration of the
analyte in the sample. The abscissa on the left of the ordinate is scaled
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the same as on the right side, but in the opposite direction from the
ordinate. An example of a plot so obtained is shown in Figure 1.  A linear
regression program may be used to obtain the intercept concentration.

8.7.3  For the results of this MSA technique to be valid, the
following limitations must be taken into consideration:

1. The apparent concentrations from the calibration curve must be
linear over the concentration range of concern. For the best
results, the slope of the MSA plot should be nearly the same
as the slope of the standard curve. If the slope is
significantly different (greater than 20%), caution should be
exercised.

2. The effect of the interference should not vary as the ratio of
analyte concentration to sample matrix changes, and the
standard addition should respond in a similar manner as the
analyte.

3. The determination must be free of spectral interference and
corrected for nonspecific background interference.

8.8  All quality control measures described in Chapter One should be
followed.

9.0  METHOD PERFORMANCE

9.1  See individual methods.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes; U.S. Environmental
Protection Agency. Office of Research and Development. Environmental Monitoring
and Support Laboratory. ORD Publication Offices of Center for Environmental
Research Information:  Cincinnati, OH, 1983; EPA-600/4-79-020.

2. Rohrbough, W.G.; et al. Reagent Chemicals, American Chemical Society
Specifications, 7th ed.; American Chemical Society: Washington, DC, 1986.

3. 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for
Reagent Water"; ASTM: Philadelphia, PA, 1985; D1193-77.
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TABLE 1. 
ATOMIC ABSORPTION CONCENTRATION RANGES

 Direct Aspiration
   Furnace Procedurea,c

Detection Limit Sensitivity      Detection Limit
Metal (mg/L) (mg/L)       (ug/L)    

                                                                              

 Aluminum 0.1 1 --
 Antimony 0.2 0.5 3
 Arsenic 0.002 -- 1b

 Barium 0.1 0.4 2
 Beryllium 0.005 0.025 0.2
 Cadmium 0.005 0.025 0.1
 Calcium 0.01 0.08 --
 Chromium 0.05 0.25 1
 Cobalt 0.05 0.2 1
 Copper 0.02 0.1 1
 Iron 0.03 0.12 1
 Lead 0.1 0.5 1
 Lithium 0.002 0.04 --
 Magnesium 0.001 0.007 --
 Manganese 0.01 0.05 0.2
 Mercury 0.0002 -- --d

 Molybdenum(p) 0.1 0.4 1
 Nickel 0.04 0.15 --
 Osmium 0.03 1 --
 Potassium 0.01 0.04 --
 Selenium 0.002 -- 2b

 Silver 0.01 0.06 0.2
 Sodium 0.002 0.015 --
 Strontium 0.03 0.15 --
 Thallium 0.1 0.5 1
 Tin 0.8 4 --
 Vanadium(p) 0.2 0.8 4
 Zinc 0.005 0.02 0.05
                                                                              

NOTE: The symbol (p) indicates the use of pyrolytic graphite with
the furnace procedure. 

For furnace sensitivity values, consult instrument operating manual.a

Gaseous hydride method.b

The listed furnace values are those expected when using a 20-uL injection andc

normal gas flow, except in the cases of arsenic and selenium, where gas interrupt
is used.

Cold vapor technique.d
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FIGURE 1.
STANDARD ADDITION PLOT
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CHAPTER TWO

CHOOSING THE CORRECT PROCEDURE

SW-846 analytical methods are written as quantitative trace analytical methods to
demonstrate that a waste does not contain analytes of concern that cause it to be managed as a
hazardous waste.  As such, these methods typically contain relatively stringent quality control (QC)
criteria appropriate to trace analyses.  However, if a particular application does not require data of
this quality, less stringent QC criteria may be used.  The purpose of this chapter is to aid the analyst
in choosing the appropriate methods for sample analyses, based upon the sample matrix and the
analytes to be determined.  The ultimate responsibility for producing reliable analytical results lies
with the entity subject to the regulation.  Therefore, members of the regulated community are
advised to refer to this chapter and to consult with knowledgeable laboratory personnel when
choosing the most appropriate suite of analytical methods.  In addition, analysts and data users are
advised that, except where explicitly specified in a regulation, the use of SW-846 methods is not
mandatory in response to Federal testing requirements.

 Section 2.1 provides guidance regarding the analytical flexibility inherent to SW-846 methods
and the precedence of various QC criteria.  Section 2.2 reviews the information required to choose
the correct combination of methods for an analytical procedure.  Section 2.3 provides useful
information on implementing the method selection guidance for organic analyses.   Section 2.4
provides guidance on characteristic analyses and Section 2.5 provides guidance on the
determination of analytes in ground water.

2.1 GUIDANCE REGARDING FLEXIBILITY INHERENT TO SW-846 METHODS AND THE
PRECEDENCE OF SW-846 QUALITY CONTROL CRITERIA

The specific products and instrument settings cited in SW-846 methods represent those
products and settings used during method development or subsequently evaluated by the Agency
for use in the method.  Glassware, reagents, supplies, equipment and settings other than those
listed in this manual may be employed, provided that method performance appropriate for the
intended RCRA application has been documented.  Such performance includes consideration of
precision, accuracy (or bias), recovery, representativeness, comparability, and sensitivity (detection,
quantitation, or reporting limits) relative to the data quality objectives for the intended use of the
analytical results.  In response to this inherent flexibility, if an alternative analytical procedure is
employed, then EPA expects the laboratory to demonstrate and document that the procedure is
capable of providing appropriate performance for its intended application.  This demonstration must
not be performed after the fact, but as part of the laboratory’s initial demonstration of proficiency with
the method. The documentation should be in writing, maintained in the laboratory, and available for
inspection upon request by authorized representatives of the appropriate regulatory authorities.  The
documentation should include the performance data as well as a detailed description of the
procedural steps as performed (i.e., a written standard operating procedure).

Given this allowance for flexibility, EPA wishes to emphasize that this manual also contains
procedures for “method-defined parameters,” where the analytical result is wholly dependant on the
process used to make the measurement.  Examples include the use of the toxicity characteristic
leaching procedure (TCLP) to prepare a leachate, and the flash point, pH, paint filter liquids, and
corrosivity tests.  In these instances, changes to the specific methods may change the end result
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and incorrectly identify a waste as nonhazardous.  Therefore, when the measurement of such
method-defined parameters is required by regulation, those methods are not subject to the flexibility
afforded in other methods. 

Analysts and data users are advised that even for those analytes that are not method-
defined, different procedures may produce some difference in results.  Common examples include
the differences in recoveries of phenolic compounds extracted from water by separatory funnel
(Method 3510) and continuous liquid-liquid (Method 3520) extraction techniques, differences in
recoveries of many compounds between Soxhlet (Method 3540) and ultrasonic (Method 3550)
extraction techniques, and differences resulting from the choice of acid digestion of metals (Method
3050) or microwave digestion (Method 3051).  Where practical, the Agency has included guidance
in the individual methods regarding known potential problems, and analysts are advised to review
this information carefully in choosing or modifying analytical procedures.  Chapter One describes a
variety of QC procedures that may be used to evaluate the quality of the analytical results.  Additional
QC procedures may be described in the individual methods.  The results of these QC procedures
should be used by the analyst to evaluate if the choice of the analytical procedures and/or any
modifications are appropriate to generate data of the quality necessary to satisfy the data quality
needs of the intended application. 

The performance data included in the SW-846 methods are not intended to be used as
absolute QC acceptance criteria for method performance.  The data are intended to be guidance,
by providing typical method performance in typical matrices, to assist the analyst in selection of the
appropriate method for the intended application.  In addition, it is the responsibility of the laboratory
to establish actual operating parameters and in-house QC acceptance criteria, based on its own
laboratory SOPs and in-house QC program, to demonstrate appropriate performance of the methods
used in that laboratory for the RCRA analytical applications for which they are intended.

The regulated community is further advised that the methods here or from other sources
need only be used for those specific analytes of concern that are subject to regulation or other
monitoring requirements.  The fact that a method provides a long list of analytes does not mean that
each of those analytes is subject to any or all regulations, or that all of those analytes must be
analyzed each time the method is employed, or that all of the analytes can be analyzed using a
single sample preparation procedure.  It is EPA’s intention that the target analyte list for any
procedure includes those analytes necessary to meet the data quality objectives of the project, i.e.,
those analytes subject to monitoring requirements and set out in a RCRA permit (or other applicable
regulation), plus those analytes used in the methods for QC purposes, such as surrogates, internal
standards, system performance check compounds, etc.  Additional analytes, not included on the
analyte list of a particular method(s) but needed for a specific project, may be analyzed by that
particular method(s), if appropriate performance can be demonstrated for the analytes of concern
in the matrices of concern at the levels of concern.

2.1.1 Trace Analysis vs. Macroanalysis

Through the choice of sample size and concentration procedures, the methods presented
in SW-846 were designed to address the problem of "trace" analyses (<1000 ppm), and have been
developed for an optimized working range.  These methods are also applicable to "minor" (1000 ppm
- 10,000 ppm) and "major" (>10,000 ppm) analyses, as well, through use of appropriate sample
preparation techniques that result in analyte concentrations within that optimized range.  Such
sample preparation techniques include:
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1) adjustment of size of sample prepared for analysis (for homogeneous samples), 
2) adjustment of injection volumes, 
3) dilution or concentration of sample,
4) elimination of concentration steps prescribed for "trace" analyses, and
5) direct injection (of samples to be analyzed for volatile constituents).

The performance data presented in each of these methods were generated from "trace"
analyses, and may not be applicable to "minor" and "major" analyses.   Generally, extraction
efficiency improves as concentration increases.

CAUTION: Great care should be taken when performing trace analyses after the analysis of
concentrated samples, given the possibility of contamination. 

2.1.2 Choice of Apparatus and Preparation of Reagents

Since many types and sizes of glassware and supplies are commercially available, and since
it is possible to prepare reagents and standards in many different ways, the apparatus, reagents, and
volumes specified in these methods may be replaced by any similar types as long as this substitution
does not affect the overall quality of the analyses.

2.1.3 Quality Control Criteria Precedence

Chapter One contains general quality control (QC) guidance for analyses using SW-846
methods.  QC guidance specific to a given analytical technique (e.g., extraction, cleanup, sample
introduction, or analysis) may be found in Methods 3500, 3600, 5000, 7000, and 8000.  Method-
specific QC criteria may be found in Sec. 8.0 of each individual method (or in Sec. 11.0 of air
sampling methods).  When inconsistencies exist between the information in these locations, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria given in
Chapter One, and technique-specific QC criteria take precedence over the criteria in Chapter One.

2.2 REQUIRED INFORMATION

In order to choose the correct combination of methods to comprise the appropriate analytical
procedure, some basic information is required.

2.2.1 Physical State(s) of Sample

The phase characteristics of the sample must be known.  There are several general
categories of phases into which the sample may be categorized, including:

Aqueous Oil or other Organic Liquid
Sludge Stack Sampling (VOST) Condensate
TCLP or EP Extract Multiphase Sample
Solid
Ground Water

There may be a substantial degree of overlap between the phases listed above and it may
be useful to further divide these phases in certain instances. A multiphase sample may be a
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combination of aqueous, organic liquid, sludge, and/or solid phases, and generally must undergo a
phase separation as the first step in the analytical procedure.

2.2.2 Analytes

Analytes may be divided into various classes based on the determinative methods which are
used to identify and quantify them.  The most basic differentiation is between organic (e.g., carbon-
containing) analytes and inorganic (e.g., metals and anions) analytes.  

Table 2-1 is an alphabetical list of analytes cited within  the SW-846 organic determinative
methods.  These analytes have been evaluated by those methods.  The methods may also be
applicable to other analytes that are similar to those listed.  Tables 2-2A and 2-2B list the organic
analytes that may be prepared using Method 3650.  Table 2-3 lists the organic analytes that are
collected from stack gas effluents using the volatile organic sampling train (VOST) methodology.
Tables 2-4 through 2-34 list the analytes by organic determinative method.  

Table 2-35 indicates which methods are applicable to inorganic analytes.

2.2.3 Detection Limits

Some regulations may require a specific sensitivity or detection limit for an analysis, as in the
determination of analytes for the Toxicity Characteristic (TC).  Drinking water detection limits, for
those specific organic and metallic analytes covered by the National Primary Drinking Water
Regulations, are desired in the analysis of ground water.

2.2.4 Analytical Objective

Knowledge of the analytical objective will be useful in the choice of sample preparation
procedures and in the selection of a determinative method.  This is especially true when the sample
has more than one phase.  Knowledge of the analytical objective may not be possible or desirable
at all management levels, but that information should be transmitted to the analytical laboratory
management to ensure that the correct techniques are used during the analytical effort.

2.2.5 Detection and Monitoring

The strategy for detection of compounds in environmental or process samples may be
contrasted with the strategy for collecting monitoring data.  Detection samples define initial
conditions.  When there is little information available about the composition of the sample source,
e.g., a well or process stream, mass spectral identification of organic analytes leads to fewer false
positive results.  Thus, the most practical form of detection for organic analytes is often mass
spectral identification.  However, where the sensitivity requirements exceed those that can be
achieved using mass spectral method (e.g., GC/MS or HPLC/MS), it may be necessary to employ
a more sensitive detection method (e.g., electron capture).  In these instances, the risk of false
positive results may be minimized by confirming the results through a second analysis with a
dissimilar detector or chromatographic column.  Thus, the choice of technique for organic analytes
may be governed by the detection limit requirements and potential interferants.

Similarly, the choice of technique for metals is governed by the detection limit requirements
and potential interferants.
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In contrast, monitoring samples are analyzed to confirm existing and on-going conditions,
tracking the presence or absence of known constituents in an environmental or process matrix.  In
well-defined matrices and under stable analytical conditions, less compound-specific detection
modes may be used, as the risk of false positive results is less.

2.2.6 Sample Containers, Preservations, and Holding Times

Appropriate sample containers, sample preservation techniques, and sample holding times
for aqueous matrices are listed in Table 2-36, near the end of this chapter.  Similar information may
be found in Table 3-1 of Chapter Three (inorganic analytes) and Table 4-1 of Chapter Four (organic
analytes).  Samples must be extracted and analyzed within the specified holding times for the results
to be considered reflective of total concentrations.  Analytical data generated outside of the specified
holding times must be considered to be minimum values only.  Such data may be used to
demonstrate that a waste is hazardous where it shows the concentration of a constituent to be
above the regulatory threshold but cannot be used to demonstrate that a waste is not hazardous.

2.3 IMPLEMENTING THE GUIDANCE

The choice of the appropriate sequence of methods depends on the information required and
on the experience of the analyst.  Figure 2-1 summarizes the organic analysis options available.
Appropriate selection is confirmed by the quality control results.  The use of the recommended
procedures, whether they are approved or mandatory, does not release the analyst from
demonstrating the correct execution of the method.

2.3.1  Extraction and Sample Preparation Procedures for Organic Analytes

Methods for preparing samples for organic analytes are shown in Table 2-37.  Method 3500
and associated methods should be consulted for further details on preparing the sample for analysis.

2.3.1.1 Aqueous Samples

Methods 3510 and 3520 may be used for extraction of the semivolatile organic
compounds from aqueous samples.  The choice of a preparative method depends on the
sample.  Method 3510, a separatory funnel liquid-liquid extraction technique, is appropriate
for samples which will not form a persistent emulsion interface between the sample and the
extraction solvent.  The formation of an emulsion that cannot be broken up by mechanical
techniques will prevent proper extraction of the sample.  Method 3520, a continuous liquid-
liquid extraction technique, may be used for any aqueous sample and will minimize emulsion
formation.

Method 3535 is solid-phase extraction technique that has been tested for
organochlorine pesticides and phthalate esters and may be applicable to other semivolatile
and extractable compounds as well.  The aqueous sample is passed through a solid sorbent
material which traps the analytes.  They are then eluted from the solid-phase sorbent with
a small volume of organic solvent.  This technique may be used to minimize the volumes of
organic solvents that are employed, but may not be appropriate for aqueous samples with
high suspended solids contents.
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2.3.1.1.1 Basic or Neutral Extraction of Semivolatile Analytes

The solvent extract obtained by performing Method 3510, 3520, or 3535 at
a neutral or basic pH will contain the neutral organic compounds and the organic
bases of interest.  Refer to Table 1 in the extraction methods (3510 and/or 3520) for
guidance on the requirements for pH adjustment prior to extraction and analysis.

2.3.1.1.2 Acidic Extraction of Phenols and Acid Analytes

The solvent extract obtained by performing Method 3510, 3520, or 3535 at
a pH less than or equal to 2 will contain the phenols and acid extractable organics
of interest.

2.3.1.2 Solid Samples

Soxhlet extraction (Methods 3540 and 3541), ultrasonic extraction (Method 3550),
and accelerated solvent extraction (Method 3545) may be used with solid samples.
Consolidated samples should be ground finely enough to pass through a 1 mm sieve.  In
limited applications, waste dilution (Methods 3580 and 3585) may be used if the entire
sample is soluble in the specified solvent.

Methods 3540, 3541, 3545, and 3550 are neutral-pH extraction techniques and
therefore, depending on the analysis requirements, acid-base partition cleanup (Method
3650) may be necessary.  Method 3650 will only be needed if chromatographic interferences
are severe enough to prevent detection of the analytes of interest.  This separation will be
most important if a GC method is chosen for analysis of the sample.  If GC/MS is used, the
ion selectivity of the technique may compensate for chromatographic interferences.

There are two extraction procedures for solid samples that employ supercritical fluid
extraction (SFE).  Method 3560 is a technique for the extraction of petroleum hydrocarbons
from various solid matrices using carbon dioxide at elevated temperature and pressure.
Method 3561 may be used to extract polynuclear aromatic hydrocarbons (PAHs) from solid
matrices using supercritical carbon dioxide.

2.3.1.3 Oils and Organic Liquids

Method 3580, waste dilution, may be used to prepare oils and organic liquid samples
for analysis of semivolatile and extractable organic analytes by GC or GC/MS.  Method 3585
may be employed for the preparation of these matrices for volatiles analysis by GC or
GC/MS. To avoid overloading the analytical detection system, care must be exercised to
ensure that proper dilutions are made.  Methods 3580 and 3585 give guidance on performing
waste dilutions.

To remove interferences for semivolatiles and extractables, Method 3611 (Alumina
cleanup) may be performed on an oil sample directly, without prior sample preparation.

Method 3650 is the only other preparative procedure for oils and other organic liquids.
This procedure is a back extraction into an aqueous phase.  It is generally introduced as a
cleanup procedure for extracts rather than as a preparative procedure.  Oils generally have
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a high concentration of semivolatile compounds and, therefore, preparation by Method 3650
should be done on a relatively small aliquot of the sample.  Generally, extraction of 1 mL of
oil will be sufficient to obtain a saturated aqueous phase and avoid emulsions.

2.3.1.4 Sludge Samples

Determining the appropriate methods for analysis of sludges is complicated because
of the lack of precise definitions of sludges with respect to the relative percent of liquid and
solid components.  There is no set ratio of liquid to solid which enables the analyst to
determine which of the three extraction methods cited is the most appropriate.  Sludges may
be classified into three categories:  liquid sludges, solid sludges, and emulsions, but with
appreciable overlap.

If the sample is an organic sludge (solid material and organic liquid, as opposed to
an aqueous sludge), the sample should be handled as a multiphase sample.

2.3.1.4.1 Liquid Sludges

Use of Method 3510 or Method 3520 may be applicable to sludges that
behave like and have the consistency of aqueous liquids.  Ultrasonic extraction
(Method 3550) and Soxhlet (Method 3540) procedures will, most likely, be ineffective
because of the overwhelming presence of the liquid aqueous phase.

2.3.1.4.2 Solid Sludges

Soxhlet extraction (Methods 3540 and 3541), accelerated solvent (Method
3545) extraction, and ultrasonic extraction (Method 3550) will be more effective when
applied to sludge samples that resemble solids.  Samples may be dried or
centrifuged to form solid materials for subsequent determination of semivolatile
compounds.

Using Method 3650, Acid-Base Partition Cleanup, on the extract may be
necessary, depending on whether chromatographic interferences prevent
determination of the analytes of interest.  

2.3.1.4.3 Emulsions

Attempts should be made to break up and separate the phases of an
emulsion.  Several techniques are effective in breaking emulsions or separating the
phases of emulsions, including:

1. Freezing/thawing:  Certain emulsions will separate if exposed to
temperatures below 0EC.

2. Salting out:  Addition of a salt to make the aqueous phase of an emulsion too
polar to support a less polar phase promotes separation.

3. Centrifugation:  Centrifugal force may separate emulsion components by
density.
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4. Addition of water or ethanol:  Emulsion polymers may be destabilized when
a preponderance of the aqueous phase is added.

5. Forced filtering through glass wool:  Many emulsions can be broken by
forcing  the emulsion through a pad of Pyrex glass wool in a drying column
using a slight amount of air pressure (using a rubber bulb usually provides
sufficient pressure).

If techniques for breaking emulsions fail, use Method 3520.  If the emulsion
can be broken, the different phases (aqueous, solid, or organic liquid) may then be
analyzed separately.

2.3.1.5 Multiphase Samples

Choice of the procedure for separating multiphase samples is highly dependent on
the objective of the analysis.  With a sample in which some of the phases tend to separate
rapidly, the percent weight or volume of each phase should be calculated and each phase
should be individually analyzed for the required analytes.  

An alternate approach is to obtain a homogeneous sample and attempt a single
analysis on the combination of phases.  This approach will give no information on the
abundance of the analytes in the individual phases other than what can be implied by
solubility.

A third alternative is to select phases of interest and to analyze only those selected
phases.  This tactic must be consistent with the sampling/analysis objectives or it will yield
insufficient information for the time and resources expended.  The phases selected should
be compared with Figure 2-1 and Table 2-37 for further guidance.  

2.3.2 Cleanup Procedures

Each category in Table 2-38, Cleanup of Organic Analyte Extracts, corresponds to one of the
possible determinative methods available in the manual.  Cleanups employed are determined by the
analytes of interest within the extract.  However, the necessity of performing cleanup may also
depend upon the matrix from which the extract was developed.  Cleanup of a sample may be done
exactly as instructed in the cleanup method for some of the analytes.  There are some instances
when cleanup using one of the methods may only proceed after the procedure is modified to
optimize recovery and separation.  Several cleanup techniques may be possible for each analyte
category.  The information provided is not meant to imply that any or all of these methods must be
used for the analysis to be acceptable.  Extracts with components which interfere with spectral or
chromatographic determinations are expected to be subjected to cleanup procedures.

The analyst's discretion must determine the necessity for cleanup procedures, as there are
no clear cut criteria for indicating their use.  Method 3600 and associated methods should be
consulted for further details on extract cleanup.
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2.3.3  Determinative Procedures

The determinative methods for organic analytes have been divided into three categories, as
shown in Table 2-39:  gas chromatography/mass spectrometry (GC/MS); specific detection methods,
i.e., gas chromatography (GC) with specific non-MS detectors; and high performance liquid
chromatography (HPLC).  This division is intended to help an analyst choose which determinative
method will apply.  Under each analyte column, SW-846 method numbers have been indicated, if
appropriate, for the determination of the analyte.  A blank has been left if no chromatographic
determinative method is available.

Generally, the MS procedures are more specific but less sensitive than the appropriate gas
chromatographic/specific detection method.  

Method 8000 gives a general description of the techniques of gas chromatography and high
performance liquid chromatography.  Method 8000 should be consulted prior to application of any
of the gas chromatographic methods.

Method 8081 (organochlorine pesticides), Method 8082 (polychlorinated biphenyls), Method
8141 (organophosphorus pesticides), and Method 8151 (chlorinated herbicides), are preferred over
GC/MS because of the combination of selectivity and sensitivity of the flame photometric, nitrogen-
phosphorus, and electron capture detectors.

Method 8260 is a GC/MS method for volatile analytes, which employs a capillary column.
A variety of sample introduction techniques may be used with Method 8260, including Methods 5021,
5030, 5031, 5035, and 3585.  A GC with a selective detector is also useful for the determination of
volatile organic compounds in a monitoring scenario, as described in Sec. 2.2.5.

Method 8270 is a GC/MS method for semivolatile analytes, which employs a capillary column.

Table 2-39 lists several GC and HPLC methods that apply to only a small number of analytes.
Methods 8031 and 8033 are GC methods for acrolein, acrylonitrile, and acetonitrile.  Methods 8315
and 8316 are HPLC methods for these three analytes.  Method 8316 also addresses acrylamide,
which may be analyzed by Method 8032.

HPLC methods have been developed for other types of analytes, most notably carbamates
(Method 8318); azo dyes, phenoxy acid herbicides, carbamates, and organophosphorus pesticides
(Method 8321); PAHs (Method 8310); explosives (Methods 8330, 8331, and 8332); and some volatile
organics (Methods 8315 and 8316).  

Method 8430 utilizes a Fourier Transform Infrared Spectrometer (FT-IR) coupled to a gas
chromatograph to determine bis(2-chloroethyl) ether and its hydrolysis products.  The sample is
introduced by direct aqueous injection.  Method 8440 may be employed for the determination of total
recoverable petroleum hydrocarbons (TRPH) in solid samples by infrared (IR) spectrophotometry.
The samples may be extracted with supercritical carbon dioxide, using Method 3560.
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2.4 CHARACTERISTICS

Figure 2-2 outlines a sequence for determining if a waste exhibits one or more of the
characteristics of a hazardous waste.

2.4.1 EP and TCLP extracts

The leachate obtained from using either the EP (Figure 2-3A) or the TCLP (Figure 2-3B) is
an aqueous sample, and therefore, requires further solvent extraction prior to the analysis of
semivolatile compounds.  

The TCLP leachate is solvent extracted with methylene chloride at a pH > 11 and at a pH <2
by either Method 3510 or 3520.  Method 3510 should be used unless the formation of emulsions
between the sample and the solvent prevent proper extraction.  If this problem is encountered,
Method 3520 should be employed.

The solvent extract obtained by performing either Method 3510 or 3520 at a basic or neutral
pH will contain the base/neutral compounds of interest.  Refer to the specific determinative method
for guidance on the pH requirements for extraction prior to analysis.  Method 5031 (Azeotropic
Distillation) may be used as an effective preparative method for pyridine.

Due to the high concentration of acetate in the TCLP extract, it is recommended that purge-
and-trap be used to introduce the volatile sample into the gas chromatograph.

2.5 GROUND WATER

Appropriate analysis schemes for the determination of analytes in ground water are
presented in Figures 2-4A, 2-4B, and 2-4C.  Quantitation limits for the inorganic analytes should
correspond to the drinking water limits which are available.

2.5.1 Special Techniques for Inorganic Analytes

All atomic absorption analyses should employ appropriate background  correction systems
whenever spectral interferences could be present.  Several background correction techniques are
employed in modern atomic absorption spectrometers.  Matrix modification can complement
background correction in some cases.  Since no approach to interference correction is completely
effective in all cases, the analyst should attempt to verify the adequacy of correction.   If the
interferant is known (e.g., high concentrations of iron in the determination of selenium), accurate
analyses of synthetic solutions of the interferant (with and without analyte) could establish the
efficacy of the background correction. If the nature of the interferant is not established, good
agreement of analytical results using two substantially different wavelengths could substantiate the
adequacy of the background correction.

To reduce matrix interferences, all graphite furnace atomic absorption (GFAA) analyses
should be performed using techniques which maximize an isothermal environment within the furnace
cell.  Data indicate that two such techniques, L'vov platform and the Delayed Atomization Cuvette
(DAC), are equivalent in this respect, and produce high quality results.
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All furnace atomic absorption analysis should be carried out using the best matrix modifier
for the analysis.  Some examples of modifiers are listed below.  (See also the appropriate methods.)

Element(s)    Modifier(s)

As and Se Nickel nitrate, palladium
Pb Phosphoric acid, ammonium phosphate, palladium
Cd Ammonium phosphate, palladium
Sb Ammonium nitrate, palladium
Tl Platinum, palladium

The ICP calibration standards must match the acid composition and strength of the acids
contained in the samples.  Acid strengths in the ICP calibration standards should be stated in the
raw data.  When using a method which permits the use of internal standardization, and the internal
standardization option is being used, matrix matching is not required.
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TABLE 2-1
DETERMINATIVE METHODS FOR ORGANIC ANALYTES

Analyte Applicable Method(s)

Acenaphthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8100, 8270, 8275, 8310, 8410
Acenaphthylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Acetaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8315
Acetonitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8033, 8260
Acetophenone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Acetylaminofluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1-Acetyl-2-thiourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Acifluorfen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
Acrolein (Propenal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8315, 8316
Acrylamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8032, 8316
Acrylonitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8031, 8260, 8316
Alachlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Aldicarb (Temik) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Aldicarb sulfone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Aldicarb sulfoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Aldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Allyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Allyl chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2-Aminoanthraquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Aminoazobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
4-Aminobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Aminocarb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
2-Amino-4,6-dinitrotoluene (2-Am-DNT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
4-Amino-2,6-dinitrotoluene (4-Am-DNT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
3-Amino-9-ethylcarbazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Anilazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Aniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131, 8270
o-Anisidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Aramite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Aroclor-1016 (PCB-1016) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1221 (PCB-1221) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1232 (PCB-1232) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1242 (PCB-1242) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1248 (PCB-1248) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1254 (PCB-1254) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aroclor-1260 (PCB-1260) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
Aspon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Asulam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Atrazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Azinphos-ethyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Azinphos-methyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Barban . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
Baygon (Propoxur) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Bendiocarb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
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Benefin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Benomyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Bentazon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
Benzal chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121
Benzaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Benz(a)anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Benzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Benzenethiol (Thiophenol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Benzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8325
Benzo(b)fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310
Benzo(j)fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100
Benzo(k)fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310
Benzoic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8410
Benzo(g,h,i)perylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310
Benzo(a)pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
p-Benzoquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Benzotrichloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121
Benzoylprop ethyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8325
Benzyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Benzyl benzoate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Benzyl chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260
"-BHC ("-Hexachlorocyclohexane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
$-BHC ($-Hexachlorocyclohexane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
*-BHC (*-Hexachlorocyclohexane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
(-BHC (Lindane, (-Hexachlorocyclohexane) . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
Bis(2-chloroethoxy)methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111, 8270, 8410
Bis(2-chloroethyl) ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111, 8270, 8410, 8430
Bis(2-chloroethyl)sulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Bis(2-chloroisopropyl) ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8111, 8270, 8410
Bis(2-n-butoxyethyl) phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Bis(2-ethoxyethyl) phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Bis(2-ethylhexyl) phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
Bis(2-methoxyethyl) phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Bis(4-methyl-2-pentyl)-phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Bolstar (Sulprofos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Bromacil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Bromoacetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
4-Bromoaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
Bromobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Bromochloromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2-Bromo-6-chloro-4-nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
Bromodichloromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2-Bromo-4,6-dinitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
4-Bromofluorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Bromoform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Bromomethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
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4-Bromophenyl phenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111, 8270, 8275, 8410
Bromoxynil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Butanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
1-Butanol (n-Butyl alcohol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
n-Butanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
2-Butanone (Methyl ethyl ketone, MEK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Butralin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
n-Butyl alcohol (1-Butanol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
t-Butyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
n-Butylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
sec-Butylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
tert-Butylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Butyl benzyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
2-sec-Butyl-4,6-dinitrophenol (DNBP, Dinoseb) . . . . . . . . . . . . . . . . . . . 8041, 8151, 8270, 8321
Caffeine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Captafol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Captan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Carbaryl (Sevin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8318, 8321, 8325
Carbendazim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Carbofuran (Furaden) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8318, 8321
Carbon disulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Carbon tetrachloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Carbophenothion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Chloral hydrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Chloramben . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
Chlordane (NOS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
"-Chlordane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
(-Chlordane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Chlorfenvinphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Chloroacetonitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
2-Chloroacrylonitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
2-Chloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
3-Chloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
4-Chloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131, 8270, 8410
Chlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Chlorobenzilate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
2-Chlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2-Chloro-1,3-butadiene (Chloroprene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1-Chlorobutane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Chlorodibromomethane (Dibromochloromethane) . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2-Chloro-4,6-dinitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
1-Chloro-2,4-dinitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
1-Chloro-3,4-dinitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Chloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2-Chloroethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260, 8430
2-(2-Chloroethoxy)ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8430
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2-Chloroethyl vinyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Chloroform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1-Chlorohexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Chloromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
5-Chloro-2-methylaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Chloromethyl methyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021
2-Chloro-5-methylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
4-Chloro-2-methylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
4-Chloro-3-methylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
3-(Chloromethyl)pyridine hydrochloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1-Chloronaphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8270, 8275
2-Chloronaphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121, 8270, 8410
Chloroneb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
2-Chloro-4-nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
4-Chloro-2-nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
1-Chloro-2-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
1-Chloro-4-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2-Chloro-6-nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
4-Chloro-2-nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
4-Chloro-3-nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2-Chlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
3-Chlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
4-Chlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8410
4-Chloro-1,2-phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
4-Chloro-1,3-phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
4-Chlorophenyl phenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111, 8270, 8410
2-Chlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
3-Chlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
4-Chlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
o-Chlorophenyl thiourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8325
Chloroprene (2-Chloro-1,3-butadiene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
3-Chloropropionitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Chloropropham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Chloropropylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Chlorothalonil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
2-Chlorotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
4-Chlorotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Chloroxuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Chlorpyrifos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Chlorpyrifos methyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Chrysene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Coumaphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Coumarin Dyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
p-Cresidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
o-Cresol (2-Methylphenol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
m-Cresol (3-Methylphenol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
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Analyte Applicable Method(s)

CD-ROM TWO - 16 Revision 3
December 1996

p-Cresol (4-Methylphenol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8275, 8410
Crotonaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8315
Crotoxyphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Cyclohexanone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
2-Cyclohexyl-4,6-dinitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
2,4-D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
Dalapon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
2,4-DB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
DBCP (1,2-Dibromo-3-chloropropane) . . . . . . . . . . . . . . . . . . . . . 8011, 8021, 8081, 8260, 8270
2,4-D, butoxyethanol ester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
DCM (Dichloromethane, Methylene chloride) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
DCPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
DCPA diacid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
4,4'-DDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
4,4'-DDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
4,4'-DDT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
DDVP (Dichlorvos, Dichlorovos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
2,2',3,3'4,4'5,5',6,6'-Decachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
Decanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Demeton-O, and Demeton-S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
2,4-D, ethylhexyl ester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Diallate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Diamyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
2,4-Diaminotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Diazinon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Dibenz(a,h)acridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100
Dibenz(a,j)acridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270
Dibenz(a,h)anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310
7H-Dibenzo(c,g)carbazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100
Dibenzofuran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8275, 8410
Dibenzo(a,e)pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270
Dibenzo(a,h)pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100
Dibenzo(a,i)pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100
Dibenzothiophene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
Dibromochloromethane (Chlorodibromomethane) . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,2-Dibromo-3-chloropropane (DBCP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8011, 8260, 8270
1,2-Dibromoethane (EDB, Ethylene dibromide) . . . . . . . . . . . . . . . . . . . . . . . . 8011, 8021, 8260
Dibromofluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Dibromomethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2,6-Dibromo-4-nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
2,4-Dibromophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
Di-n-butyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
Dicamba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
Dichlone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
3,4-Dichloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
1,2-Dichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260, 8270, 8410
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Analyte Applicable Method(s)

CD-ROM TWO - 17 Revision 3
December 1996

1,3-Dichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260, 8270, 8410
1,4-Dichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260, 8270, 8410
3,3'-Dichlorobenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270,8325
3,5-Dichlorobenzoic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
2,3-Dichlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
3,3'-Dichlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
cis-1,4-Dichloro-2-butene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
trans-1,4-Dichloro-2-butene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Dichlorodifluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,1-Dichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,2-Dichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,1-Dichloroethene (Vinylidene chloride) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
cis-1,2-Dichloroethene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
trans-1,2-Dichloroethene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Dichlorofenthion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Dichloromethane (DCM, Methylene chloride) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2,6-Dichloro-4-nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
2,3-Dichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,4-Dichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
3,5-Dichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
3,4-Dichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,5-Dichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,3-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,4-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
2,5-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,6-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
3,4-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
3,5-Dichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,4-Dichlorophenol 3-methyl-4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,6-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
3,5-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,5-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,4-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,3-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
3,4-Dichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
Dichloroprop (Dichlorprop) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
1,2-Dichloropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,3-Dichloropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2,2-Dichloropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,3-Dichloro-2-propanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,1-Dichloropropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
cis-1,3-Dichloropropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
trans-1,3-Dichloropropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Dichlorovos (DDVP, Dichlorvos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Dichlorprop (Dichloroprop) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
Dichlorvos (DDVP, Dichlorovos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
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Analyte Applicable Method(s)

CD-ROM TWO - 18 Revision 3
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Dicrotophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Dicofol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Dicyclohexyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Dieldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
1,2,3,4-Diepoxybutane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Diesel range organics (DRO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8440
Diethylene glycol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8430
Diethyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Diethyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
Diethylstilbestrol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Diethyl sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1,4-Difluorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Dihexyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Dihydrosaffrole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Diisobutyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Dimethoate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
3,3'-Dimethoxybenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8325
Dimethylaminoazobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2,5-Dimethylbenzaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
7,12-Dimethylbenz(a)anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
3,3'-Dimethylbenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8325
","-Dimethylphenethylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2,3-Dimethylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,4-Dimethylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
2,5-Dimethylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,6-Dimethylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
3,4-Dimethylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
Dimethyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
Dinitramine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,4-Dinitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
1,2-Dinitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270
1,3-Dinitrobenzene (1,3-DNB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8330
1,4-Dinitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270
4,6-Dinitro-2-methylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8410
2,4-Dinitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
2,5-Dinitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,4-Dinitrotoluene (2,4-DNT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8330, 8410
2,6-Dinitrotoluene (2,6-DNT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8330, 8410
Dinocap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Dinonyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
Dinoseb (2-sec-Butyl-4,6-dinitrophenol, DNBP) . . . . . . . . . . . . . . . . . . . 8041, 8151, 8270, 8321
Di-n-octyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061, 8270, 8410
Dioxacarb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318
1,4-Dioxane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Dioxathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Di-n-propyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8410
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Diphenylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
5,5-Diphenylhydantoin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1,2-Diphenylhydrazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Disperse Blue 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Blue 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Brown 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Orange 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Orange 30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Red 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Red 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Red 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Red 60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disperse Yellow 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Disulfoton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Diuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321, 8325
1,3-DNB (1,3-Dinitrobenzene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8330
DNBP (2-sec-Butyl-4,6-dinitrophenol, Dinoseb) . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8270, 8321
2,4-DNT (2,4-Dinitrotoluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8275, 8330, 8410
2,6-DNT (2,6-Dinitrotoluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270, 8330, 8410
EDB (1,2-Dibromoethane, Ethylene dibromide) . . . . . . . . . . . . . . . . . . . . . . . . 8011, 8021, 8260
Endosulfan I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Endosulfan II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Endosulfan sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Endrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Endrin aldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Endrin ketone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Epichlorohydrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
EPN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Ethion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Ethoprop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Ethyl acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Ethylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Ethyl carbamate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Ethyl cyanide (Propionitrile) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Ethylene dibromide (EDB, 1,2-Dibromoethane) . . . . . . . . . . . . . . . . . . . . . . . . 8011, 8021, 8260
Ethylene glycol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8430
Ethylene oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Ethyl methacrylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Ethyl methanesulfonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Etridiazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Famphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Fenitrothion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Fensulfothion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Fenthion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Fenuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
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Fluchloralin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Fluometuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Fluorescent Brightener 61 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Fluorescent Brightener 236 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Fluorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
2-Fluorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Fluorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Fonophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Formaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Furaden (Carbofuran) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8318, 8321
Gasoline range organics (GRO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
Halowax-1000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Halowax-1001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Halowax-1013 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Halowax-1014 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Halowax-1051 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Halowax-1099 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Heptachlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
2,2',3,3',4,4',5-Heptachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,2',3,4,4',5,5'-Heptachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,2',3,4,4',5',6-Heptachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
2,2',3,4',5,5',6-Heptachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
Heptachlor epoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Heptanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Hexachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270, 8275, 8410
2,2',3,3,4,4'-Hexachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
2,2',3,4,4',5'-Hexachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,2',3,4,5,5'-Hexachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
2,2',3,5,5',6-Hexachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
2,2',4,4',5,5'-Hexachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
Hexachlorobutadiene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260, 8270, 8410
"-Hexachlorocyclohexane ("-BHC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
$-Hexachlorocyclohexane ($-BHC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
*-Hexachlorocyclohexane (*-BHC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
(-Hexachlorocyclohexane ((-BHC, Lindane) . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
Hexachlorocyclopentadiene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270, 8410
Hexachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121, 8260, 8270, 8410
Hexachlorophene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Hexachloropropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Hexafluoro-2-methyl-2-propanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
Hexafluoro-2-propanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Hexamethylphosphoramide (HMPA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Hexanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
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2-Hexanone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Hexyl 2-ethylhexyl phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8061
HMPA (Hexamethylphosphoramide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
1,2,3,4,6,7,8-HpCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
HpCDD, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
1,2,3,4,6,7,8-HpCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
1,2,3,4,7,8,9-HpCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
HpCDF, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
1,2,3,4,7,8-HxCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
1,2,3,6,7,8-HxCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
1,2,3,7,8,9-HxCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
HxCDD, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
1,2,3,4,7,8-HxCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
1,2,3,6,7,8-HxCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
1,2,3,7,8,9-HxCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
2,3,4,6,7,8-HxCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
HxCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
Hydroquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
3-Hydroxycarbofuran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
5-Hydroxydicamba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
2-Hydroxypropionitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Indeno(1,2,3-cd)pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310
Iodomethane (Methyl iodide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Isobutyl alcohol (2-Methyl-1-propanol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Isodrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Isophorone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8410
Isopropalin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Isopropyl alcohol (2-Propanol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Isopropylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
p-Isopropyltoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Isosafrole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Isovaleraldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Kepone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Lannate (Methomyl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Leptophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Lindane ((-Hexachlorocyclohexane, (-BHC) . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8121, 8270
Linuron (Lorox) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321, 8325
Lorox (Linuron) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321, 8325
Malathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Maleic anhydride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Malononitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
MCPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
MCPP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
Merphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8321
Mestranol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
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Mesurol (Methiocarb) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Methacrylonitrile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Methanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Methapyrilene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Methiocarb (Mesurol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Methomyl (Lannate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
Methoxychlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Methyl acrylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
2-Methyl-1-propanol (Isobutyl alcohol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Methyl-t-butyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
3-Methylcholanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270
2-Methyl-4,6-dinitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
4,4'-Methylenebis(2-chloroaniline) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
4,4'-Methylenebis(N,N-dimethylaniline) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Methyl ethyl ketone (MEK, 2-Butanone) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Methylene chloride (Dichloromethane, DCM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Methyl iodide (Iodomethane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Methyl isobutyl ketone (MIBK, 4-Methyl-2-pentanone) . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Methyl methacrylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Methyl methanesulfonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Methylnaphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8410
Methyl parathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
4-Methyl-2-pentanone (MIBK, Methyl isobutyl ketone) . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
2-Methylphenol (o-Cresol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
3-Methylphenol (m-Cresol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
4-Methylphenol (p-Cresol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
2-Methylpyridine (2-Picoline) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Mevinphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Mexacarbate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
MIBK (Methyl isobutyl ketone, 4-Methyl-2-pentanone) . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Mirex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Monocrotophos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Monuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321, 8325
Naled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Naphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8100, 8260, 8270, 8275, 8310, 8410
NB (Nitrobenzene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8260, 8270, 8330, 8410
1,2-Naphthoquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
1,4-Naphthoquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8091
1-Naphthylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Naphthylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Neburon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Nicotine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
5-Nitroacenaphthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131, 8270, 8410
3-Nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131, 8270, 8410
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4-Nitroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131, 8270, 8410
5-Nitro-o-anisidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Nitrobenzene (NB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8260, 8270, 8330, 8410
4-Nitrobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Nitrofen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
Nitroglycerin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8332
2-Nitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
3-Nitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
4-Nitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8151, 8270, 8410
4-Nitrophenyl phenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2-Nitropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Nitroquinoline-1-oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
N-Nitrosodi-n-butylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
N-Nitrosodiethylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
N-Nitrosodimethylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8070, 8270, 8410
N-Nitrosodi-n-butylamine (N-Nitrosodibutylamine) . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
N-Nitrosodiphenylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8070, 8270, 8410
N-Nitrosodi-n-propylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8070, 8270, 8410
N-Nitrosomethylethylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
N-Nitrosomorpholine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
N-Nitrosopiperidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
N-Nitrosopyrrolidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2-Nitrotoluene (o-Nitrotoluene, 2-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
3-Nitrotoluene (m-Nitrotoluene, 3-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
4-Nitrotoluene (p-Nitrotoluene, 4-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
o-Nitrotoluene (2-Nitrotoluene, 2-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
m-Nitrotoluene (3-Nitrotoluene, 3-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
p-Nitrotoluene (4-Nitrotoluene, 4-NT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
5-Nitro-o-toluidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
trans-Nonachlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
2,2'3,3'4,4'5,5'6-Nonachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
Nonanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
2-NT (2-Nitrotoluene, o-Nitrotoluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
3-NT (3-Nitrotoluene, m-Nitrotoluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
4-NT (4-Nitrotoluene, p-Nitrotoluene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8330
OCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
OCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
2,2',3,3',4,4'5,5'-Octachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Octamethyl pyrophosphoramide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Octanal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Oxamyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
4,4'-Oxydianiline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Paraldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Parathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Parathion, ethyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
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Parathion, methyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
PCB-1016 (Aroclor-1016) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1221 (Aroclor-1221) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1232 (Aroclor-1232) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1242 (Aroclor-1242) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1248 (Aroclor-1248) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1254 (Aroclor-1254) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCB-1260 (Aroclor-1260) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8270
PCNB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
1,2,3,7,8-PeCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
PeCDD, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
1,2,3,7,8-PeCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
2,3,4,7,8-PeCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
PeCDF, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
Pendimethaline (Penoxalin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Penoxalin (Pendimethaline) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Pentachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121, 8270
2,2',3,4,5'-Pentachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
2,2',4,5,5'-Pentachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,3,3',4',6-Pentachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082
2,3',4,4',5-Pentachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
Pentachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Pentachloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8270
Pentachlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8151, 8270, 8410
Pentafluorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Pentanal (Valeraldehyde) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
2-Pentanone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Permethrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Perthane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Phenacetin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Phenanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Phenobarbital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Phenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
1,4-Phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Phorate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270, 8321
Phosalone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Phosmet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Phosphamidon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Phthalic anhydride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Picloram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151
2-Picoline (2-Methylpyridine) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
Piperonyl sulfoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Profluralin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Promecarb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318
Pronamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Propachlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8321
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Propanal (Propionaldehyde) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315, 8321
1-Propanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
2-Propanol (Isopropyl alcohol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Propargyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Propenal (Acrolein) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260, 8315
Propham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
ß-Propiolactone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Propionaldehyde (Propanal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Propionitrile (Ethyl cyanide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260
Propoxur (Baygon) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
n-Propylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
n-Propylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Propylthiouracil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Prothiophos (Tokuthion) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8100, 8270, 8275, 8310, 8410
Pyridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
RDX (Hexahydro-1,3,5-trinitro-1,3,5-triazine) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Resorcinol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Ronnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Rotenone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8325
Safrole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Sevin (Carbaryl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8318, 8321, 8325
Siduron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321, 8325
Simazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Silvex (2,4,5-TP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
Solvent Red 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Solvent Red 23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Stirophos (Tetrachlorvinphos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Strobane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081
Strychnine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
Styrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Sulfallate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Sulfotepp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Sulprofos (Bolstar) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
2,4,5-T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
2,4,5-T, butoxyethanol ester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
2,4,5-T, butyl ester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
2,3,7,8-TCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
TCDD, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
2,3,7,8-TCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280, 8290
TCDF, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8280
Tebuthiuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Temik (Aldicarb) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8318, 8321
TEPP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Terbufos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
1,2,3,4-Tetrachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121
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1,2,3,5-Tetrachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121
1,2,4,5-Tetrachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121, 8270
2,2',3,5'-Tetrachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,2',4,5'-Tetrachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
2,2',5,5'-Tetrachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,3',4,4'-Tetrachlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
1,1,1,2-Tetrachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,1,2,2-Tetrachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Tetrachloroethene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
2,3,4,5-Tetrachlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,3,4,6-Tetrachlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270
2,3,5,6-Tetrachlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,3,4,5-Tetrachloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,3,5,6-Tetrachloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
Tetrachlorvinphos (Stirophos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Tetraethyl dithiopyrophosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Tetraethyl pyrophosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Tetrazene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8331
Tetryl (Methyl-2,4,6-trinitrophenylnitramine) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Thiofanox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8321
Thionazin (Zinophos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
Thiophenol (Benzenethiol) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1,3,5-TNB (1,3,5-Trinitrobenzene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8330
2,4,6-TNT (2,4,6-Trinitrobenzene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
TOCP (Tri-o-cresylphosphate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Tokuthion (Prothiophos) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
m-Tolualdehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
o-Tolualdehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
p-Tolualdehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Toluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Toluene diisocyanate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
o-Toluidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8015, 8260, 8270
Toxaphene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8081, 8270
2,4,5-TP (Silvex) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8151, 8321
2,4,6-Tribromophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
2,4,6-Trichloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
2,4,5-Trichloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8131
1,2,3-Trichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260
1,2,4-Trichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8121, 8260, 8270, 8275, 8410
2,2',5-Trichlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
2,3',5-Trichlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8275
2,4',5-Trichlorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8082, 8275
1,3,5-Trichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8121
1,1,1-Trichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,1,2-Trichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Trichloroethene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
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Trichlorofluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Trichlorfon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8321
Trichloronate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
1,2,3-Trichloro-4-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
1,2,4-Trichloro-5-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,4,6-Trichloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091
2,3,4-Trichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,3,5-Trichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,3,6-Trichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041
2,4,5-Trichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
2,4,6-Trichlorophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8041, 8270, 8410
2,4,6-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,3,6-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,3,5-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,4,5-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
3,4,5-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
2,3,4-Trichlorophenyl 4-nitrophenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8111
1,2,3-Trichloropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
O,O,O-Triethyl phosphorothioate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Trifluralin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8091, 8081, 8270
2,4,5-Trimethylaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1,2,4-Trimethylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
1,3,5-Trimethylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Trimethyl phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
1,3,5-Trinitrobenzene (1,3,5-TNB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8330
2,4,6-Trinitrobenzene (2,4,6-TNT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8330
Tris-BP (Tris-(2,3-dibromopropyl) phosphate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
Tri-o-cresylphosphate (TOCP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141
Tri-p-tolyl phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270
Tris-(2,3-dibromopropyl) phosphate (Tris-BP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8270, 8321
Valeraldehyde (Pentanal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8315
Vinyl acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8260
Vinyl chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Vinylidene chloride (1,1-Dichloroethene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
o-Xylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
m-Xylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
p-Xylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8021, 8260
Zinophos (Thionazin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8141, 8270
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TABLE 2-2A
METHOD 3650 (ACID-BASE PARTITION CLEANUP) - BASE/NEUTRAL FRACTION

Benz(a)anthracene Hexachlorobenzene
Benzo(a)pyrene Hexachlorobutadiene
Benzo(b)fluoranthene Hexachloroethane
Chlordane Hexachlorocyclopentadiene
Chlorinated dibenzodioxins Naphthalene
Chrysene Nitrobenzene
Creosote Phorate
Dichlorobenzene(s) 2-Picoline
Dinitrobenzene Pyridine
2,4-Dinitrotoluene Tetrachlorobenzene(s)
Heptachlor Toxaphene

TABLE 2-2B
METHOD 3650 (ACID-BASE PARTITION CLEANUP) - ACID FRACTION

2-Chlorophenol 4-Nitrophenol
Cresol(s) Pentachlorophenol
Creosote Phenol
Dichlorophenoxyacetic acid Tetrachlorophenol(s)
2,4-Dimethylphenol Trichlorophenol(s)
4,6-Dinitro-o-cresol 2,4,5-TP (Silvex) 
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TABLE 2-3
METHOD 5041 - SORBENT CARTRIDGES FROM VOLATILE

ORGANIC SAMPLING TRAIN (VOST)

Acetone 1,2-Dichloropropane
Acrylonitrile cis-1,3-Dichloropropene
Benzene trans-1,3-Dichloropropene
Bromodichloromethane Ethylbenzenea

Bromoform Iodomethanea

Bromomethane Methylene chlorideb

Carbon disulfide Styrenea

Carbon tetrachloride 1,1,2,2-Tetrachloroethanea

Chlorobenzene Tetrachloroethene
Chlorodibromomethane Toluene
Chloroethane 1,1,1-Trichloroethaneb

Chloroform 1,1,2-Trichloroethane
Chloromethane Trichloroetheneb

Dibromomethane Trichlorofluoromethane
1,1-Dichloroethane 1,2,3-Trichloropropanea

1,2-Dichloroethane Vinyl chlorideb

1,1-Dichloroethene Xylenesa

trans-1,2-Dichloroethene

  Boiling point of this compound is above 120EC.  Method 0030 is not appropriate for quantitativea

sampling of this analyte.

  Boiling point of this compound is below 30EC.  Special precautions must be taken whenb

sampling for this analyte by Method 0030.  Refer to Sec. 1 of Method 5041 for discussion.
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TABLE 2-4
METHOD 8011 (MICROEXTRACTION AND GAS CHROMATOGRAPHY)

1,2-Dibromo-3-chloropropane (DBCP)
1,2-Dibromoethane (EDB)

TABLE 2-5
METHOD 8015 (GC/FID) - NONHALOGENATED VOLATILES    

Acetone Isobutyl alcohol
Acetonitrile Isopropyl alcohol
Acrolein Methanol
Acrylonitrile Methyl ethyl ketone (MEK)
Allyl alcohol Methyl isobutyl ketone (MIBK)
1-Butanol (n-Butyl alcohol) N-Nitroso-di-n-butylamine
t-Butyl alcohol Paraldehyde
2-Chloroacrylonitrile 2-Pentanone
Crotonaldehyde 2-Picoline
Diethyl ether 1-Propanol
1,4-Dioxane Propionitrile
Ethanol Pyridine
Ethyl acetate o-Toluidine
Ethylene glycol Gasoline range organics (GRO)
Ethylene oxide Diesel range organics (DRO)
Hexafluoro-2-propanol
Hexafluoro-2-methyl-2-propanol 
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TABLE 2-6
METHOD 8021 (GC, PHOTOIONIZATION AND ELECTROLYTIC 

CONDUCTIVITY DETECTORS) - AROMATIC AND HALOGENATED VOLATILES

Allyl chloride cis-1,2-Dichloroethene
Benzene trans-1,2-Dichloroethene
Benzyl chloride 1,2-Dichloropropane
Bis(2-chloroisopropyl) 1,3-Dichloropropane
  ether 2,2-Dichloropropane
Bromoacetone 1,3-Dichloro-2-propanol
Bromobenzene 1,1-Dichloropropene
Bromochloromethane cis-1,3-Dichloropropene
Bromodichloromethane trans-1,3-Dichloropropene
Bromoform Epichlorhydrin
Bromomethane Ethylbenzene
n-Butylbenzene Hexachlorobutadiene
sec-Butylbenzene Isopropylbenzene
tert-Butylbenzene p-Isopropyltoluene
Carbon tetrachloride Methylene chloride 
Chlorobenzene Naphthalene
Chlorodibromomethane n-Propylbenzene
Chloroethane Styrene
2-Chloroethanol 1,1,1,2-Tetrachloroethane
2-Chloroethyl vinyl ether 1,1,2,2-Tetrachloroethane
Chloroform Tetrachloroethene
Chloromethyl methyl ether Toluene
Chloroprene 1,2,3-Trichlorobenzene
Chloromethane 1,2,4-Trichlorobenzene
2-Chlorotoluene 1,1,1-Trichloroethane
4-Chlorotoluene 1,1,2-Trichloroethane
1,2-Dibromo-3-chloropropane Trichloroethene
1,2-Dibromoethane Trichlorofluoromethane
Dibromomethane 1,2,3-Trichloropropane
1,2-Dichlorobenzene 1,2,4-Trimethylbenzene
1,3-Dichlorobenzene 1,3,5-Trimethylbenzene
1,4-Dichlorobenzene Vinyl chloride
Dichlorodifluoromethane o-Xylene
1,1-Dichloroethane m-Xylene
1,2-Dichloroethane p-Xylene
1,1-Dichloroethene

TABLE 2-7
METHODS 8031 AND 8032 (GC) AND 8033 (GC WITH 

NITROGEN-PHOSPHORUS DETECTION)

   Method 8031:  Acrylonitrile
Method 8032:  Acrylamide
 Method 8033:  Acetonitrile
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TABLE 2-8
METHOD 8041 (GC) - PHENOLS

2-Chloro-5-methylphenol 2,4-Dinitrophenol
4-Chloro-2-methylphenol 2,5-Dinitrophenol
4-Chloro-3-methylphenol Dinoseb
2-Chlorophenol 2-Methyl-4,6-dinitrophenol
3-Chlorophenol 2-Methylphenol (o-Cresol)
4-Chlorophenol 3-Methylphenol (m-Cresol)
2-Cyclohexyl-4,6-dinitro- 4-Methylphenol (p-Cresol)
  phenol 2-Nitrophenol
2,3-Dichlorophenol 3-Nitrophenol
2,4-Dichlorophenol 4-Nitrophenol
2,5-Dichlorophenol Pentachlorophenol
2,6-Dichlorophenol Phenol
3,4-Dichlorophenol 2,3,4,5-Tetrachlorophenol
3,5-Dichlorophenol 2,3,4,6-Tetrachlorophenol
2,3-Dimethylphenol 2,3,5,6-Tetrachlorophenol
2,4-Dimethylphenol 2,3,4-Trichlorophenol
2,5-Dimethylphenol 2,3,5-Trichlorophenol
2,6-Dimethylphenol 2,3,6-Trichlorophenol
3,4-Dimethylphenol 2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

TABLE 2-9
METHOD 8061 (GC/ECD) - PHTHALATE ESTERS

Benzyl benzoate Dicyclohexyl phthalate
Bis(2-n-butoxyethyl) phthalate Dihexyl phthalate
Bis(2-ethoxyethyl) phthalate Diisobutyl phthalate
Bis(2-ethylhexyl) phthalate Di-n-butyl phthalate
Bis(2-methoxyethyl) phthalate Diethyl phthalate
Bis(4-methyl-2-pentyl)- Dinonyl phthalate
  phthalate Dimethyl phthalate
Butyl benzyl phthalate Di-n-octyl phthalate
Diamyl phthalate Hexyl 2-ethylhexyl phthalate

TABLE 2-10
METHOD 8070 (GC) - NITROSAMINES

N-Nitrosodimethylamine
N-Nitrosodiphenylamine

N-Nitrosodi-n-propylamine
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TABLE 2-11
METHOD 8081 (GC) - ORGANOCHLORINE PESTICIDES AND PCBs

Alachlor   Dichlone Hexachlorobenzene
Aldrin   Dicofol Hexachlorocyclo-
"-BHC   Dieldrin   pentadiene
$-BHC   Endosulfan I Isodrin
*-BHC   Endosulfan II Kepone
(-BHC (Lindane)   Endosulfan sulfate Methoxychlor
Captafol   Endrin Mirex
Chlorobenzilate   Endrin aldehyde Nitrofen
"-Chlordane   Endrin ketone trans-Nonachlor
(-Chlordane   Etridiazole PCNB
Chlordane (NOS)   Halowax-1000 Permethrin
Chloroneb   Halowax-1001 Perthane
Chloropropylate   Halowax-1013 Propachlor
Chlorothalonil   Halowax-1014 Strobane
DBCP   Halowax-1051 Toxaphene
DCPA   Halowax-1099 Trifluralin
4,4'-DDD   Heptachlor
4,4'-DDE   Heptachlor
4,4'-DDT     epoxide
Diallate
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TABLE 2-12
METHOD 8082 (GC) - POLYCHLORINATED BIPHENYLS

Aroclor 1016 2,2',3,4,5'-Pentachlorobiphenyl
Aroclor 1221 2,2',4,5,5'-Pentachlorobiphenyl
Aroclor 1232 2,3,3',4',6-Pentachlorobiphenyl
Aroclor 1242 2,2',3,4,4',5'-Hexachlorobiphenyl
Aroclor 1248 2,2',3,4,5,5'-Hexachlorobiphenyl
Aroclor 1254 2,2',3,5,5',6-Hexachlorobiphenyl
Aroclor 1260 2,2',4,4',5,5'-Hexachlorobiphenyl
2-Chlorobiphenyl 2,2',3,3',4,4',5-Heptachlorobiphenyl
2,3-Dichlorobiphenyl 2,2',3,4,4',5,5'-Heptachlorobiphenyl
2,2',5-Trichlorobiphenyl 2,2',3,4,4',5',6-Heptachloro-
2,4',5-Trichlorobiphenyl   biphenyl
2,2',3,5'-Tetrachlorobiphenyl 2,2',3,4',5,5',6-Heptachlorobiphenyl
2,2',5,5'-Tetrachlorobiphenyl 2,2',3,3',4,4',5,5',6-Nonachloro-
2,3',4,4'-Tetrachlorobiphenyl   biphenyl

TABLE 2-13
METHOD 8091 (GC) - NITROAROMATICS AND CYCLIC KETONES

Benefin 2,4-Dinitrotoluene
Butralin 2,6-Dinitrotoluene
1-Chloro-2,4-dinitrobenzene Isopropalin
1-Chloro-3,4-dinitrobenzene 1,2-Naphthoquinone
1-Chloro-2-nitrobenzene 1,4-Naphthoquinone
1-Chloro-4-nitrobenzene Nitrobenzene
2-Chloro-6-nitrotoluene 2-Nitrotoluene
4-Chloro-2-nitrotoluene 3-Nitrotoluene
4-Chloro-3-nitrotoluene 4-Nitrotoluene
2,3-Dichloronitrobenzene Penoxalin [Pendimethalin]
2,4-Dichloronitrobenzene Pentachloronitrobenzene
3,5-Dichloronitrobenzene Profluralin
3,4-Dichloronitrobenzene 2,3,4,5-Tetrachloronitrobenzene
2,5-Dichloronitrobenzene 2,3,5,6-Tetrachloronitrobenzene
Dinitramine 1,2,3-Trichloro-4-nitrobenzene
1,2-Dinitrobenzene 1,2,4-Trichloro-5-nitrobenzene
1,3-Dinitrobenzene 2,4,6-Trichloronitrobenzene
1,4-Dinitrobenzene Trifluralin
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TABLE 2-14
METHOD 8100 - POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene Dibenz(a,h)anthracene
Acenaphthylene 7H-Dibenzo(c,g)carbazole
Anthracene Dibenzo(a,e)pyrene
Benz(a)anthracene Dibenzo(a,h)pyrene
Benzo(b)fluoranthene Dibenzo(a,i)pyrene
Benzo(j)fluoranthene Fluoranthene
Benzo(k)fluoranthene Fluorene
Benzo(g,h,i)perylene Indeno(1,2,3-cd)pyrene
Benzo(a)pyrene 3-Methylcholanthrene
Chrysene Naphthalene
Dibenz(a,h)acridine Phenanthrene
Dibenz(a,j)acridine Pyrene

TABLE 2-15
METHOD 8111 (GC) - HALOETHERS

Bis(2-chloroethoxy)methane 2,3-Dichlorophenyl 4-nitrophenyl 
Bis(2-chloroethyl) ether   ether
Bis(2-chloroisopropyl) ether 3,4-Dichlorophenyl 4-nitrophenyl 
4-Bromophenyl phenyl ether   ether
4-Chlorophenyl phenyl ether 4-Nitrophenyl phenyl ether
2-Chlorophenyl 4-nitrophenyl ether 2,4,6-Trichlorophenyl 4-nitrophenyl 
3-Chlorophenyl 4-nitrophenyl ether   ether
4-Chlorophenyl 4-nitrophenyl ether 2,3,6-Trichlorophenyl 4-nitrophenyl 
2,4-Dibromophenyl 4-nitrophenyl   ether
  ether 2,3,5-Trichlorophenyl 4-nitrophenyl
2,4-Dichlorophenyl 3-methyl-4-   ether
  nitrophenyl ether 2,4,5-Trichlorophenyl 4-nitrophenyl 
2,6-Dichlorophenyl 4-nitrophenyl   ether
  ether 3,4,5-Trichlorophenyl 4-nitrophenyl 
3,5-Dichlorophenyl 4-nitrophenyl   ether
  ether 2,3,4-Trichlorophenyl 4-nitrophenyl   ether
2,5-Dichlorophenyl 4-nitrophenyl 
  ether
2,4-Dichlorophenyl 4-nitrophenyl 
  ether
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TABLE 2-16
METHOD 8121 (GC) - CHLORINATED HYDROCARBONS

Benzal chloride *-Hexachlorocyclohexane
Benzotrichloride   [*-BHC]
Benzyl chloride (-Hexachlorocyclohexane [(-BHC]
2-Chloronaphthalene Hexachlorocyclopentadiene
1,2-Dichlorobenzene Hexachloroethane
1,3-Dichlorobenzene Pentachlorobenzene
1,4-Dichlorobenzene 1,2,3,4-Tetrachlorobenzene
Hexachlorobenzene 1,2,3,5-Tetrachlorobenzene
Hexachlorobutadiene 1,2,4,5-Tetrachlorobenzene
"-Hexachlorocyclohexane 1,2,3-Trichlorobenzene
  ["-BHC] 1,2,4-Trichlorobenzene
$-Hexachlorocyclohexane 1,3,5-Trichlorobenzene
  [$-BHC]

TABLE 2-17
METHOD 8131 (GC) - ANILINE AND SELECTED DERIVATIVES

Aniline 2,6-Dibromo-4-nitroaniline
4-Bromoaniline 3,4-Dichloroaniline
2-Bromo-6-chloro-4-nitroanilne 2,6-Dichloro-4-nitroaniline
2-Bromo-4,6-dintroaniline 2,4-Dinitroaniline
2-Chloroaniline 2-Nitroaniline
3-Chloroaniline 3-Nitroaniline
4-Chloroaniline 4-Nitroaniline
2-Chloro-4,6-dinitroaniline 2,4,6-Trichloroaniline
2-Chloro-4-nitroaniline 2,4,5-Trichloroaniline
4-Chloro-2-nitroaniline
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TABLE 2-18
METHOD 8141 (GC) - ORGANOPHOSPHORUS COMPOUNDS

   Aspon Fenthion
   Atrazine Fonophos
   Azinphos-ethyl Hexamethylphosphoramide (HMPA)
   Azinphos-methyl Leptophos
   Bolstar (Sulprofos)    Malathion
   Carbophenothion   Merphos
   Chlorofenvinphos Mevinphos
   Chlorpyrifos     Monocrotophos
   Chlorpyrifos methyl Naled
   Coumaphos           Parathion, ethyl
   Crotoxyphos Parathion, methyl
   Demeton-O, and -S Phorate
   Diazinon Phosmet
   Dichlorofenthion Phosphamidon
   Dichlorvos (DDVP) Ronnel
   Dicrotophos Simazine
   Dimethoate Stirophos (Tetrachlorvinphos)
   Dioxathion Sulfotepp
   Disulfoton TEPP
   EPN      Terbufos
   Ethion Thionazin (Zinophos)
   Ethoprop Tokuthion (Prothiophos)
   Famphur Trichlorfon
   Fenitrothion Trichloronate
   Fensulfothion Tri-o-cresylphosphate (TOCP)

TABLE 2-19
METHOD 8151 (GC USING METHYLATION OR PENTAFLUOROBENZYLATION

DERIVATIZATON) - CHLORINATED HERBICIDES

Acifluorfen Dicamba MCPP
Bentazon 3,5-Dichlorobenzoic 4-Nitrophenol
Chloramben    acid Pentachlorophenol
2,4-D Dichloroprop Picloram
Dalapon Dinoseb 2,4,5-TP (Silvex)
2,4-DB 5-Hydroxydicamba    2,4,5-T
DCPA diacid MCPA
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TABLE 2-20
METHOD 8260 (GC/MS)- VOLATILE ORGANIC COMPOUNDS

Acetone Dibromomethane Methylene chloride
Acetonitrile 1,2-Dichlorobenzene Methyl acrylate
Acrolein (Propenal) 1,3-Dichlorobenzene Methyl methacrylate
Acrylonitrile 1,4-Dichlorobenzene 4-Methyl-2-pentanone      
Allyl alcohol cis-1,4-Dichloro- (MIBK)
Allyl chloride    2-butene Naphthalene
Benzene trans-1,4-Dichloro-2-          Nitrobenzene
Benzyl chloride butene 2-Nitropropane
Bis(2-chloroethyl)- Dichlorodifluoromethane N-Nitroso-di-n-
  sulfide 1,1-Dichloroethane   butylamine
Bromoacetone 1,2-Dichloroethane Paraldehyde
Bromobenzene 1,1-Dichloroethene Pentachloroethane
Bromochloromethane cis-1,2-Dichloroethene Pentafluorobenzene
Bromodichloromethane trans-1,2-Dichloro- 2-Pentanone
4-Bromofluorobenzene    ethene 2-Picoline
Bromoform 1,2-Dichloropropane 1-Propanol
Bromomethane 1,3-Dichloropropane 2-Propanol
n-Butanol 2,2-Dichloropropane Propargyl alcohol
2-Butanone (MEK) 1,3-Dichloro-2-propanol ß-Propiolactone
t-Butyl alcohol 1,1-Dichloropropene Propionitrile (Ethyl
n-Butylbenzene cis-1,3-Dichloropropene   cyanide)
sec-Butylbenzene trans-1,3-Dichloro- n-Propylamine
tert-Butylbenzene    propene n-Propylbenzene
Carbon disulfide 1,2,3,4-Diepoxybutane Pyridine
Carbon tetrachloride Diethyl ether Styrene
Chloral hydrate 1,4-Difluorobenzene 1,1,1,2-Tetrachloro- 
Chloroacetonitrile 1,4-Dioxane    ethane
Chlorobenzene Epichlorohydrin 1,1,2,2-Tetrachloro-
1-Chlorobutane Ethanol   ethane
Chlorodibromomethane Ethyl acetate Tetrachloroethene
Chloroethane Ethylbenzene Toluene
2-Chloroethanol Ethylene oxide o-Toluidine
2-Chloroethyl vinyl Ethyl methacrylate 1,2,3-Trichlorobenzene
  ether Fluorobenzene 1,2,4-Trichlorobenzene
Chloroform Hexachlorobutadiene 1,1,1-Trichloroethane
1-Chlorohexane Hexachloroethane 1,1,2-Trichloroethane
Chloromethane 2-Hexanone Trichloroethene
Chloroprene 2-Hydroxypropionitrile Trichlorofluoromethane
3-Chloropropionitrile Iodomethane 1,2,3-Trichloropropane
2-Chlorotoluene Isobutyl alcohol 1,2,4-Trimethylbenzene
4-Chlorotoluene Isopropylbenzene 1,3,5-Trimethylbenzene
Crotonaldehyde p-Isopropyltoluene Vinyl acetate
1,2-Dibromo-3- Malononitrile Vinyl chloride
  chloropropane Methacrylonitrile o-Xylene
1,2-Dibromoethane Methanol m-Xylene
Dibromofluoromethane Methyl-t-butyl ether p-Xylene
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TABLE 2-21
METHOD 8270 (GC/MS) - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene Bromoxynil 1,3-Dichlorobenzene
Acenaphthylene Butyl benzyl phthalate 1,4-Dichlorobenzene
Acetophenone Captafol 3,3'-Dichlorobenzidine
2-Acetylaminofluorene Captan 2,4-Dichlorophenol
1-Acetyl-2-thiourea Carbaryl 2,6-Dichlorophenol
Aldrin Carbofuran Dichlorovos
2-Aminoanthraquinone Carbophenothion Dicrotophos
Aminoazobenzene Chlordane (NOS) Dieldrin
4-Aminobiphenyl Chlorfenvinphos Diethyl phthalate
3-Amino-9-ethyl- 4-Chloroaniline Diethylstilbestrol
  carbazole Chlorobenzilate Diethyl sulfate
Anilazine 5-Chloro-2-methyl- Dihydrosaffrole
Aniline   aniline Dimethoate
o-Anisidine 4-Chloro-3-methylphenol 3,3'-Dimethoxybenzidine
Anthracene 3-(Chloromethyl)- Dimethylaminoazobenzene
Aramite   pyridine hydro- 7,12-Dimethylbenz(a)-
Aroclor-1016   chloride   anthracene
Aroclor-1221 1-Chloronaphthalene 3,3'-Dimethylbenzidine
Aroclor-1232 2-Chloronaphthalene ","-Dimethylphenethyl-
Aroclor-1242 2-Chlorophenol   amine
Aroclor-1248 4-Chloro-1,2-phenylene- 2,4-Dimethylphenol
Aroclor-1254   diamine Dimethyl phthalate
Aroclor-1260 4-Chloro-1,3-phenylene- 1,2-Dinitrobenzene
Azinphos-methyl   diamine 1,3-Dinitrobenzene
Barban 4-Chlorophenyl phenyl 1,4-Dinitrobenzene
Benz(a)anthracene   ether 4,6-Dinitro-2-methyl-
Benzidine Chrysene   phenol
Benzo(b)fluoranthene Coumaphos 2,4-Dinitrophenol
Benzo(k)fluoranthene p-Cresidine 2,4-Dinitrotoluene
Benzoic acid Crotoxyphos 2,6-Dinitrotoluene
Benzo(g,h,i)perylene 2-Cyclohexyl-4,6- Dinocap
Benzo(a)pyrene   dinitrophenol Dinoseb
p-Benzoquinone 4,4'-DDD Dioxathion
Benzyl alcohol 4,4'-DDE Diphenylamine
"-BHC 4,4'-DDT 5,5-Diphenylhydantoin
$-BHC Demeton-O 1,2-Diphenylhydrazine
*-BHC Demeton-S Di-n-octyl phthalate
(-BHC (Lindane) Diallate (cis or trans) Disulfoton
Bis(2-chloroethoxy)- 2,4-Diaminotoluene Endosulfan I
  methane Dibenz(a,j)acridine Endosulfan II
Bis(2-chloroethyl) Dibenz(a,h)anthracene Endosulfan sulfate
  ether Dibenzofuran Endrin
Bis(2-chloroisopropyl) Dibenzo(a,e)pyrene Endrin aldehyde
  ether 1,2-Dibromo-3- Endrin ketone
Bis(2-ethylhexyl)   chloropropane EPN
  phthalate Di-n-butyl phthalate Ethion
4-Bromophenyl phenyl Dichlone Ethyl carbamate
  ether 1,2-Dichlorobenzene Ethyl methanesulfonate
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Famphur Naphthalene Phosphamidion
Fensulfothion 1,4-Naphthoquinone Phthalic anhydride
Fenthion 1-Naphthylamine 2-Picoline
Fluchloralin 2-Naphthylamine Piperonyl sulfoxide
Fluoranthene Nicotine Pronamide
Fluorene 5-Nitroacenaphthene Propylthiouracil
2-Fluorobiphenyl 2-Nitroaniline Pyrene
2-Fluorophenol 3-Nitroaniline Pyridine
Heptachlor 4-Nitroaniline Resorcinol
Heptachlor epoxide 5-Nitro-o-anisidine Safrole
Hexachlorobenzene Nitrobenzene Strychnine
Hexachlorobutadiene 4-Nitrobiphenyl Sulfallate
Hexachlorocyclo- Nitrofen Terbufos
  pentadiene 2-Nitrophenol 1,2,4,5-Tetrachloro
Hexachloroethane 4-Nitrophenol   benzene
Hexachlorophene Nitroquinoline-1-oxide 2,3,4,6-Tetrachloro-
Hexachloropropene N-Nitrosodi-n-   phenol
Hexamethylphosphoramide   butylamine Tetrachlorvinphos
Hydroquinone N-Nitrosodiethylamine Tetraethyl dithio- 
Indeno(1,2,3-cd)pyrene N-Nitrosodimethylamine   pyrophosphate
Isodrin N-Nitrosodiphenylamine Tetraethyl
Isophorone N-Nitrosodi-n-propyl-   pyrophosphate
Isosafrole   amine Thionazine
Kepone N-Nitrosomethylethyl- Thiophenol
Leptophos   amine   (Benzenethiol)
Malathion N-Nitrosomorpholine Toluene diisocyanate
Maleic anhydride N-Nitrosopiperidine o-Toluidine
Mestranol N-Nitrosopyrrolidine Toxaphene
Methapyrilene 5-Nitro-o-toluidine 2,4,6-Tribromophenol
Methoxychlor Octamethyl pyrophos- 1,2,4-Trichlorobenzene
3-Methylcholanthrene   phoramide 2,4,5-Trichlorophenol
4,4'-Methylenebis- 4,4'-Oxydianiline 2,4,6-Trichlorophenol
  (2-chloroaniline) Parathion O,O,O-Triethyl
4,4'-Methylenebis- Pentachlorobenzene   phosphorothioate
  (N,N-dimethylaniline) Pentachloronitrobenzene Trifluralin
Methyl methanesulfonate Pentachlorophenol 2,4,5-Trimethylaniline
2-Methylnaphthalene Phenacetin Trimethyl phosphate
Methyl parathion Phenanthrene 1,3,5-Trinitrobenzene
2-Methylphenol Phenobarbital Tris(2,3-dibromopropyl)
3-Methylphenol Phenol   phosphate
4-Methylphenol 1,4-Phenylenediamine Tri-p-tolyl phosphate
Mevinphos Phorate
Mexacarbate Phosalone
Mirex Phosmet
Monocrotophos
Naled
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TABLE 2-22
METHOD 8275 (TE/GC/MS) - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene Pyrene 2,3',4,4',5-Penta-
Acenaphthylene 1,2,4-Trichlorobenzene   chlorobiphenyl
Anthracene 2-Chlorobiphenyl 2,2',3,4,4',5'-
Benz(a)anthracene 3,3'-Dichlorobiphenyl   Hexachlorobiphenyl
Benzo(a)pyrene 2,2',5-Trichloro- 2,2',3,3',4,4'-
Benzo(b)fluoranthene   biphenyl   Hexachlorobiphenyl
Benzo(g,h,i)perylene 2,3',5-Trichloro- 2,2',3,4',5,5',6-
Benzo(k)fluoranthene   biphenyl   Heptachlorobiphenyl
4-Bromophenyl phenyl ether 2,4',5-Trichloro- 2,2',3,4,4',5,5'-
1-Chloronaphthalene   biphenyl   Heptachlorobiphenyl
Chrysene 2,2',5,5'-Tetrachloro- 2,2',3,3',4,4',5-
Dibenzofuran   biphenyl   Heptachlorobiphenyl
Dibenz(a,h)anthracene 2,2'4,5'-Tetrachloro- 2,2',3,3',4,4',5,5'-
Dibenzothiophene   biphenyl   Octachlorobiphenyl
Fluoranthene 2,2'3,5'-Tetrachloro- 2,2',3,3'4,4',5,5',6-
Fluorene   biphenyl   Nonachlorobiphenyl
Hexachlorobenzene 2,3',4,4'-Tetrachloro- 2,2',3,3'4,4',5,5',6,6'-
Indeno(1,2,3-cd)pyrene   biphenyl   Decachlorobiphenyl
Naphthalene 2,2',4,5,5'-Penta-  
Phenanthrene   chlorobiphenyl

TABLE 2-23
METHODS 8280 (HRGC/LRMS) AND 8290 (HRGC/HRMS) - 

POLYCHLORINATED DIBENZO-p-DIOXINS (PCDDs)
AND POLYCHLORINATED DIBENZOFURANS (PCDFs)

2,3,7,8-TCDD HpCDD, total* 1,2,3,7,8,9-HxCDF
TCDD, total* OCDD 2,3,4,6,7,8-HxCDF
1,2,3,7,8-PeCDD 2,3,7,8-TCDF HxCDF, total*
PeCDD, total* TCDF, total* 1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8-HxCDD 1,2,3,7,8-PeCDF 1,2,3,4,7,8,9-HpCDF
1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF HpCDF, total*
1,2,3,7,8,9-HxCDD PeCDF, total* OCDF
HxCDD, total* 1,2,3,4,7,8-HxCDF
1,2,3,4,6,7,8-HpCDD 1,2,3,6,7,8-HxCDF

*  Analyte of only Method 8280.
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TABLE 2-24
METHOD 8310 (HPLC) - POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene Chrysene
Acenaphthylene Dibenzo(a,h)anthracene
Anthracene Fluoranthene
Benzo(a)anthracene Fluorene
Benzo(a)pyrene Indeno(1,2,3-cd)pyrene
Benzo(b)fluoranthene Naphthalene
Benzo(g,h,i)perylene Phenanthrene
Benzo(k)fluoranthene Pyrene

TABLE 2-25
METHOD 8315 - CARBONYL COMPOUNDS

  Acetaldehyde Hexanal (Hexaldehyde)
  Acetone Isovaleraldehyde
  Acrolein Nonanal
  Benzaldehyde Octanal
  Butanal (Butyraldehyde) Pentanal (Valeraldehyde)
  Crotonaldehyde Propanal
  Cyclohexanone   (Propionaldehyde)
  Decanal m-Tolualdehyde
  2,5-Dimethylbenzaldehyde o-Tolualdehyde
  Formaldehyde p-Tolualdehyde
  Heptanal
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TABLE 2-26
METHOD 8316 (HPLC)

Acrylamide
Acrylonitrile

Acrolein

TABLE 2-27
METHOD 8318 (HPLC) - N-METHYLCARBAMATES

Aldicarb (Temik)
Aldicarb sulfone
Carbaryl (Sevin)

Carbofuran (Furadan)
Dioxacarb

3-Hydroxycarbofuran
Methiocarb (Mesurol)
Methomyl (Lannate)

Promecarb
Propoxur (Baygon)
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TABLE 2-28.  METHOD 8321 (HPLC/TS/MS) - NONVOLATILE ORGANIC COMPOUNDS

Azo Dyes Anthraquinone Dyes
Disperse Red 1
Disperse Red 5 Disperse Blue 3
Disperse Red 13 Disperse Blue 14
Disperse Yellow 5 Disperse Red 60
Disperse Orange 3 Coumarin Dyes
Disperse Orange 30
Disperse Brown 1 Fluorescent Brighteners
Solvent Red 3
Solvent Red 23 Fluorescent Brightener 61

Chlorinated Phenoxyacid Compounds
2,4-D
2,4-D, butoxyethanol ester Carbamates
2,4-D, ethylhexyl ester
2,4-DB Aldicarb
Dalapon Aldicarb sulfone
Dicamba Aldicarb sulfoxide
Dichlorprop Aminocarb
Dinoseb Barban
MCPA Benomyl
MCPP Bromacil
Silvex (2,4,5-TP) Bendiocarb
2,4,5-T Carbaryl
2,4,5-T, butyl ester Carbendazim
2,4,5-T, butoxyethanol ester Carbofuran

Alkaloids Chloroxuron
Strychnine Chloropropham
Caffeine Diuron

Organophosphorus Compounds Fluometuron
Asulam Linuron
Fensulfothion Methiocarb
Dichlorvos Methomyl
Dimethoate Mexacarbate
Disulfoton Monuron
Merphos Neburon
Methomyl Oxamyl
Methyl parathion Propachlor
Monocrotophos Propham
Famphur Propoxur
Naled Siduron
Phorate Tebuthiuron
Trichlorfon
Thiofanox
Tris(2,3-dibromopropyl) phosphate
   (Tris-BP)

Fluorescent Brightener 236

3-Hydroxycarbofuran

Fenuron
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TABLE 2-29
METHOD 8325 (HPLC/PB/MS) - NONVOLATILE ORGANIC COMPOUNDS

Benzidine 3,3'-Dimethylbenzidine
Benzoylprop ethyl Diuron
Carbaryl Linuron (Lorox)
o-Chlorophenyl thiourea Monuron
3,3'-Dichlorobenzidine Rotenone
3,3'-Dimethoxybenzidine Siduron

TABLE 2-30
METHOD 8330 (HPLC) - NITROAROMATICS AND NITRAMINES

4-Amino-2,6-dinitrotoluene Nitrobenzene (NB)
  (4-Am-DNT) 2-Nitrotoluene (2-NT)
2-Amino-4,6-dinitrotoluene 3-Nitrotoluene (3-NT)
  (2-Am-DNT) 4-Nitrotoluene (4-NT)
1,3-Dinitrobenzene (1,3-DNB) Octahydro-1,3,5,7-tetranitro-
2,4-Dinitrotoluene (2,4-DNT)   1,3,5,7-tetrazocine (HMX)
2,6-Dinitrotoluene (2,6-DNT) 1,3,5-Trinitrobenzene (1,3,5-TNB)
Hexahydro-1,3,5-trinitro- 2,4,6-Trinitrotoluene (2,4,6-TNT)
  1,3,5-triazine (RDX)
Methyl-2,4,6-trinitrophenyl-
  nitramine (Tetryl)

TABLE 2-31
METHOD 8331 (REVERSE PHASE HPLC)

Tetrazene

TABLE 2-32
METHOD 8332 (HPLC)

Nitroglycerine
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TABLE 2-33
METHOD 8410 - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene 2,6-Dinitrotoluene
Acenaphthylene Di-n-octyl phthalate
Anthracene Di-n-propyl phthalate
Benzo(a)anthracene Fluoranthene
Benzo(a)pyrene Fluorene         
Benzoic acid Hexachlorobenzene      
Bis(2-chloroethoxy)methane 1,3-Hexachlorobutadiene  
Bis(2-chloroethyl) ether Hexachlorocyclopentadiene
Bis(2-chloroisopropyl) ether Hexachloroethane   
Bis(2-ethylhexyl) phthalate Isophorone            
4-Bromophenyl phenyl ether 2-Methylnaphthalene
Butyl benzyl phthalate 2-Methylphenol            
4-Chloroaniline 4-Methylphenol    
4-Chloro-3-methylphenol Naphthalene       
2-Chloronaphthalene 2-Nitroaniline    
2-Chlorophenol 3-Nitroaniline      
4-Chlorophenol 4-Nitroaniline
4-Chlorophenyl phenyl ether Nitrobenzene
Chrysene 2-Nitrophenol
Dibenzofuran 4-Nitrophenol         
Di-n-butyl phthalate N-Nitrosodimethylamine
1,2-Dichlorobenzene N-Nitrosodiphenylamine    
1,3-Dichlorobenzene N-Nitroso-di-n-propylamine
1,4-Dichlorobenzene Pentachlorophenol
2,4-Dichlorophenol Phenanthrene
Diethyl phthalate Phenol
Dimethyl phthalate Pyrene                
4,6-Dinitro-2-methylphenol 1,2,4-Trichlorobenzene
2,4-Dinitrophenol 2,4,5-Trichlorophenol
2,4-Dinitrotoluene 2,4,6-Trichlorophenol

TABLE 2-34
METHOD 8430 (GC/FT-IR) - BIS(2-CHLOROETHYL) ETHER 

AND ITS HYDROLYSIS PRODUCTS

Bis(2-chloroethyl) ether
2-Chloroethanol

2-(2-Chloroethoxy)ethanol
Diethylene glycol
Ethylene glycol
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TABLE 2-35
ANALYSIS METHODS FOR INORGANIC ANALYTES

                                                                                                                                                      
                                                                           
Compound Applicable Method(s)
                                                                                                                                                      
Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6010, 6020, 7020
Antimony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7040, 7041, 7062
Arsenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7060, 7061, 7062, 7063
Barium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7080, 7081
Beryllium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7090, 7091
Bromide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056, 9211
Cadmium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7130, 7131
Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7140
Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056, 9057, 9212, 9250, 9251, 9253
Chromium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7190, 7191
Chromium, hexavalent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7195, 7196, 7197, 7198, 7199
Cobalt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7200, 7201
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7210, 7211
Cyanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9010, 9012, 9013, 9213
Fluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056, 9214
Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7380, 7381
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7420, 7421
Lithium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7430
Magnesium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7450
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7460, 7461
Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7470, 7471, 7472
Molybdenum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7480, 7481
Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7520, 7521
Nitrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056, 9210
Nitrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056
Osmium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7550
Phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9056
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010
Phosphorus, white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7580
Potassium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7610
Selenium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7740, 7741, 7742
Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7760, 7761
Sodium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7770
Strontium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7780
Sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9035, 9036, 9038, 9056
Sulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9030, 9031, 9215
Thallium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7840, 7841
Tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7870
Vanadium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 7910, 7911
Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6010, 6020, 7950, 7951
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TABLE 2-36
CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES

FOR AQUEOUS MATRICESA

Name Container Preservation Maximum holding time1

Inorganic Tests:
  Chloride P, G None required 28 days
  Cyanide, total and P, G Cool to 4 C; if oxidizing 14 days
    amenable agents present add 5 mL
    to chlorination 0.1N NaAsO  per L or

o

2

0.06 g of ascorbic acid
per L; adjust pH>12 with
50% NaOH.
See Method 9010 for
other interferences.

  Hydrogen ion (pH) P, G None required 24 hours
  Nitrate P, G Cool to 4 C 48 hourso

  Sulfate P, G Cool to 4 C 28 dayso

  Sulfide P, G Cool to 4 C, add zinc 7 dayso

acetate
                     

Metals:
  Chromium VI P, G Cool to 4 C 24 hourso

  Mercury P, G HNO  to pH<2 28 days3

  Metals, except chromium VI P, G HNO  to pH<2 6 months
    and mercury

3

Organic Tests:
  Acrolein and acrylonitrile G, PTFE-lined Cool to 4 C, 14 days

 septum 0.008% Na S O ,

o

2 2 3
3

Adjust pH to 4-5
  Benzidines G, PTFE-lined Cool to 4 C, 7 days until extraction, 

cap 0.008% Na S O3 40 days after extraction

o

2 2
3

  Chlorinated hydrocarbons G, PTFE-lined Cool to 4 C, 7 days until extraction, 
cap 0.008% Na S O 40 days after extraction

o

2 2 3
3

  Dioxins and Furans G, PTFE-lined Cool to 4 C, 30 days until extraction, 
cap 0.008% Na S O 45 days after extraction

o

2 2 3
3

  Haloethers G, PTFE-lined Cool to 4 C, 7 days until extraction, 
cap 0.008% Na S O 40 days after extraction

o

2 2 3
3

  Nitroaromatics and G, PTFE-lined Cool to 4 C, 7 days until extraction, 
   cyclic ketones cap 0.008% Na S O , 40 days after extraction

o

2 2 3
3

store in dark
  Nitrosamines G, PTFE-lined Cool to 4 C, 7 days until extraction, 

cap 0.008% Na S O , 40 days after extraction

o

2 2 3
3

store in dark

(continued on next page)
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Name Container Preservation Maximum holding time1
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  Oil and grease G Cool to 4 C, 28 dayso

add 5 mL diluted HCl
  Organic carbon, total (TOC) P, G Cool to 4 C, 28 dayso

store in dark2

  Organochlorine pesticides G, PTFE-lined Cool to 4 C 7 days until extraction, 
 cap 40 days after extraction
  Organophosphorus Cool to 4 C 7 days until extraction, 
    pesticides G, PTFE-lined 40 days after extraction
  cap

o

o 4

  PCBs G, PTFE-lined Cool to 4 C 7 days until extraction, 
cap 40 days after extraction

o

  Phenols G, PTFE-lined Cool to 4 C, 7 days until extraction, 
cap 0.008% Na S O3 40 days after extraction

o

2 2
3

  Phthalate esters G, PTFE-lined Cool to 4 C 7 days until extraction, 
cap 40 days after extraction

o

  Polynuclear aromatic G, PTFE-lined Cool to 4 C, 7 days until extraction, 
   hydrocarbons cap 0.008% Na S O , 40 days after extraction

o

2 2 3
3

store in dark
  Purgeable aromatic G, PTFE-lined   Cool to 4 C, 14 days
   hydrocarbons septum 0.008% Na S O

o

2 2 3
2,3

  Purgeable Halocarbons G, PTFE-lined Cool to 4 C, 14 days
    septum 0.008% Na S O

o

2 2 3
3

  Total organic halides (TOX) G, PTFE-lined Cool to 4 C, Adjust to 28 days
cap pH<2 with H SO

o

2 4

Radiological Tests:
  Alpha, beta and radium P, G HNO  to pH<2 6 months3

Table originally excerpted, in part, from Table II, 49 FR 28, October 26, 1984, and revised as appropriateA

for SW-846.  See Chapter Three, Chapter Four, or Section 6.0 of the individual methods for more
information.
Polyethylene (P) or Glass (G)1

Adjust to pH<2 with H SO , HCl or solid NaHSO .  Free chlorine must be removed prior to adjustment.2
2 4     4

Free chlorine must be removed by the appropriate addition of Na S O .3
2 2 3

Adjust samples to  pH 5-8 using NaOH or H SO4
2 4.
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TABLE 2-37.  
PREPARATION METHODS FOR ORGANIC ANALYTES

(Note:  Footnote text is located on the last page of the table.)

Matrix

Analyte Type Aqueous Solids Emulsions Liquids,1
Sludges and Organic

1,2

Tars, Oils

Acid Extractable 3510 3540 3520 3650
3520 3541 (pH # 2) 3580

(pH # 2) 3545
3550

3

Acrolein, Acrylonitrile, and 5031 5031 5031 3585
Acetonitrile

Acrylamide 80324

Aniline and Selected Derivatives 3510 3540 3520 3580
3520 3541 (pH >11)  

(pH >11) 3545
5031 355011

3

Aromatic Volatiles 5021 5021 5030 3585
5030 5032 5032
5032 5035

Base/Neutral Extractable 3510 3540 3520 3650
3520 3541 (pH >11) 3580

(pH >11) 3545
3550

3

Carbamates 8318 8318 8318 83185

8321 8321

5 5 5

Chlorinated Herbicides 8151 8151 8151 35806

(pH # 2) 8321 (pH # 2)
8321

6 6 3

Chlorinated Hydrocarbons 3510 3540 3520 3580
3520 3541 (pH as

(pH as 3550 recieved)
received)

3

Dyes 3510 3540
3520 3541

3545
3550

Explosives 8330 83307

8331 83318

7

8

Formaldehyde 8315 83159 9



TABLE 2-37
PREPARATION METHODS FOR ORGANIC ANALYTES

(continued)

Matrix

Analyte Type Aqueous Solids Emulsions Liquids,1
Sludges and Organic

1,2

Tars, Oils
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Haloethers 3510 3540
3520 3541

3545
3550

Halogenated Volatiles 5021 5021 5030 3585
5030 5032
5032 5035

Nitroaromatic and Cyclic 3510 3540 3520 3580
Ketones 3520 3541 (pH 5-9)

(pH 5-9) 3545
3550

3

Nitrosamines 3510 3540
3520 3541

3545
3550

Non-halogenated Volatiles 5021 5021 5021 5032
5031 5031 5031 3585
5032 5032 5032

Organochlorine Pesticides 3510 3540 3520 3580
3520 3541 (pH 5-9)
3535 3545

(pH 5-9) 3550

3

Organophosphorus Pesticides 3510 3540 3520 3580
3520 3541 (pH 5-8)

(pH 5-8) 3545

3

Phenols 3510 3540 3520 3650
3520 3541 (pH # 2) 3580

(pH # 2) 3545
3550

3

Phthalate Esters 3510 3540 3520 3580
3520 3541 (pH 5- 7)
3535 3545

(pH 5-7) 3550

3

Polychlorinated Biphenyls 3510 3540 3520 3580
3520 3541 (pH 5-9)
3535 3545

(pH 5-9)

3

PCDDs and PCDFs 8280 8280 8280 828010

8290 8290 8290 829010

10

10

10

10

10

10



TABLE 2-37
PREPARATION METHODS FOR ORGANIC ANALYTES

(continued)

Matrix

Analyte Type Aqueous Solids Emulsions Liquids,1
Sludges and Organic

1,2

Tars, Oils
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Polynuclear Aromatic 3510 3540 3520 3580
Hydrocarbons 3520 3541 (pH as

(pH as 3545 received)
received) 3550

3561

3

Volatile Organics 5021 5021 5021 3585
5030 5031 5030
5031 5032 5031
5032 5035 5032

Footnotes for Table 2-37

The pH at which extraction should be performed is shown in parentheses.1

If attempts to break an emulsion are unsuccessful, these methods may be used.2

Method 3580 is only appropriate if the sample is soluble in the specified solvent.3

Method 8032 contains the extraction, cleanup, and determinative procedures for this analyte.4

Method 8318 contains the extraction, cleanup, and determinative procedures for these analytes.5

Method 8151 contains the extraction, cleanup, and determinative procedures for these analytes.6

Method 8330 contains the extraction, cleanup, and determinative procedures for these analytes.7

Method 8331 is for Tetrazene only, and contains the extraction, cleanup, and determinative procedures for8

this analyte.
Method 8315 contains the extraction, cleanup, and determinative procedures for this analyte.9

Methods 8280 and 8290 contain the extraction, cleanup, and determinative procedures for these analytes.10

Method 5031 may be used when only aniline is to be determined.11
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TABLE 2-38.  CLEANUP METHODS FOR ORGANIC ANALYTE EXTRACTS

Analyte Type Method

Acid Extractable 3650, 3640

Base/Neutral Extractable 3650, 3640

Carbamates 83181

Chlorinated Herbicides 81512

Chlorinated Hydrocarbons 3620
3640

Haloethers 3620
3640

Nitroaromatics & Cyclic Ketones 3620
3640

Nitrosamines 3610, 3620, 3640

Organochlorine Pesticides 3620
3630
3640
3660

Organophosphorus Pesticides 3620

Phenols 3630
3640
3650
80413

Phthalate Esters 3610
3611
3620
3640

Polychlorinated Biphenyls 3620
3630
3640
3660
3665

Polychlorinated Dibenzo-p-Dioxins and
Polychlorinated Dibenzofurans

82804

82904

Polynuclear Aromatic Hydrocarbons 3610
3611
3630
3640
3650

Method 8318 contains the extraction, cleanup, and determinative procedures for these analytes.1

Method 8151 contains the extraction, cleanup, and determinative procedures for these analytes.2

Method 8041 includes a dervatization technique followed by GC/ECD analysis, if interferences3

are encountered using GC/FID.
Methods 8280 and 8290 contain the extraction, cleanup, and determinative procedures for these4

analytes.
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TABLE 2-39.  DETERMINATIVE METHODS ORGANIC ANALYTES

Analyte Type Method Method Method
GC/MS Specific GC HPLC

Acid Extractable 8270

Acrolein, Acrylonitrile,  Acetonitrile 8260 8031  8315
 8033 83161

2

Acrylamide 8260 8032 8316

Aniline and Selected Derivatives 8270 8131

Aromatic Volatiles 8260 8021

Base/Neutral Extractable 8270 83254

Carbamates 8318, 8321

Chlorinated Herbicides 8270 8151 83213

Chlorinated Hydrocarbons 8270 8121

Dyes 8321

Explosives 8330,
8331, 8332

Formaldehyde 8315

Haloethers 8270 8111

Halogenated Volatiles 8260 8011, 8021

Nitroaromatics and Cyclic Ketones 8270 8091 83305

Nitrosoamines 8270 8070

Non-halogenated Volatiles 8260 8015 8315

Organochlorine Pesticides 8270 80813

Organophosphorus Pesticides 8270 8141 83213

Phenols 8270 8041

Petroleum Hydrocarbons 8015

Phthalate Esters 8270 8061

Polychlorinated Biphenyls 8270 80823

PCDDs and PCDFs 8280
8290

Polynuclear Aromatic Hydrocarbons 8270 8100 8310

Volatile Organics 8260 8011, 8015, 8315
8021, 8031, 8316
8032, 8033

Of these analytes, Method 8033 is for acetonitrile only.1

Of these analytes, Method 8315 is for acrolein only.2

This method is an alternative confirmation method, not the method of choice. 3

Benzidines and related compounds.4

Nitroaromatics (see "Explosives").5
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FIGURE 2-1
ORGANIC ANALYSIS OPTIONS FOR SOLID AND LIQUID MATRICES
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FIGURE 2-2
SCHEMATIC OF SEQUENCE TO DETERMINE

IF A WASTE IS HAZARDOUS BY CHARACTERISTIC
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FIGURE 2-2
(Continued)
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FIGURE 2-3A
EP

Sample

1310

3010
(7760 Ag)a

6010 7470 3510/3520/3535 8151/8321
Hg Neutral Herbicides

-- As

Ba-- 8081
Pesticides

-- Cd

Cr --

-- Pb

Ag --

-- Se

 The 7760 digestate may be analyzed using Method 6010.a
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FIGURE 2-3B
RECOMMENDED SW-846 METHODS OF ANALYSIS FOR TCLP LEACHATES

Sample

TCLP

3010 3510/3520/ 8260 3510/3520 8151/8321

7760(Ag) Neutral Organics and Basic) idesa

7470
Hg 3535 Volatile (Acidic Herbic-

6010 8081 Semivol-
Pestic-ides atile

8270

Organics

- As

Ba -

- Cd

Cr -

- Pb

Ag -

- Se

 The 7760 digestate may be analyzed using Method 6010.a
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FIGURE 2-4A.
GROUND WATER ANALYSIS:  ORGANIC ANALYTES
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FIGURE 2-4B.
GROUND WATER ANALYSIS:  INDICATOR ANALYTES
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FIGURE 2-4C.
GROUND WATER ANALYSIS:  INORGANIC ANALYTES



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex 3 

ثُِٔقن ثُغـــجُظ 
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CHAPTER THREE

INORGANIC ANALYTES

Prior to employing the methods in this chapter, analysts are advised to consult the disclaimer
statement at the front of this manual and the information in Chapter Two for guidance on the allowed
flexibility in the choice of apparatus, reagents, and supplies.  In addition, unless specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in each procedure is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgements necessary to meet the data
quality objectives or needs for the intended use of the data.

 
3.1  SAMPLING CONSIDERATIONS

3.1.1  Introduction
 

This manual contains procedures for the analysis of inorganic analytes in a variety of matrices.
These methods are written as specific steps in the overall analysis scheme -- sample handling and
preservation, sample digestion or preparation, and sample analysis for specific inorganic
components.  From these methods, the analyst must assemble a total analytical protocol which is
appropriate for the sample to be analyzed and for the information required.  This introduction
discusses the options available in general terms, provides background information on the analytical
techniques, and highlights some of the considerations to be made when selecting a total analysis
protocol.

3.1.2  Definition of Terms
 

Optimum concentration range:  A range, defined by limits expressed in concentration, below
which scale expansion must be used and above which curve correction should be considered.  This
range will vary with the sensitivity of the instrument and the operating conditions employed.
 

Sensitivity:  (a) Atomic Absorption:  The concentration in milligrams of metal per liter that
produces an absorption of 1%; (b) Inductively Coupled Plasma (ICP):  The slope of the analytical
curve, i.e., the functional relationship between emission intensity and concentration.

Method detection limit (MDL):  The minimum concentration of a substance that can be
measured and reported with 99% confidence that the analyte concentration is greater than zero.  The
MDL is determined from analysis of a sample in a given matrix containing the analyte which has
been processed through the preparative procedure.

Total recoverable metals:  The concentration of metals in an unfiltered sample following
treatment with hot dilute mineral acid (Method 3005). 

Dissolved metals:  The concentration of metals determined in a sample after the sample is
filtered through a 0.45-µm filter (Method 3005).
 

Suspended metals:  The concentration of metals determined in the portion of a sample that is
retained by a 0.45-µm filter (Method 3005).
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Total metals:  The concentration of metals determined in a sample following digestion by
Methods 3010, 3015, 3020, 3050, 3051, or 3052.

 Instrument detection limit (IDL):  The concentration equivalent to a signal due to the analyte
which is equal to three times the standard deviation of a series of 7 replicate measurements of a
reagent blank's signal at the same wavelength.
 

Interference check sample (ICS):  A solution containing both interfering and analyte elements
of known concentration that can be used to verify background and inter-element correction factors.

Initial calibration verification (ICV) standard:  A certified or independently prepared solution used
to verify the accuracy of the initial calibration.  For ICP analysis, it must be run at each wavelength
used in the analysis.

Continuing calibration verification (CCV):  Used to assure calibration accuracy during each
analysis run.  It must be run for each analyte as described in the particular analytical method.  At a
minimum, it  should be analyzed at the beginning of the run and after the last analytical sample.  Its
concentration should be at or near the mid-range levels of the calibration curve.

Calibration standards:  A series of known standard solutions used by the analyst for calibration
of the instrument (i.e., preparation of the analytical curve).
 

Linear dynamic range:  The concentration range over which the analytical curve remains linear.
 

Method blank:  A volume of reagent water processed through each sample preparation
procedure.
 

Calibration blank:  A volume of reagent water acidified with the same amounts of acids as were
the standards and samples.
 

Laboratory control standard:  A volume of reagent water spiked with known concentrations of
analytes and carried through the preparation and analysis procedure as a sample.  It is used to
monitor loss/recovery values.

Method of standard addition (MSA):  The standard-addition technique involves the use of the
unknown and the unknown plus  one or more known amounts of standard.  See Method 7000,  for
detailed instructions.
 
 Sample holding time:  The storage time allowed between sample collection and sample analysis
when the designated preservation and storage techniques are employed.

Check Standard: A solution containing a known concentration of analyte derived from externally
prepared test materials.  The check standard is obtained from a source external to the laboratory and
is used to check laboratory performance.
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3.1.3  Sample Handling and Preservation
 
    Sample holding times, digestion volumes and suggested collection volumes are listed in Table
3-1.  The sample volumes required depend upon the number of different digestion procedures
necessary for analysis.  This may be determined by the application of graphite-furnace atomic
absorption spectrometry (GFAA), flame atomic absorption spectrometry (FLAA), inductively coupled
argon plasma emission spectrometry (ICP), hydride-generation atomic absorption spectrometry
(HGAA), inductively coupled plasma mass spectrometry (ICP-MS) or cold-vapor atomic absorption
spectrometry (CVAA) techniques, each of which may require different digestion procedures.  The
indicated volumes in Table 3-1 refer to that  recommended for the individual digestion procedures
and to that recommended for sample collection volumes.  In all cases for waste testing,
representative sampling must be maintained.

In the determination of trace metals, containers can introduce either positive or negative errors
in the measurement of trace metals by (a) contributing contaminants through leaching or surface
desorption, and (b) depleting concentrations through adsorption.  Thus the collection and treatment
of the sample prior to analysis require particular attention.  The following cleaning treatment
sequence has been determined to be adequate to minimize contamination in the sample bottle,
whether borosilicate glass, linear polyethylene, polypropylene, or Teflon:  detergent, tap water, 1:1
nitric acid, tap water, 1:1 hydrochloric acid, tap water, and reagent water.

NOTE: Chromic acid should not be used to clean glassware, especially if chromium is to be
included in the analytical scheme.  Commercial, non-chromate products (e.g., Nochromix) may
be used in place of chromic acid if adequate cleaning is documented by an analytical quality
control program.  (Chromic acid should also not be used with plastic bottles.)  

3.1.4  Safety
 

The toxicity or carcinogenicity of each reagent used in these methods has not been precisely
defined.  However, each chemical compound should be treated as a potential health hazard.  From
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available.  The laboratory is responsible for maintaining a current awareness file
of OSHA regulations regarding the safe handling of the chemicals specified in these methods.  A
reference file of material data-handling sheets should also be made available to all personnel
involved in the chemical analysis.  Additional references to laboratory safety are available.  They are:

1. "Carcinogens - Working with Carcinogens," Department of Health, Education, and Welfare,
Public Health Service, Center for Disease Control, National Institute for Occupational Safety and
Health,  Publication No. 77-206, August 1977.

2.  "OSHA Safety and Health Standards, General Industry," 29 CFR 1910.  
 
3.   "Proposed OSHA Safety and Health Standards, Laboratories," Occupational Safety and Health

Administration, 51 FR 26660, July 24, 1986.

4. "Safety in Academic Chemistry Laboratories," American Chemical Society Publication,
Committee on Chemical Safety.
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TABLE 3-1.  

SAMPLE HOLDING TIMES,  RECOMMENDED DIGESTION VOLUMES AND
 RECOMMENDED COLLECTION VOLUMES FOR INORGANIC 

DETERMINATIONS IN AQUEOUS AND SOLID SAMPLES

Digestion Collection Treatment/
 Volume.  Volume Preservative

Measurement  (mL)   (mL) Holding Timea, c   a,c  b

Inorganic Analytes (except hexavalent chromium and mercury):
Aqueous

Total 100   600 HNO  to pH <23

6 months

Dissolved 100   600 Filter on site;
HNO  to pH <23

6 months

Suspended 100   600 Filter on site
6 months

Solid
Total 2 g   200 g 6 months

Hexavalent Chromium:
Aqueous 100   400 24 hours

Store at 4E± 2EC 
until analyzed

Solid 2.5 g   100 g One month 
to extraction, 4 days
after extraction
Store at 4E± 2EC 
until analyzed

Mercury:
Aqueous

Total 100   400 HNO  to pH <2 3

28 days

Dissolved 100   400 Filter;
HNO  to pH <23

28 days
Solid

Total  0.2 g   200 g 28 days
Store at 4E± 2EC 
until analyzed

Unless stated otherwise.a

Either glass or plastic containers may be used.b

Any sample volume reduction from the reference method’s instructions must be made in the exactc

proportion as described in the method and representative sampling must be maintained.



      Please note that chlorine is an interferant in ICP-MS analyses and its use should be1

discouraged except when absolutely necessary.
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3.2  SAMPLE PREPARATION METHODS

The methods in SW-846 for sample digestion or preparation are as follows :1

 
Method 3005 prepares ground water and surface water samples for total recoverable and

dissolved metal determinations by FLAA, ICP-AES, or ICP-MS.  The unfiltered or filtered sample is
heated with dilute HCl and HNO  prior to metal determination.3

Method 30l0 prepares waste samples for total recoverable metal determinations by FLAA, ICP-
AES, or ICP-MS.  The samples are vigorously digested with nitric acid followed by dilution with
hydrochloric acid.  The method is applicable to aqueous samples, EP and mobility-procedure
extracts.

Method 3015 prepares aqueous samples, mobility-procedure extracts, and wastes that contain
suspended solids for total recoverable metal determinations by FLAA, GFAA, ICP-AES, or ICP-MS.
Nitric acid is added to the sample in a Teflon digestion vessel and heated in a microwave unit prior
to metals determination.

Method 3020 prepares waste samples for total recoverable metals determinations by furnace
GFAA or ICP-MS.  The samples are vigorously digested with nitric acid followed by dilution with nitric
acid.  The method is applicable to aqueous samples, EP and mobility-procedure extracts.

Method 3031 prepares waste oils, oil sludges, tars, waxes, paints, paint sludges and other
viscous petroleum products for analysis by FLAA, GFAA, and ICP-AES.  The samples are vigorously
digested with nitric acid, sulfuric acid, hydrochloric acid, and potassium permanganate prior to
analysis.
 

Method 3040 prepares oily waste samples for determination of soluble metals by FLAA, GFAA,
and ICP-AES methods.  The samples are dissolved and diluted in organic solvent prior to analysis.
The method is applicable to the organic extract in the oily waste EP procedure and other samples
high in oil, grease, or wax content.
 

Method 3050 prepares waste samples for total recoverable metals determinations by FLAA and
ICP-AES, or GFAA and ICP-MS depending on the options chosen.  The samples are vigorously
digested in nitric acid and hydrogen peroxide followed by dilution with either nitric or hydrochloric
acid.  The method is applicable to soils, sludges, and solid waste samples.

Method 3051 prepares sludges, sediments, soils and oils for total recoverable metal
determinations by FLAA, GFAA, ICP-AES or ICP-MS.  Nitric acid is added to the representative
sample in a fluorocarbon digestion vessel and heated in a microwave unit prior to metals
determination. 

Method 3052 prepares siliceous and organically based matrices including ash, biological tissue,
oil, oil contaminated soil, sediment, sludge, and soil for total analysis by FLAA, CVAA, GFAA, ICP-
AES, and ICP-MS.  Nitric acid and hydrofluoric acid are added to a representative sample in a
fluorocarbon digestion vessel and heated in a microwave unit prior to analysis.
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Prior to employing the above methods in this chapter, analysts are advised to consult the disclaimer
statement at the front of this manual and the information in Chapter Two for guidance on the allowed
flexibility in the choice of apparatus, reagents, and supplies.  In addition, unless specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements. The information contained in each procedure is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgements necessary to meet the data
quality objectives or needs for the intended use of the data.
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3.3  METHODS FOR DETERMINATION OF INORGANIC ANALYTES

This section of the manual contains seven analytical techniques for trace inorganic analyte
determinations: inductively coupled argon plasma atomic emission spectrometry (ICP-AES),
inductively coupled plasma mass spectrometry (ICP-MS), direct-aspiration or flame atomic
absorption spectrometry (FLAA), graphite-furnace atomic absorption spectrometry (GFAA), hydride-
generation atomic absorption spectrometry (HGAA), cold-vapor atomic absorption spectrometry
(CVAA), and several procedures for hexavalent chromium analysis.  Each of these is briefly
discussed below in terms of advantages, disadvantages, and cautions for analysis of wastes.

ICP's primary advantage is that it allows simultaneous or rapid sequential determination of many
elements in a short time.  The primary disadvantage of ICP is background radiation from other
elements and the plasma gases.  Although all ICP instruments utilize high-resolution optics and
back-ground correction to minimize these interferences, analysis for traces of inorganic analytes in
the presence of a large excess of a single analyte is difficult. Examples would be traces of inorganic
analytes in an alloy or traces of metals in a limed (high calcium) waste.  ICP and Flame AA have
comparable detection limits (within a factor of 4) except that ICP exhibits greater sensitivity for
refractories (Al, Ba, etc.).  Furnace AA, in general, will exhibit lower detection limits than either ICP
or FLAA.  Detection limits are drastically improved when ICP-MS is used.  In general ICP-MS exhibits
greater sensitivity than either GFAA or FLAA for most elements.  The greatest disadvantage of ICP-
MS is isobaric elemental interferences.  These are caused by different elements forming atomic ions
with the same nominal mass-to-charge ratio.  Mathematical correction for interfering ions can
minimize these interferences.
 

Flame AAS (FLAA) direct aspiration determinations, as opposed to ICP, are normally completed
as single element analyses and are relatively free of interelement spectral interferences.  Either a
nitrous-oxide/acetylene or air/acetylene flame is used as an energy source for dissociating the
aspirated sample into the free atomic state, making analyte atoms available for absorption of light.
In the analysis of some elements, the temperature or type of flame used is critical.  If the proper
flame and analytical conditions are not used, chemical and ionization interferences can occur.

Graphite Furnace AAS (GFAA) replaces the flame with an electrically heated graphite furnace.
The furnace allows for gradual heating of the sample aliquot in several stages.  Thus, the processes
of dissolution, drying, decomposition of organic and inorganic molecules and salts, and formation
of atoms which must occur in a flame or ICP in a few milliseconds may be allowed to occur over a
much longer time period and at controlled temperatures in the furnace.  This allows an experienced
analyst to remove unwanted matrix components by using temperature programming and/or matrix
modifiers.  The major advantage of this technique is that it affords extremely low detection limits.
It is the easiest to perform on relatively clean samples.  Because this technique is so sensitive,
interferences can be a real problem; finding the optimum combination of digestion, heating times and
temperatures, and matrix modifiers can be a challenge for complex matrices.
 

Hydride AA utilizes a chemical reduction to reduce and separate arsenic or selenium selectively
from a sample digestate.  The technique therefore has the advantage of being able to isolate these
two elements from complex samples which may cause interferences for other analytical procedures.
Significant interferences have been reported when any of the following is present:  1) easily reduced
metals (Cu, Ag, Hg); 2) high concentrations of transition metals (>200 mg/L); 3) oxidizing agents
(oxides of nitrogen) remaining following sample digestion.
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Cold-Vapor AA uses a chemical reduction to reduce mercury selectively.  The procedure is
extremely sensitive but is subject to interferences from some volatile organics, chlorine, and sulfur
compounds.

Prior to employing the above methods in this chapter, analysts are advised to consult the
disclaimer statement at the front of this manual and the information in Chapter Two for guidance on
the allowed flexibility in the choice of apparatus, reagents, and supplies.  In addition, unless specified
in a regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in each procedure is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgements necessary to meet the data
quality objectives or needs for the intended use of the data.
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CHAPTER ONE
QUALITY CONTROL

1.0  INTRODUCTION

It is the goal of the U.S. Environmental Protection Agency's (EPA's)
quality assurance (QA) program to ensure that all data be scientifically valid,
defensible, and of known precision and accuracy.  The data should be of
sufficient known quality to withstand scientific and legal challenge relative to
the use for which the data are obtained.  The QA program is management's tool for
achieving this goal.

For RCRA analyses, the recommended minimum requirements for a QA program
and the associated quality control (QC) procedures are provided in this chapter.

The data acquired from QC procedures are used to estimate the quality of
analytical data, to determine the need for corrective action in response to
identified deficiencies, and to interpret results after corrective action
procedures are implemented.  Method-specific QC procedures are incorporated in
the individual methods since they are not applied universally.  

A total program to generate data of acceptable quality should include both
a QA component, which encompasses the management procedures and controls, as well
as an operational day-to-day QC component.  This chapter defines fundamental
elements of such a data collection program.  Data collection efforts involve: 

1. design of a project plan to achieve the data quality objectives
(DQOs);

2. implementation of the project plan; and

3. assessment of the data to determine if the DQOs are met.

The project plan may be a sampling and analysis plan or a waste analysis plan if
it covers the QA/QC goals of the Chapter, or it may be a Quality Assurance
Project Plan as described later in this chapter.

This chapter identifies the minimal QC components that should be used in
the performance of sampling and analyses, including the QC information which
should be documented.  Guidance is provided to construct QA programs for field
and laboratory work conducted in support of the RCRA program.

2.0  QA PROJECT PLAN

It is recommended that all projects which generate environment-related data
in support of RCRA have a QA Project Plan (QAPjP) or equivalent.  In some
instances, a sampling and analysis plan or a waste analysis plan may be
equivalent if it covers all of the QA/QC goals outlined in this chapter.  In
addition, a separate QAPjP need not be prepared for routine analyses or
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activities where the procedures to be followed are described in a Standard
Operating Procedures manual or similar document and include the elements of a
QAPjP.  These documents should be available and referenced in the documentation
and/or records for the analysis activities.  The term "QAPjP" in this chapter
refers to any of these QA/QC documents.

The QAPjP should detail the QA/QC goals and protocols for a specific data
collection activity.  The QAPjP sets forth a plan for sampling and analysis
activities that will generate data of a quality commensurate with their intended
use.  QAPjP elements should include a description of the project and its
objectives; a statement of the DQOs of the project; identification of those in-
volved in the data collection and their responsibilities and authorities;
reference to (or inclusion of) the specific sample collection and analysis
procedures that will be followed for all aspects of the project; enumeration of
QC procedures to be followed; and descriptions of all project documentation.
Additional elements should be included in the QAPjP if needed to address all
quality related aspects of the data collection project.  Elements should be
omitted only when they are inappropriate for the project or when absence of those
elements will not affect the quality of data obtained for the project (see
reference 1).

The role and importance of DQOs and project documentation are discussed
below in Sections 2.1 through 2.6.  Management and organization play a critical
role in determining the effectiveness of a QA/QC program and ensuring that all
required procedures are followed.  Section 2.7 discusses the  elements of an
organization's QA program that have been found to ensure an effective program.
Field operations and laboratory operations (along with applicable QC procedures)
are discussed in Sections 3 and 4, respectively.

2.1  DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) for the data collection activity describe
the overall level of uncertainty that a decision-maker is willing to accept in
results derived from environmental data.  This uncertainty is used to specify the
quality of the measurement data required, usually in terms of objectives for
precision, bias, representativeness, comparability and completeness.  The DQOs
should be defined prior to the initiation of the field and laboratory work.  The
field and laboratory organizations performing the work should be aware of the
DQOs so that their personnel may make informed decisions during the course of the
project to attain those DQOs.  More detailed information on DQOs is available
from the U.S. EPA Quality Assurance Management Staff (QAMS) (see references 2 and
4).

2.2  PROJECT OBJECTIVES

A statement of the project objectives and how the objectives are to be
attained should be concisely stated and sufficiently detailed to permit clear
understanding by all parties involved in the data collection effort.  This
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includes a statement of what problem is to be solved and the information required
in the process.  It also includes appropriate statements of the DQOs (i.e., the
acceptable level of uncertainty in the information). 

2.3  SAMPLE COLLECTION

Sampling procedures, locations, equipment, and sample preservation and
handling requirements should be specified in the QAPjP.  Further details on
quality assurance procedures for field operations are described in Section 3 of
this chapter.  The OSW is developing policies and procedures for sampling in a
planned revision of Chapter Nine of this manual.  Specific procedures for
groundwater sampling are provided in Chapter Eleven of this manual.

2.4  ANALYSIS AND TESTING

Analytes and properties of concern, analytical and testing procedures to
be employed, required detection limits, and requirements for precision and bias
should be specified.  All applicable regulatory requirements and the project DQOs
should be considered when developing the specifications.  Further details on the
procedures for analytical operations are described in Section 4 of this chapter.

2.5  QUALITY CONTROL

The quality assurance program should address both field and laboratory
activities.  Quality control procedures should be specified for estimating the
precision and bias of the data.  Recommended minimum requirements for QC samples
have been established by EPA and should be met in order to satisfy recommended
minimum criteria for acceptable data quality.  Further details on procedures for
field and laboratory operations are described in Sections 3 and 4, respectively,
of this chapter.

2.6  PROJECT DOCUMENTATION

Documents should be prepared and maintained in conjunction with the data
collection effort.  Project documentation should be sufficient to allow review
of all aspects of the work being performed.  The QAPjP discussed in Sections 3
and 4 is one important document that should be maintained.  

The length of storage time for project records should comply with
regulatory requirements, organizational policy, or project requirements,
whichever is more stringent.  It is recommended that documentation be stored for
three years from submission of the project final report.

Documentation should be secured in a facility that adequately
addresses/minimizes its deterioration for the length of time that it is to be
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retained.  A system allowing for the expedient retrieval of information should
exist.

Access to archived information should be controlled to maintain the
integrity of the data.  Procedures should be developed to identify those
individuals with access to the data.

2.7  ORGANIZATION PERFORMING FIELD OR LABORATORY OPERATIONS

Proper design and structure of the organization facilitates effective and
efficient transfer of information and helps to prevent important procedures from
being overlooked.  

The organizational structure, functional responsibilities, levels of
authority, job descriptions, and lines of communication for all project
activities should be established and documented.  One person may cover more than
one organizational function.  Each project participant should have a clear
understanding of his or her duties and responsibilities and the relationship of
those responsibilities to the overall data collection effort.

The management of each organization participating in a project involving
data collection activities should establish that organization's operational and
QA policies.  This information should be documented in the QAPjP.  The management
should ensure that (1) the appropriate methodologies are followed as documented
in the QAPjPs; (2) personnel clearly understand their duties and
responsibilities; (3) each staff member has access to appropriate project
documents; (4) any deviations from the QAPjP are communicated to the project
management and documented; and (5) communication occurs between the field,
laboratory, and project management, as specified in the QAPjP.  In addition, each
organization should ensure that their activities do not increase the risk to
humans or the environment at or about the project location.  Certain projects may
require specific policies or a Health and Safety Plan to provide this assurance.

The management of the participating field or laboratory organization should
establish personnel qualifications and training requirements for the project. 
Each person participating in the project should have the education, training,
technical knowledge, and experience, or a combination thereof, to enable that
individual to perform assigned functions.  Training should be provided for each
staff member as necessary to perform their functions properly.  Personnel
qualifications should be documented in terms of education, experience, and
training, and periodically reviewed to ensure adequacy to current
responsibilities.  

Each participating field organization or laboratory organization should
have a designated QA function (i.e., a team or individual trained in QA) to
monitor operations to ensure that the equipment, personnel, activities,
procedures, and documentation conform with the QAPjP.  To the extent possible,
the QA monitoring function should be entirely separate from, and independent of,
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personnel engaged in the work being monitored.  The QA function should be
responsible for the QA review.

2.7.1  Performance Evaluation

Performance evaluation studies are used to measure the performance of the
laboratory on unknown samples.  Performance evaluation samples are typically
submitted to the laboratory as blind samples by an independent outside source.
The results are compared to predetermined acceptance limits.  Performance
evaluation samples can also be submitted to the laboratory as part of the QA
function during internal assessment of laboratory performance.  Records of all
performance evaluation studies should be maintained by the laboratory.  Problems
identified through participation in performance evaluation studies should be
immediately investigated and corrected.

2.7.2  Internal Assessment by QA Function

Personnel performing field and laboratory activities are responsible for
continually monitoring individual compliance with the QAPjP.  The QA function
should review procedures, results and calculations to determine compliance with
the QAPjP.  The results of this internal assessment should be reported to
management with requirements for a plan to correct observed deficiencies.  

2.7.3  External Assessment

The field and laboratory activities may be reviewed by personnel external
to the organization.  Such an assessment is an extremely valuable method for
identifying overlooked problems.  The results of the external assessment should
be submitted to management with requirements for a plan to correct observed
deficiencies.

2.7.4  On-Site Evaluation

On-site evaluations may be conducted as part of both internal and external
assessments.  The focus of an on-site evaluation is to evaluate the degree of
conformance of project activities with the applicable QAPjP.  On-site evaluations
may include, but are not limited to, a complete review of facilities, staff,
training, instrumentation, procedures, methods, sample collection, analyses, QA
policies and procedures related to the generation of environmental data.  Records
of each evaluation should include the date of the evaluation, location, the areas
reviewed, the person performing the evaluation, findings and problems, and
actions recommended and taken to resolve problems.  Any problems identified that
are likely to affect data integrity should be brought immediately to the
attention of management.  

2.7.4.1  Field Activities

The review of field activities should be conducted by one or more persons
knowledgeable in the activities being reviewed and include evaluating, at a
minimum, the following subjects:
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Completeness of Field Reports -- This review determines whether all
requirements for field activities in the QAPjP have been fulfilled, that
complete records exist for each field activity, and that the procedures
specified in the QAPjP have been implemented.  Emphasis on field
documentation will help assure sample integrity and sufficient technical
information to recreate each field event.  The results of this
completeness check should be documented, and environmental data affected
by incomplete records should be identified.  

Identification of Valid Samples -- This review involves interpretation and
evaluation of the field records to detect problems affecting the repre-
sentativeness of environmental samples.  Examples of items that might
indicate potentially invalid samples include improper well development,
improperly screened wells, instability of pH or conductivity, and collec-
tion of volatiles near internal combustion engines.  The field records
should be evaluated against the QAPjP and SOPs.  The reviewer should docu-
ment the sample validity and identify the environmental data associated
with any poor or incorrect field work.  

Correlation of Field Test Data -- This review involves comparing any
available results of field measurements obtained by more than one method.
For example, surface geophysical methods should correlate with direct
methods of site geologic characterization such as lithologic logs
constructed during drilling operations.

Identification of Anomalous Field Test Data -- This review identifies any
anomalous field test data.  For example, a water temperature for one well
that is 5 degrees higher than any other well temperature in the same
aquifer should be noted.  The reviewer should evaluate the impact of
anomalous field measurement results on the associated environmental data.

Validation of Field Analyses -- This review validates and documents all
data from field analysis that are generated in situ or from a mobile
laboratory as specified in Section 2.7.4.2.  The reviewer should document
whether the QC checks meet the acceptance criteria, and whether corrective
actions were taken for any analysis performed when acceptance criteria
were exceeded.  

2.7.4.2  Laboratory Activities

The review of laboratory data should be conducted by one or more persons
knowledgeable in laboratory activities and include evaluating, at a minimum, the
following subjects:

Completeness of Laboratory Records -- This review determines whether: (1)
all samples and analyses required by the QAPjP have been processed, (2)
complete records exist for each analysis and the associated QC samples,
and that (3) the procedures specified in the QAPjP have been implemented.
The results of the completeness check should be documented, and
environmental data affected by incomplete records should be identified.
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Evaluation of Data with Respect to Detection and Quantitation Limits --
This review compares analytical results to required quantitation limits.
Reviewers should document instances where detection or quantitation limits
exceed regulatory limits, action levels, or target concentrations
specified in the QAPjP.

Evaluation of Data with Respect to Control Limits -- This review compares
the  results of QC and calibration check samples to control criteria.
Corrective action should be implemented for data not within control
limits. The reviewer should check that corrective action reports, and the
results of reanalysis, are available.  The review should determine
whether samples associated with out-of-control QC data are identified in
a written record of the data review, and whether an assessment of the
utility of such analytical results is recorded.

Review of Holding Time Data -- This review compares sample holding times
to those required by the QAPjP, and notes all deviations.

Review of Performance Evaluation (PE) Results -- PE study results can be
helpful in evaluating the impact of out-of-control conditions. This review
documents any recurring trends or problems evident in PE studies and
evaluates their effect on environmental data.

Correlation of Laboratory Data -- This review determines whether the
results of data obtained from related laboratory tests, e.g., Purgeable
Organic Halides (POX) and Volatile Organics, are documented, and whether
the significance of any differences is discussed in the reports.

2.7.5  QA Reports

There should be periodic reporting of pertinent QA/QC information to the
project management to allow assessment of the overall effectiveness of the QA
program.  There are three major types of QA reports to project management:

Periodic Report on Key QA Activities -- Provides summary of key QA activi-
ties during the period, stressing measures that are being taken to improve
data quality; describes significant quality problems observed and
corrective actions taken; reports information regarding any changes in
certification/accreditation status; describes involvement in resolution of
quality issues with clients or agencies; reports any QA organizational
changes; and provides notice of the distribution of revised documents
controlled by the QA organization (i.e., procedures).

Report on Measurement Quality Indicators -- Includes the assessment of QC
data gathered over the period, the frequency of analyses repeated due to
unacceptable QC performance, and, if possible, the reason for the unac-
ceptable performance and corrective action taken. 

Reports on QA Assessments -- Includes the results of the assessments and
the plan for correcting identified deficiencies; submitted immediately
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following any internal or external on-site evaluation or upon receipt of
the results of any performance evaluation studies.  

3.0  FIELD OPERATIONS

The field operations should be conducted in such a way as to provide
reliable information that meets the DQOs.  To achieve this, certain minimal
policies and procedures should be implemented.  The OSW is considering revisions
of Chapter Nine and Eleven of this manual.  Supplemental information and guidance
is available in the RCRA Ground-Water Monitoring Technical Enforcement Guidance
Document (TEGD) (Reference 3).  The project documentation should contain the
information specified below.

3.1  FIELD LOGISTICS

The QAPjP should describe the type(s) of field operations to be performed
and the appropriate area(s) in which to perform the work.  The QAPjP should
address ventilation, protection from extreme weather and temperatures, access to
stable power, and provision for water and gases of required purity.

Whenever practical, the sampling site facilities should be examined prior
to the start of work to ensure that all required items are available.  The actual
area of sampling should be examined to ensure that trucks, drilling equipment,
and personnel have adequate access to the site.

The determination as to whether sample shipping is necessary should be made
during planning for the project.  This need is established by evaluating the
analyses to be performed, sample holding times, and location of the site and the
laboratory.  Shipping or transporting of samples to a laboratory should be done
within a timeframe such that recommended holding times are met.

Samples should be packaged, labelled, preserved (e.g., preservative added,
iced, etc.), and documented in an area which is free of contamination and
provides for secure storage. The level of custody and whether sample storage is
needed should be addressed in the QAPjP.

Storage areas for solvents, reagents, standards, and reference materials
should be adequate to preserve their identity, concentration, purity, and
stability prior to use.

Decontamination of sampling equipment may be performed at the location
where sampling occurs, prior to going to the sampling site, or in designated
areas near the sampling site.  Project documentation should specify where and how
this work is accomplished.  If decontamination is to be done at the site, water
and solvents of appropriate purity should be available.  The method of
accomplishing decontamination, including the required materials, solvents, and
water purity should be specified.
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During the sampling process and during on-site or in situ analyses, waste
materials are sometimes generated.  The method for storage and disposal of these
waste materials that complies with applicable local, state and Federal
regulations should be specified.  Adequate facilities should be provided for the
collection and storage of all wastes, and these facilities should be operated so
as to minimize environmental contamination.  Waste storage and disposal
facilities should comply with applicable federal, state, and local regulations.

The location of long-term and short-term storage for field records, and the
measures to ensure the integrity of the data should be specified.

3.2  EQUIPMENT/INSTRUMENTATION

The equipment, instrumentation, and supplies at the sampling site should
be specified and should be appropriate to accomplish the activities planned.  The
equipment and instrumentation should meet the requirements of specifications,
methods, and procedures as specified in the QAPjP.

3.3  OPERATING PROCEDURES

The QAPjP should describe or make reference to all field activities that
may affect data quality.  For routinely performed activities, standard operating
procedures (SOPs) are often prepared to ensure consistency and to save time and
effort in preparing QAPjPs.  Any deviation from an established procedure during
a data collection activity should be documented.  The procedures should be
available for the indicated activities, and should include, at a minimum, the
information described below.

3.3.1  Sample Management

The numbering and labeling system, chain-of-custody procedures, and how the
samples are to be tracked from collection to shipment or receipt by the
laboratory should be specified.  Sample management procedures should also specify
the holding times, volumes of sample required by the laboratory, required
preservatives, and shipping requirements.

3.3.2  Reagent/Standard Preparation

The procedures describing how to prepare standards and reagents should be
specified.  Information concerning specific grades of materials used in reagent
and standard preparation, appropriate glassware and containers for preparation
and storage, and labeling and record keeping for stocks and dilutions should be
included.

3.3.3  Decontamination

The procedures describing decontamination of field equipment before and
during the sample collection process should be specified.  These procedures
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should include cleaning materials used, the order of washing and rinsing with the
cleaning materials, requirements for protecting or covering cleaned equipment,
and procedures for disposing of cleaning materials.

3.3.4  Sample Collection

The procedures describing how the sampling operations are actually
performed in the field should be specified.  A simple reference to standard
methods is not sufficient, unless a procedure is performed exactly as described
in the published method.  Methods from source documents published by the EPA,
American Society for Testing and Materials, U.S. Department of the Interior,
National Water Well Association, American Petroleum Institute, or other
recognized organizations with appropriate expertise should be used, if possible.
The procedures for sample collection should include at least the following:

   @ Applicability of the procedure,

   @ Equipment required,

   @ Detailed description of procedures to be followed in collecting the
samples,

   @ Common problems encountered and corrective actions to be followed, and

   @ Precautions to be taken.

3.3.5  Field Measurements

The procedures describing all methods used in the field to determine a
chemical or physical parameter should be described in detail.  The procedures
should address criteria from Section 4, as appropriate.

3.3.6  Equipment Calibration And Maintenance

The procedures describing how to ensure that field equipment and
instrumentation are in working order should be specified.  These describe
calibration procedures and schedules, maintenance procedures and schedules,
maintenance logs, and service arrangements for equipment.  Calibration and
maintenance of field equipment and instrumentation should be in accordance with
manufacturers' specifications or applicable test specifications and should be
documented. 

3.3.7  Corrective Action

The procedures describing how to identify and correct deficiencies in the
sample collection process should be specified.  These should include specific
steps to take in correcting deficiencies such as performing additional
decontamination of equipment, resampling, or additional training of field
personnel.  The procedures should specify that each corrective action should be
documented with a description of the deficiency and the corrective action taken,
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and should include the person(s) responsible for implementing the corrective
action.

3.3.8  Data Reduction and Validation

The procedures describing how to compute results from field measurements
and to review and validate these data should be specified.  They should include
all formulas used to calculate results and procedures used to independently
verify that field measurement results are correct.  

3.3.9  Reporting

The procedures describing the process for reporting the results of field
activities should be specified.

3.3.10 Records Management

The procedures describing the means for generating, controlling, and
archiving project-specific records and field operations records should be
specified.  These procedures should detail record generation and control and the
requirements for record retention, including type, time, security, and retrieval
and disposal authorities.

Project-specific records relate to field work performed for a project.
These records may include correspondence, chain-of-custody records, field
notes, all reports issued as a result of the work, and procedures used.

Field operations records document overall field operations and may include
equipment performance and maintenance logs, personnel files, general field
procedures, and corrective action reports.

3.3.11 Waste Disposal

The procedures describing the methods for disposal of waste materials
resulting from field operations should be specified.

3.4  FIELD QA AND QC REQUIREMENTS

The QAPjP should describe how the following  elements of the field QC
program will be implemented.

3.4.1  Control Samples

Control samples are QC samples that are introduced into a process to
monitor the performance of the system.  Control samples, which may include blanks
(e.g., trip, equipment, and laboratory), duplicates, spikes, analytical
standards, and reference materials, can be used in different phases of the data
collection process beginning with sampling and continuing through transportation,
storage, and analysis.  
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Each day of sampling, at least one field duplicate and one equipment
rinsate should be collected for each matrix sampled.  If this frequency is not
appropriate for the sampling equipment and method, then the appropriate changes
should be clearly identified in the QAPjP.  When samples are collected for
volatile organic analysis, a trip blank is also recommended for each day that
samples are collected.  In addition, for each sampling batch (20 samples of one
matrix type), enough volume should be collected for at least one sample so as to
allow the laboratory to prepare one matrix spike and either one matrix duplicate
or one matrix spike duplicate for each analytical method employed.  This means
that the following control samples are recommended:

@Field duplicate (one per day per matrix type)
@Equipment rinsate (one per day per matrix type)
@Trip blank (one per day, volatile organics only)
@Matrix spike (one per batch [20 samples of each matrix type])
@Matrix duplicate or matrix spike duplicate (one per batch)

Additional control samples may be necessary in order to assure data quality to
meet the project-specific DQOs.

3.4.2  Acceptance Criteria

Procedures should be in place for establishing acceptance criteria for
field activities described in the QAPjP.  Acceptance criteria may be qualitative
or quantitative.  Field events or data that fall outside of established
acceptance criteria may indicate a problem with the sampling process that should
be investigated.     

3.4.3  Deviations

All deviations from plan should be documented as to the extent of, and
reason for, the deviation.  Any activity not performed in accordance with
procedures or QAPjPs is considered a deviation from plan.  Deviations from plan
may or may not affect data quality.  

3.4.4  Corrective Action

Errors, deficiencies, deviations, certain field events, or data that fall
outside established acceptance criteria should be investigated.  In some in-
stances, corrective action may be needed to resolve the problem and restore
proper functioning to the system.  The investigation of the problem and any
subsequent corrective action taken should be documented.

3.4.5  Data Handling

All field measurement data should be reduced according to protocols
described or referenced in the QAPjP.  Computer programs used for data reduction
should be validated before use and verified on a regular basis.  All information
used in the calculations should be recorded to enable reconstruction of the final
result at a later date.



CD-ROM ONE - 13 Revision 1
July 1992

   Data should be reported in accordance with the requirements of the end-user
as described in the QAPjP.

3.5  QUALITY ASSURANCE REVIEW

The QA Review consists of internal and external assessments to ensure that
QA/QC procedures are in use and to ensure that field staff conform to these
procedures.  QA review should be conducted as deemed appropriate and necessary.

3.6  FIELD RECORDS

Records provide the direct evidence and support for the necessary technical
interpretations, judgments, and discussions concerning project activities.  These
records, particularly those that are anticipated to be used as evidentiary data,
should directly support current or ongoing technical studies and activities and
should provide the historical evidence needed for later reviews and analyses.
Records should be legible, identifiable, and retrievable and protected against
damage, deterioration, or loss.  The discussion in this section (3.6) outlines
recommended procedures for record keeping.  Organizations which conduct field
sampling should develop appropriate record keeping procedures which satisfy
relevant technical and legal requirements.

Field records generally consist of bound field notebooks with prenumbered
pages, sample collection forms, personnel qualification and training forms,
sample location maps, equipment maintenance and calibration forms, chain-of-
custody forms, sample analysis request forms, and field change request forms.
All records should  be written in indelible ink.

Procedures for reviewing, approving, and revising field records should be
clearly defined, with the lines of authority included.  It is recommended that
all documentation errors should be corrected by drawing a single line through the
error so it remains legible and should be initialed by the responsible
individual, along with the date of change.  The correction should be written
adjacent to the error.

Records should include (but are not limited to) the following:

Calibration Records & Traceability of Standards/Reagents -- Calibration is
a reproducible reference point to which all sample measurements can be
correlated.  A sound calibration program should include provisions for
documentation of frequency, conditions, standards, and records reflecting
the calibration history of a measurement system.  The accuracy of the
calibration standards is important because all data will be in reference
to the standards used.  A program for verifying and documenting the
accuracy of all working standards against primary grade standards should
be routinely followed.
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Sample Collection -- To ensure maximum utility of the sampling effort and
resulting data, documentation of the sampling protocol, as performed in
the field, is essential.  It is recommended that sample collection records
contain, at a minimum, the names of persons conducting the activity,
sample number, sample location, equipment used, climatic conditions,
documentation of adherence to protocol, and unusual observations.  The
actual sample collection record is usually one of the following:  a bound
field notebook with prenumbered pages, a pre-printed form, or digitized
information on a computer tape or disc.

Chain-of-Custody Records -- The chain-of-custody involving the possession
of samples from the time they are obtained until they are disposed or
shipped off-site should be documented as specified in the QAPjP and should
include the following information:  (1) the project name; (2) signatures
of samplers; (3) the sample number, date and time of collection, and grab
or composite sample designation; (4) signatures of individuals involved in
sample transfer; and (5) if applicable, the air bill or other shipping
number.  

Maps and Drawings -- Project planning documents and reports often contain
maps.  The maps are used to document the location of sample collection
points and monitoring wells and as a means of presenting environmental
data.  Information used to prepare maps and drawings is normally obtained
through field surveys, property surveys, surveys of monitoring wells,
aerial photography or photogrammetric mapping.  The final, approved maps
and/or drawings should have a revision number and date and should be sub-
ject to the same controls as other project records.

QC Samples -- Documentation for generation of QC samples, such as trip and
equipment rinsate blanks, duplicate samples, and any field spikes should
be maintained.  

Deviations -- All deviations from procedural documents and the QAPjP
should be recorded in the site logbook.

Reports -- A copy of any report issued and any supporting documentation
should be retained.

4.0  LABORATORY OPERATIONS

The laboratory should conduct its operations in such a way as to provide
reliable information.  To achieve this, certain minimal policies and procedures
should be implemented.

4.1  FACILITIES

The QAPjP should address all facility-related issues that may impact
project data quality.  Each laboratory should be of suitable size and
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construction to facilitate the proper conduct of the analyses.  Adequate bench
space or working area per analyst should be provided.  The space requirement per
analyst depends on the equipment or apparatus that is being utilized, the number
of samples that the analyst is expected to handle at any one time, and the number
of operations that are to be performed concurrently by a single analyst.  Other
issues to be considered include, but are not limited to, ventilation, lighting,
control of dust and drafts, protection from extreme temperatures, and access to
a source of stable power. 

Laboratories should be designed so that there is adequate separation of
functions to ensure that no laboratory activity has an adverse effect on the
analyses.  The laboratory may require specialized facilities such as a perchloric
acid hood or glovebox.

 Separate space for laboratory operations and appropriate ancillary support
should be provided, as needed, for the performance of routine and specialized
procedures.

As necessary to ensure secure storage and prevent contamination or
misidentification, there should be adequate facilities for receipt and storage
of samples.  The level of custody required and any special requirements for
storage such as refrigeration should be described in planning documents.

Storage areas for reagents, solvents, standards, and reference materials
should be adequate to preserve their identity, concentration, purity, and
stability.

Adequate facilities should be provided for the collection and storage of
all wastes, and these facilities should be operated so as to minimize environ-
mental contamination.  Waste storage and disposal facilities should comply with
applicable federal, state, and local regulations. 

The location of long-term and short-term storage of laboratory records and
the measures to ensure the integrity of the data should be specified.

4.2  EQUIPMENT/INSTRUMENTATION

Equipment and instrumentation should meet the requirements and specifica-
tions of the specific test methods and other procedures as specified in the
QAPjP.  The laboratory should maintain an equipment/instrument description list
that includes the manufacturer, model number, year of purchase, accessories, and
any modifications, updates, or upgrades that have been made.

4.3  OPERATING PROCEDURES

The QAPjP should describe or make reference to all laboratory activities
that may affect data quality.  For routinely performed activities, SOPs are often
prepared to ensure consistency and to save time and effort in preparing QAPjPs.
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Any deviation from an established procedure during a data collection activity
should be documented.  It is recommended that procedures  be available for the
indicated activities, and  include, at a minimum, the information described
below.

4.3.1  Sample Management

The procedures describing the receipt, handling, scheduling, and storage
of samples should be specified.

    Sample Receipt and Handling -- These procedures describe the precautions
to be used in opening sample shipment containers and how to verify that
chain-of-custody has been maintained, examine samples for damage, check
for proper preservatives and temperature, and log samples into the
laboratory sample streams.

    Sample Scheduling --  These procedures describe the sample scheduling in
the laboratory and includes procedures used to ensure that holding time
requirements are met.

    Sample Storage -- These procedures describe the storage conditions for all
samples, verification and documentation of daily storage temperature, and
how to ensure that custody of the samples is maintained while in the
laboratory.

4.3.2  Reagent/Standard Preparation

The procedures describing how to prepare standards and reagents should be
specified.  Information concerning specific grades of materials used in reagent
and standard preparation, appropriate glassware and containers for preparation
and storage, and labeling and recordkeeping for stocks and dilutions should be
included.

4.3.3  General Laboratory Techniques

The procedures describing all essentials of laboratory operations that are
not addressed elsewhere should be specified.  These techniques should include,
but are not limited to, glassware cleaning procedures, operation of analytical
balances, pipetting techniques, and use of volumetric glassware.

4.3.4  Test Methods

Procedures for test methods describing how the analyses are actually
performed in the laboratory should be specified.  A simple reference to standard
methods is not sufficient, unless the analysis is performed exactly as described
in the published method.  Whenever methods from SW-846 are not appropriate,
recognized methods from source documents published by the EPA, American Public
Health Association (APHA), American Society for Testing and Materials (ASTM), the
National Institute for Occupational Safety and Health (NIOSH), or other
recognized organizations with appropriate expertise should be used, if possible.
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The documentation of the actual laboratory procedures for analytical methods
should include the following:

Sample Preparation and Analysis Procedures -- These include applicable
holding time, extraction, digestion, or preparation steps as appropriate
to the method; procedures for determining the appropriate dilution to
analyze; and any other information required to perform the analysis
accurately and consistently. 

Instrument Standardization -- This includes concentration(s) and frequency
of analysis of calibration standards, linear range of the method, and
calibration acceptance criteria.

Sample Data -- This includes recording requirements and documentation in-
cluding sample identification number, analyst, data verification, date of
analysis and verification, and computational method(s).

Precision and Bias -- This includes all analytes for which the method is
applicable and the conditions for use of this information.

Detection and Reporting Limits -- This includes all analytes in the
method.

Test-Specific QC -- This describes QC activities applicable to the
specific test and references any applicable QC procedures.

4.3.5  Equipment Calibration and Maintenance

The procedures describing how to ensure that laboratory equipment and
instrumentation are in working order should be specified.  These procedures
include calibration procedures and schedules, maintenance procedures and
schedules, maintenance logs, service arrangements for all equipment, and spare
parts available in-house.  Calibration and maintenance of laboratory equipment
and instrumentation should be in accordance with manufacturers' specifications
or applicable test specifications and should be documented.

4.3.6  QC

The type, purpose, and frequency of QC samples to be analyzed in the
laboratory and the acceptance criteria should be specified.  Information should
include the applicability of the QC sample to the analytical process, the
statistical treatment of the data, and the responsibility of laboratory staff and
management in generating and using the data.  Further details on development of
project-specific QC protocols are described in Section 4.4.

4.3.7  Corrective Action

The procedures describing how to identify and correct deficiencies in the
analytical process should be specified.  These should include specific steps to
take in correcting the deficiencies such as preparation of new standards and
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reagents, recalibration and restandardization of equipment, reanalysis of
samples, or additional training of laboratory personnel in methods and
procedures.  The procedures should specify that each corrective action should be
documented with a description of the deficiency and the corrective action taken,
and should include the person(s) responsible for implementing the corrective
action. 

4.3.8  Data Reduction and Validation

The procedures describing how to review and validate the data should be
specified.  They should include procedures for computing and interpreting the
results from QC samples, and independent procedures to verify that the analytical
results are reported correctly.  In addition, routine procedures used to monitor
precision and bias, including evaluations of reagent, equipment rinsate, and trip
blanks, calibration standards, control samples, duplicate and matrix spike
samples, and surrogate recovery, should be detailed in the procedures.  More
detailed validation procedures should be performed when required in the contract
or QAPjP.

4.3.9  Reporting

The procedures describing the process for reporting the analytical results
should be specified.

4.3.10 Records Management

The procedures describing the means for generating, controlling, and
archiving laboratory records should be specified.  The procedures should detail
record generation and control, and the requirements for record retention, includ-
ing type, time, security, and retrieval and disposal authorities.

Project-specific records may include correspondence, chain-of-custody
records, request for analysis, calibration data records, raw and finished
analytical and QC data, data reports, and procedures used.

 Laboratory operations records may include laboratory notebooks, instrument
performance logs and maintenance logs in bound notebooks with prenumbered
pages; laboratory benchsheets; software documentation; control charts;
reference material certification; personnel files; laboratory procedures;
and corrective action reports.

4.3.11 Waste Disposal

The procedures describing the methods for disposal of chemicals including
standard and reagent solutions, process waste, and samples should be specified.

4.4  LABORATORY QA AND QC PROCEDURES
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The QAPjP should describe how the following required elements of the
laboratory QC program are to be implemented.

4.4.1  Method Proficiency

Procedures should be in place for demonstrating proficiency with each
analytical method routinely used in the laboratory.  These should include
procedures for demonstrating the precision and bias of the method as performed
by the laboratory and procedures for determining the method detection limit
(MDL).  All terminology, procedures and frequency of determinations associated
with the laboratory's establishment of the MDL and the reporting limit should be
well-defined and well-documented.  Documented precision, bias, and MDL
information should be maintained for all methods performed in the laboratory. 

4.4.2  Control Limits

Procedures should be in place for establishing and updating control limits
for analysis.  Control limits should be established to evaluate laboratory
precision and bias based on the analysis of control samples.  Typically, control
limits for bias are based on the historical mean recovery plus or minus three
standard deviation units, and control limits for precision range from zero (no
difference between duplicate control samples) to the historical mean relative
percent difference plus three standard deviation units.  Procedures should be in
place for monitoring historical performance and should include graphical (control
charts) and/or tabular presentations of the data. 

4.4.3  Laboratory Control Procedures

Procedures should be in place for demonstrating that the laboratory is in
control during each data collection activity.  Analytical data generated with
laboratory control samples that fall within prescribed limits are judged to be
generated while the laboratory was in control.  Data generated with laboratory
control samples that fall outside the established control limits are judged to
be generated during an "out-of-control" situation.  These data are considered
suspect and should be repeated or reported with qualifiers.  

Laboratory Control Samples --  Laboratory control samples should be
analyzed for each analytical method when appropriate for the method.  A
laboratory control sample consists of either a control matrix spiked with
analytes representative of the target analytes or a certified reference
material. 

Laboratory control sample(s) should be analyzed with each batch of samples
processed to verify that the precision and bias of the analytical process
are within control limits.  The results of the laboratory control
sample(s) are compared to control limits established for both precision
and bias to determine usability of the data.

Method Blank -- When appropriate for the method, a method blank should be
analyzed with each batch of samples processed to assess contamination
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levels in the laboratory.  Guidelines should be in place for accepting or
rejecting data based on the level of contamination in the blank.

Procedures should be in place for documenting the effect of the matrix on
method performance.  When appropriate for the method, there should be at least
one matrix spike and either one matrix duplicate or one matrix spike duplicate
per analytical batch.  Additional control samples may be necessary to assure data
quality to meet the project-specific DQOs.  

Matrix-Specific Bias -- Procedures should be in place for determining the
bias of the method due to the matrix.  These procedures should include
preparation and analysis of matrix spikes, selection and use of surrogates
for organic methods, and the method of standard additions for metal and
inorganic methods.  When the concentration of the analyte in the sample is
greater than 0.1%, no spike is necessary.

Matrix-Specific Precision -- Procedures should be in place for determining
the precision of the method for a specific matrix.  These procedures
should include analysis of matrix duplicates and/or matrix spike
duplicates.  The frequency of use of these techniques should be based on
the DQO for the data collection activity.

Matrix-Specific Detection Limit -- Procedures should be in place for
determining the MDL for a specific matrix type (e.g., wastewater treatment
sludge, contaminated soil, etc).  

4.4.4  Deviations

Any activity not performed in accordance with laboratory procedures or
QAPjPs is considered a deviation from plan.  All deviations from plan should be
documented as to the extent of, and reason for, the deviation.  

4.4.5  Corrective Action

Errors, deficiencies, deviations, or laboratory events or data that fall
outside of established acceptance criteria should be investigated.  In some
instances, corrective action may be needed to resolve the problem and restore
proper functioning to the analytical system.  The investigation of the problem
and any subsequent corrective action taken should be documented.

4.4.6  Data Handling

Data resulting from the analyses of samples should be reduced according to
protocols described in the laboratory procedures.  Computer programs used for
data reduction should be validated before use and verified on a regular basis.
All information used in the calculations (e.g., raw data, calibration files,
tuning records, results of standard additions, interference check results, and
blank- or background-correction protocols) should be recorded in order to enable
reconstruction of the final result at a later date.  Information on the
preparation of the sample (e.g., weight or volume of sample used, percent dry
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weight for solids, extract volume, dilution factor used)  should also be
maintained in order to enable reconstruction of the final result at a later date.
 

All data should be reviewed by a second analyst or supervisor according to
laboratory procedures to ensure that calculations are correct and to detect
transcription errors.  Spot checks should be performed on computer calculations
to verify program validity.  Errors detected in the review process should be
referred to the analyst(s) for corrective action.  Data should be reported in
accordance with the requirements of the end-user.  It is recommended that the
supporting documentation include at a minimum:

   @ Laboratory name and address.

   @ Sample information (including unique sample identification, sample
collection date and time, date of sample receipt, and date(s) of sample
preparation and analysis).

   @ Analytical results reported with an appropriate number of significant
figures.

   @ Detection limits that reflect dilutions, interferences, or correction for
equivalent dry weight.

   @ Method reference. 

   @ Appropriate QC results (correlation with sample batch should be traceable
and documented).

   @ Data qualifiers with appropriate references and narrative on the quality
of the results.

4.5  QUALITY ASSURANCE REVIEW

The QA review consists of internal and external assessments to ensure that
QA/QC procedures are in use and to ensure that laboratory staff conform to these
procedures.  QA review should be conducted as deemed appropriate and necessary.

4.6  LABORATORY RECORDS

Records provide the direct evidence and support for the necessary technical
interpretations, judgements, and discussions concerning project activities.
These records, particularly those that are anticipated to be used as evidentiary
data, should directly support technical studies and activities, and provide the
historical evidence needed for later reviews and analyses.  Records should be
legible, identifiable, and retrievable, and protected against damage,
deterioration, or loss.  The discussion in this section (4.6) outlines
recommended procedures for record keeping.  Organizations which conduct field
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sampling should develop appropriate record keeping procedures which satisfy
relevant technical and legal requirements.

Laboratory records generally consist of bound notebooks with prenumbered
pages, personnel qualification and training forms, equipment maintenance and
calibration forms, chain-of-custody forms, sample analysis request forms, and
analytical change request forms.  All records should be written in indelible ink.

Procedures for reviewing, approving, and revising laboratory records should
be clearly defined, with the lines of authority included.  Any documentation
errors should be corrected by drawing a single line through the error so that it
remains legible and should be initialed by the responsible individual, along with
the date of change.  The correction is written adjacent to the error.

Strip-chart recorder printouts should be signed by the person who performed
the instrumental analysis.  If corrections need to be made in computerized data,
a system parallel to the corrections for handwritten data should be in place.

Records of sample management should be available to permit the re-creation
of an analytical event for review in the case of an audit or investigation of a
dubious result.

Laboratory records should include, at least, the following:

Operating Procedures -- Procedures should be available to those performing
the task outlined.  Any revisions to laboratory procedures should be
written, dated, and distributed to all affected individuals to ensure
implementation of changes.  Areas covered by operating procedures are
given in Sections 3.3 and 4.3. 

Quality Assurance Plans -- The QAPjP should be on file.

Equipment Maintenance Documentation -- A history of the maintenance record
of each system serves as an indication of the adequacy of maintenance
schedules and parts inventory.  As appropriate, the maintenance guidelines
of the equipment manufacturer should be followed.  When maintenance is
necessary, it should be documented in either standard forms or in
logbooks.  Maintenance procedures should be clearly defined and written
for each measurement system and required support equipment.

Proficiency -- Proficiency information on all compounds reported should be
maintained and should include (1) precision; (2) bias; (3) method detec-
tion limits; (4) spike recovery, where applicable; (5) surrogate recovery,
where applicable; (6) checks on reagent purity, where applicable; and
(7) checks on glassware cleanliness, where applicable.

Calibration Records & Traceability of Standards/Reagents -- Calibration is
a reproducible reference point to which all sample measurements can be
correlated.  A sound calibration program should include provisions for
documenting frequency, conditions, standards, and records reflecting the
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calibration history of a measurement system.  The accuracy of the
calibration standards is important because all data will be in reference
to the standards used.  A program for verifying and documenting the
accuracy and traceability of all working standards against appropriate
primary grade standards or the highest quality standards available should
be routinely followed.

Sample Management -- All required records pertaining to sample management
should be maintained and updated regularly.  These include chain-of-
custody forms, sample receipt forms, and sample disposition records.

Original Data -- The raw data and calculated results for all samples
should be maintained in laboratory notebooks, logs, benchsheets, files or
other sample tracking or data entry forms.  Instrumental output should be
stored in a computer file or a hardcopy report.

QC Data -- The raw data and calculated results for all QC and field
samples and standards should be maintained in the manner described in the
preceding paragraph.  Documentation should allow correlation of sample
results with associated QC data.  Documentation should also include the
source and lot numbers of standards for traceability.  QC samples include,
but are not limited to, control samples, method blanks, matrix spikes, and
matrix spike duplicates.  

Correspondence -- Project correspondence can provide evidence supporting
technical interpretations.  Correspondence pertinent to the project should
be kept and placed in the project files.   

Deviations -- All deviations from procedural and planning documents should
be recorded in laboratory notebooks.  Deviations from QAPjPs should be
reviewed and approved by the authorized personnel who performed the
original technical review or by their designees.

Final Report -- A copy of any report issued and any supporting documenta-
tion should be retained.

5.0  DEFINITIONS

The following terms are defined for use in this document:

ACCURACY The closeness of agreement between an observed value and
an accepted reference value.  When applied to a set of
observed values, accuracy will be a combination of a
random component and of a common systematic error (or
bias) component.

BATCH: A group of samples which behave similarly with respect to
the sampling or the testing procedures being employed and
which are processed as a unit (see Section 3.4.1 for field
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samples and Section 4.4.3 for laboratory samples).  For QC
purposes, if the number of samples in a group is greater
than 20, then each group of 20 samples or less will all be
handled as a separate batch. 

BIAS: The deviation due to matrix effects of the measured value
(x  - x ) from a known spiked amount.  Bias can be assesseds u

by comparing a measured value to an accepted reference
value in a sample of known concentration or by determining
the recovery of a known amount of contaminant spiked into
a sample (matrix spike).  Thus, the bias (B) due to matrix
effects based on a matrix spike is calculated as:

B = (x  - x  ) - Ks u

where:

x  = measured value for spiked sample,s

x  = measured value for unspiked sample, andu

K  = known value of the spike in the sample.

Using the following equation yields the percent recovery
(%R). 

%R = 100 (x  - x )/ Ks u

BLANK: see Equipment Rinsate, Method Blank, Trip Blank.

CONTROL SAMPLE: A QC sample introduced into a process to monitor the
performance of the system.

DATA QUALITY A statement of the overall level of uncertainty that a
OBJECTIVES (DQOs): decision-maker is willing to accept in results derived

DATA VALIDATION: The process of evaluating the available data against the

from environmental data (see reference 2, EPA/QAMS, July
16, 1986).  This is qualitatively distinct from quality
measurements such as precision, bias, and detection limit.

project DQOs to make sure that the objectives are met.
Data validation may be very rigorous, or cursory,
depending on project DQOs.  The available data reviewed
will include analytical results, field QC data and lab QC
data, and may also include field records.

DUPLICATE: see Matrix Duplicate, Field Duplicate, Matrix Spike
Duplicate.

EQUIPMENT BLANK: see Equipment Rinsate.

EQUIPMENT RINSATE: A sample of analyte-free media which has been used to
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rinse the sampling equipment.  It is collected after
completion of decontamination and prior to sampling.  This
blank is useful in documenting adequate decontamination of
sampling equipment.

ESTIMATED The lowest concentration that can be reliably achieved
QUANTITATION within specified limits of precision and accuracy during
LIMIT (EQL): routine laboratory operating conditions.  The EQL is

generally 5 to 10 times the MDL.  However, it may be
nominally chosen within these guidelines to simplify data
reporting.  For many analytes the EQL analyte
concentration is selected as the lowest non-zero standard
in the calibration curve.  Sample EQLs are highly matrix-
dependent.  The EQLs in SW-846 are provided for guidance
and may not always be achievable.

FIELD DUPLICATES: Independent samples which are collected as close as
possible to the same point in space and time.  They are
two separate samples taken from the same source, stored in
separate containers, and analyzed independently.  These
duplicates are useful in documenting the precision of the
sampling process.

LABORATORY CONTROL A known matrix spiked with compound(s) representative of
SAMPLE: the target analytes.  This is used to document laboratory

performance.

MATRIX: The component or substrate (e.g., surface water, drinking
water) which contains the analyte of interest.

MATRIX DUPLICATE: An intralaboratory split sample which is used to document
the precision of a method in a given sample matrix.

MATRIX SPIKE: An aliquot of sample spiked with a known concentration of
target analyte(s).  The spiking occurs prior to sample
preparation and analysis.  A matrix spike is used to
document the bias of a method in a given sample matrix.

MATRIX SPIKE Intralaboratory split samples spiked with identical
DUPLICATES: concentrations of target analyte(s).  The spiking occurs

prior to sample preparation and analysis.  They are used
to document the precision and bias of a method in a given
sample matrix.

METHOD BLANK: An analyte-free matrix to which all reagents are added in
the same volumes or proportions as used in sample
processing.  The method blank should be carried through
the complete sample preparation and analytical procedure.
The method blank is used to document contamination
resulting from the analytical process.
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For a method blank to be acceptable for use with the
accompanying samples, the concentration in the blank of
any analyte of concern should not be higher than the
highest of either:

(1)The method detection limit, or

(2)Five percent of the regulatory limit for that analyte,
or

(3)Five percent of the measured concentration in the
sample.

METHOD DETECTION The minimum concentration of a substance that can be
LIMIT (MDL): measured and reported with 99% confidence that the analyte

concentration is greater than zero and is determined from
analysis of a sample in a given matrix type  containing
the analyte.

For operational purposes, when it is necessary to
determine the MDL in the matrix, the MDL should be
determined by multiplying the appropriate one-sided 99% t-
statistic by the standard deviation obtained from a
minimum of three analyses of a matrix spike containing the
analyte of interest at a concentration three to five times
the estimated MDL, where the t-statistic is obtained from
standard references or the table below.

No. of samples: t-statistic
      3    6.96
      4    4.54
      5    3.75
      6    3.36
      7    3.14
      8    3.00
      9    2.90
     10    2.82

Estimate the MDL as follows:
Obtain the concentration value that corresponds to:

a) an instrument signal/noise ratio within the range of
2.5 to 5.0, or

b) the region of the standard curve where there is a
significant change in sensitivity (i.e., a break in the
slope of the standard curve).
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Determine the variance (S ) for each analyte as follows:2

where x  = the ith measurement of the variable x i

and x = the average value of x;
_

Determine the standard deviation (s) for each analyte as
follows:

s = (S )2 1/2

Determine the MDL for each analyte as follows:

MDL = t (s)(n-1,  = .99)

where t  is the one-sided t-statistic appropriate(n-1,  = .99)
for the number of samples used to determine (s), at the 99
percent level.

ORGANIC-FREE For volatiles, all references to water in the methods
REAGENT WATER: refer to water in which an interferant is not observed at

the method detection limit of the compounds of interest.
Organic-free reagent water can be generated by passing tap
water through a carbon filter bed containing about 1 pound
of activated carbon.  A water purification system may be
used to generate organic-free deionized water.
Organic-free reagent water may also be prepared by boiling
water for 15 minutes and, subsequently, while maintaining
the temperature at 90EC, bubbling a contaminant-free inert
gas through the water for 1 hour.

For semivolatiles and nonvolatiles, all references to
water in the methods refer to water in which an
interferant is not observed at the method detection limit
of the compounds of interest.  Organic-free reagent water
can be generated by passing tap water through a carbon
filter bed containing about 1 pound of activated carbon.
A water purification system may be used to generate
organic-free deionized water.

PRECISION: The agreement among a set of replicate measurements
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without assumption of knowledge of the true value.
Precision is estimated by means of duplicate/replicate
analyses.  These samples should contain concentrations of
analyte above the MDL, and may involve the use of matrix
spikes.  The most commonly used estimates of precision are
the relative standard deviation (RSD) or the coefficient
of variation (CV),

RSD = CV = 100 S/x,
_

where:
 x = the arithmetic mean of the x  measurements, and S =
_

i

variance; and the relative percent difference (RPD) when
only two samples are available.

RPD = 100 [(x  - x )/{(x  + x )/2}]. 1 2 1 2

PROJECT: Single or multiple data collection activities that are
related through the same planning sequence.

QUALITY ASSURANCE An orderly assemblage of detailed procedures designed to
PROJECT PLAN produce data of sufficient quality to meet the data
(QAPjP): quality objectives for a specific data collection

activity.

RCRA: The Resource Conservation and Recovery Act.

REAGENT BLANK: See Method Blank.

REAGENT GRADE: Analytical reagent (AR) grade, ACS reagent grade, and
reagent grade are synonymous terms for reagents which
conform to the current specifications of the Committee on
Analytical Reagents of the American Chemical Society.

REAGENT WATER: Water that has been generated by any method which would
achieve the performance specifications for ASTM Type II
water.  For organic analyses, see the definition of
organic-free reagent water.

REFERENCE MATERIAL: A material containing known quantities of target analytes
in solution or in a homogeneous matrix.  It is used to
document the bias of the analytical process.

SPLIT SAMPLES: Aliquots of sample taken from the same container and
analyzed independently.  In cases where aliquots of
samples are impossible to obtain, field duplicate samples
should be taken for the matrix duplicate analysis.  These
are usually taken after mixing or compositing and are used
to document intra- or interlaboratory precision.
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STANDARD ADDITION: The practice of adding a known amount of an analyte to a
sample immediately prior to analysis.  It is typically
used to evaluate interferences.

STANDARD CURVE: A plot of concentrations of known analyte standards versus
the instrument response to the analyte.  Calibration
standards are prepared by successively diluting a standard
solution to produce working standards which cover the
working range of the instrument.  Standards should be
prepared at the frequency specified in the appropriate
section.  The calibration standards should be prepared
using the same type of acid or solvent and at the same
concentration as will result in the samples following
sample preparation.  This is applicable to organic and
inorganic chemical analyses.

SURROGATE: An organic compound which is similar to the target
analyte(s) in chemical composition and behavior in the
analytical process, but which is not normally found in
environmental samples.

TRIP BLANK: A sample of analyte-free media taken from the laboratory
to the sampling site and returned to the laboratory
unopened.  A trip blank is used to document contamination
attributable to shipping and field handling procedures.
This type of blank is useful in documenting contamination
of volatile organics samples.
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 اهيحخّيبح
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- ثُضقج٤َُ ث٤ٔ٤ٌُجة٤ز)ث٤ُٔجٙ ثُضقج٤َُ ثُؼؼ٣ٞز ك٢ ٗظٌر ػجٓز ػ٠ِ ثُذٌٗجٓؼ ثُضو٣ًذ٠ : أٝلا

 (ثُضقٌْ ك٢ ؽٞهر ٝههز ثُ٘ضجةؼ

 اهِدف اهؾبى هودّرث اهخدريتيج .1

 

ٗظشثٌ ُخطٞسر ثُِٔٞعجس ٝثُؼن٣ٞز  ثُـ٤ش ػن٣ٞز ػ٠ِ ثُذ٤تز ،  ٝفشفج ػ٢ِ علآز 

 458فقز ث٧ٗغجٕ ٝٗٞػ٤ز ٤ٓجٙ ثُؾشح كوذ أٛضٔش ثُٔٞثفلز ثُو٤جع٤ز ٤ُٔجٙ ثُؾشح  سهْ 

ٓذ٤ذثس، :  ٓشًذجً ػذجسر ػ82ٖ دجٌُٔٞٗجس ثُؼن٣ٞز فض٢ أؽضِٔش ػ٢ِ 2007ُغ٘ز 

٤ٛٝذسًٝشدٞٗجس دضش٤ُٝز، ٝك٤٘ٞلاس، ٝٓز٣ذجس ٤ٛذسًٝشد٤ٗٞز ٝٛجُٞؽ٤٘٤ز ٝٓٞثد ٗجصؾز 

ُزث كئٕ ثُطشم ثُضو٤ِذ٣ز أفذقش ؿ٤ش ًجك٤ز ُضو٤٤ْ . ػٖ إمجكز ثٌُِٞس ك٢ ػ٤ِٔجس ثُضؼو٤ْ

ُِٝضجًذ ٖٓ ؽٞدر ٝٗضجةؼ ثُضقج٤َُ صْ . ٗٞػ٤ز ث٤ُٔجٙ ٖٓ ف٤ظ فلاف٤ضٜج ُلاعضخذثّ ث٥د٢ٓ

 ٤ُوٟٞ ) Quality assurance QA and Quality control)ث٧ٛضٔجّ دذشٗجٓؼ  

٣ٝؾغذ كؼج٤ُز  د٤جٗجس ثُضق٤َِ، ٩صثُز أٝ صو٤َِ ث٧خطجء ثُض٠ سدٔج صضٞثؽذ ك٠ ثُؼ٤ِٔجس 

ٝهشم أخز ثُؼ٤٘جس، , ثُٔؼ٤ِٔز، ٝثُض٠ صضغذخ ٖٓ ث٧ؽخجؿ، ٝث٧ؽٜضر، ٝث٧دٝثس

 .ٝهش٣وز ثُضق٤َِ

 

ٖٝٓ عْ كئٕ ثُٜذف ثُشة٤ظ ٖٓ ٛزٙ  ثُقِوز ثُذسثع٤ز ٛٞ؛ ص٤ٌٖٔ ًَ دثسط ٖٓ ثُٞهٞف 

ػ٠ِ ثعظ ثُطشم ثُقذ٣غز ك٢ صقذ٣ذ ٝصوذ٣ش ثُِٔٞعجس ثُـ٤ش ثُؼن٣ٞز  ٓضنٔ٘ز صطذ٤ن 

.  (  QA/QC  ) دشٗجٓؼ

.  ٝصو٤٤ْ ثُٔؼَٔ ص٤ٜٔذث ُضطذ٤ن دشٗجٓؼ ثُضؤ٤ٖٓ ٝثُضقٌْ ك٠ ثُؾٞدر

 

دذءث ٖٓ ؽٔغ ثُؼ٤٘جس، -  ٝدٔؼشكز ثُذثسط أعظ صِي ثُ٘ظْ ٖٝٓ خلاٍ ػِٔٚ ٝصط٣ٞش ث٧دثء

ٝثُضؤًذ ٖٓ دهز أدثء ٝعجةَ ثُضق٤َِ ٝثصذجع ثُطشم ثُو٤جع٤ز ك٠ ثُضق٤َِ ٓغ صطذ٤ن دشثٓؼ 

QA/ QC))  ٝثُض٠ ٖٓ أٛذثكٜج صو٤َِ ث٧خطجء ك٠ ثُٔؼَٔ ٝثُض٠ ص٘ؼٌظ ػ٠ِ دهز ثُ٘ضجةؼ

ع٤ٌٕٞ ٛ٘جى ك٠ ثُٜ٘ج٣ز عؾلاس ُِ٘ضجةؼ ٝصق٤ِِٜج ٣ٌٖٔ ثلاػضٔجد ػ٤ِٜج -ثُٔضققَ ػ٤ِٜج 

. ُضؤ٤ًذ علآز ٤ٓجٙ ثُؾشح
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ٝك٠ ٜٗج٣ز ثُذشٗجٓؼ ٌٕٗٞ هذ أػذدٗج ًٞثدس ٖٓ ث٤ٌُٔجة٤٤ٖ ػ٠ِ دسث٣ز ًجك٤ز دج٧عظ ثُ٘ظش٣ز 

ٝثُؼ٤ِٔز ٤ٌُل٤ز ثُو٤جّ دجُضقج٤َُ ث٤ٌُٔجة٤ز ُِِٔٞعجس ثُـ٤ش ثُؼن٣ٞز ٝكن دشٗجٓؼ ثُضقٌْ ك٠ 

ٝهجدس٣ٖ ػ٠ِ ٗوَ ٓج صِوٞٙ خلاٍ ثُذٝسر ث٠ُ ٓؾٔٞػز أخشٟ ٖٓ ثُؼج٤ِٖٓ . ؽٞدر ثُ٘ضجةؼ 

٣ٝضْ صقذ٣ظ خذشثصْٜ دٌَ ٓج ٣خذّ ثُؼج٤ِٖٓ ك٠ ٛزث  ٝدجُضج٠ُ صضغغ ثُخذشر ثُ٘ظش٣ز ٝثُؼ٤ِٔز

. ثُٔؾجٍ ٝثُزٟ دذٝسٙ ٣٘ؼٌظ ػ٠ِ ٗٞػ٤ز  ثُٔ٘ضؼ ٖٓ ٤ٓجٙ ثُؾشح

 

 اهيجيّؽج اهيشخِدفج .2

  ٖثُؼج٤ِٖٓ دجُٔؼجَٓ ثُٔشًض٣ز ُؾشًجس ث٤ُٔجٙ ثُضجدؼز ُِؾشًز ثُوجدنز ث٤ٔ٤ٌُجة٤

 .٤ُٔجٙ ثُؾشح ٝثُقشف ثُقق٠

 

 ؽدد اهيخدرتيً .3

- ثُضقج٤َُ ث٤ٔ٤ٌُجة٤ز)ث٤ُٔجٙ ثُضقج٤َُ ثُؼن٣ٞز ك٢   دٝسر٣ذِؾ ػذد ثُٔضذسد٤ٖ ثُٔوذس ُقنٞس

 (ثُضقٌْ ك٢ ؽٞدر ٝدهز ثُ٘ضجةؼ- أعظ ثعضخذثّ ثُضقج٤َُ ثٌُشٝٓجصٞؽشثك٤ز

  ٓضذسح دجُٔؼَٔ ثُٔشًض١ دو٘ج7ػذد  

  دجُؾشًجس ثُضجدؼز ث٩ؽٔج٠ُ  ثُٔؼجَٓ ثُٔشًض٣ز ًَ ٓؼَٔ ٖٓ ٖٓ ٓضذسح 2ػذد 

 ٖٓ12 -15   .

 ثُٔؼجَٓ ثُٔشًض٣ز دجُوجٛشر ، ثُذق٤شر: ٌٓجٕ ثُذٝسر . 

 يٌِجيج اهخدرية .4

صؼضٔذ ٜٓ٘ؾ٤ز ثُضذس٣خ دجُذٝسر ػ٠ِ ػذر ثعظ ٣ٌٕٞ ثُٜذف ثُشة٤غ٠ ٜٓ٘ج صٞف٤َ 

ثُٔؼِٞٓز دغُٜٞز ٣ٝغش ُِٔضذسح ًٝزُي مٔجٕ ثُٔؾجسًز ثُلؼجُز ٖٓ ثُٔضذسد٤ٖ أع٘جء 

ؽِغجس ثُضذس٣خ ٝثُضؤًذ ٖٓ ثُلْٜ ثٌُجَٓ ُٔقض٣ٞجس ٝٓٞمٞػجس ثُذٝسر ٝثُضذس٣خ 

.  ثُؼ٠ِٔ ٝثُؾخق٠ ػ٠ِ ثُٔٞمٞػجس ثُض٠ عضض٘جُٜٝج ثُذٝسر

: ٛزث ٣ٌٖٝٔ صِخ٤ـ ثُٜٔ٘ؾ٤ز ثُٔضذؼز ك٤ٔج ٠ِ٣

 

 اهخٓ ٖولِٖب اهيدرة ذّ اهخترث تِدف خّضٖل أددد اهيؾوّيبح  :اهيحبظراح

 ؽوٓ ضّرث ٌغرٖج ّؽيوٖج ّاهخأند يً اهخعتٖق اهؾيوٓ تعرٖلج ضدٖدج ّؽوٓ 
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أشبس يً اهفِى ييب ٖينٌَ يً خلاشٓ الأخعبء اهخٓ يً اهيينً أً خوؾة دّرا فٓ 

 .ضدج اهٌخبئج اهخٓ ٖخدضل ؽوِٖب ّاهخٓ خِخى تجّدث يٖبٍ اهشرة

  اهشرائحPower point : اهخٓ خؾرط أذٌبء اهشرح لإتراز اهٌلبع اهرئٖشٖج هنل

 .يّظّػ فٓ خشوشل يٌعلٓ ّهظيبً ّخذتٖح اهيؾوّيج هدْ اهيخدرة

 ّٖدٖرُب اهيدرة أّ اهيدبظر ّخخٖخ ُذث اهيٌبكشبح :اهيٌبكشبح اهيفخّحج 

اهفرضج هختبدل الأراء ّخّجتَ الأشئوج ّ اهدضّل ؽوٓ يؾوّيبح جدٖدث نيب إٌَ 

ٖخى يً خلاهِب ٌلل اهيؾبرف ّاهخترث اهؾيوٖج ّاهٌغرٖج يً اهيدرة إهٓ اهيخدرتًٖ 

 .ّخضدٖخ ا هيفبُٖى غٖر اهضدٖدج  هدْ اهيخدرتًٖ

 خفٖد فٓ ؽرط اهيشبنل اهؾيوٖج اهخٓ ّٖاجِِب :دراشج اهحبلاح اهّاكؾيج ُّٓ 

اهيخدرتًّ أّ اهخٓ شّف ّٖاجٌِِّب فٓ ؽيوِى ّ أشبهٖة اهخغوة ؽوِٖب تبلاشوّة 

 .اهؾويٓ اهضدٖخ

 ّٓاهذْ شٖخبح تضّرث فردٖج هنل يخدرة تبشخخداى اهعرق :اهخدرية اهؾيو 

اهلٖبشٖج اهددٖذج هظيبً اهفِى اهخبى ّاهخعتٖق اهضدٖخ يً اهيخدرة هويؾوّيبح 

 .ّاهعرق اهؾيوٖج اهخٓ خى خدرٖشِب

 ٖخى إؽعبء اهيخدرة اهيراجؼ اهؾويٖج اهخٓ أؽخيد ؽوِٖب ّاهخٓ :اهيراجؼ اهؾوييج 

ٖينً اهرجّػ إهِٖب هزٖبدث اهخؾيق فٓ اهيجبل ّنذهم الإشبرث ّيٌبكشج اهنّد 

اهخبص تخشغٖل يدعبح يؾبهجج يٖبٍ اهضرف ّاهيّاضفبح اهددٖذج اهدبنيج 

 . ّاهيؾيّل تِب فٓ يضر ّؽوٓ اهيشخّْ اهدّهٓ فٓ يجبل يٖبٍ اهضرف

  فٓ ٌِبيج اهدّرث يخى خلييى اهحبظريً يً خلال اخختبر خحريرْ فٓ يّاد

 .اهدّرث
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 يشبؽداح اهخدرية .5

  جِبز ؽرط اهشرائخ(Power Point Projector) 

 شتّرث تٖظبء أّ شتّرث ّركٖج 

 شبشبح ؽرط. 

   

 ينبً اهخدرية ّ عريلج اهجوّس تجوشبح اهخدرية .6

ٖجوس اهيخدرتًّ ّفٓ يّاجِخِى اهيدبظر فٓ اهيٌخضف ّؽوٓ ٖيٌَٖ جِبز اهنيتّٖخر 

 ّشبشج اهؾرط ّؽوٓ ٖشبرٍ اهشتّرث اهتٖظبء أّ Power Pointهؾرط اهشرائخ 

اهشتّرث اهّركٖج ّٖنًّ ّظؼ نل يً شبشج اهؾرط ّاهشتّرث تدٖد ٖشيخ تشِّهج 

.  اهرؤٖج هجيٖؼ اهيخدرتًٖ

 

 يخرا هخشخّؽة اهيخدرتًٖ 7 × 5ّخلدر اهيشبدج اهيعوّتج هلبؽج اهخدرٖة تيب لا ٖلل ؽً 

ّٖوزى . ّاهيدرة هخشيخ تشِّهج درنج اهيدرة ّإينبٌٖج ّضّهج لأيبنً جوّس اهيخدرتًٖ

. أً خخّفر تبهلبؽج الإظبءث اهلازيج ّاهخِّٖج اهنبفٖج ّالأجِزث اهضّخٖج اهيٌبشتج
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خعج اهخدريس تبهدّرث اهخدريتيج  : ذبٌيب
 ٙث٤ُٔجثُضقج٤َُ ثُـ٤ٌ ثُؼؼ٣ٞز ك٢ دّرث  . أ

 ٠٘ٓ مًٞش٤و. أّضجى ْٓجػو : يحبظر

يشبؽد يً ُيئج اهؾبيويً تبهيؾيل اهذْ خخى فيَ اهدّرث ّذهم : خدريتبح ؽيويج

 .تبهخٌبّة

 

أُداف اهدّرث .1

اهِدف اهرئٖس يً ُذٍ  اهدولج اهدراشٖج ُّ؛ خينًٖ نل دارس يً اهّكّف ؽوٓ اشس 

 QA/QC  ) اهعرق اهددٖذج فٕ خددٖد ّخلدٖر اهيوّذبح اهؾظّٖج  يخظيٌج خعتٖق ترٌبيج

.  ّخلٖٖى اهيؾيل خيِٖدا هخعتٖق ترٌبيج اهخأيًٖ ّاهخدنى فٓ اهجّدث 

 

اهخأند يً دكج أداء ّشبئل اهخدوٖل ّاختبػ اهعرق اهلٖبشٖج فٓ اهخدوٖل يؼ خعتٖق ترايج 

QA/ QC ّاهخٓ يً أُدافِب خلوٖل الأخعبء فٓ اهيؾيل ّاهخٓ خٌؾنس ؽوٓ دكج اهٌخبئج 

شٖنًّ ٌُبم فٓ اهٌِبٖج شجلاح هوٌخبئج ّخدوٖوِب ٖينً الاؽخيبد ؽوِٖب -اهيخدضل ؽوِٖب 

. هخأنٖد شلايج يٖبٍ اهشرة

 

ّفٓ ٌِبٖج اهترٌبيج ٌنًّ كد أؽددٌب نّادر يً اهنيٖبئًٖٖ ؽوٓ دراٖج نبفٖج تبلأشس 

اهٌغرٖج ّاهؾيوٖج هنٖفٖج اهلٖبى تبهخدبهٖل اهنيٖبئٖج هويوّذبح اهغٖر ؽظّٖج ّفق ترٌبيج 

ّكبدرًٖ ؽوٓ ٌلل يب خولٍّ خلال اهدّرث اهٓ يجيّؽج أخرْ يً . اهخدنى فٓ جّدث اهٌخبئج 

ّٖخى خددٖد ختراخِى تنل يب ٖخدى اهؾبيوًٖ  اهؾبيوًٖ ّتبهخبهٓ خخشؼ اهخترث اهٌغرٖج ّاهؾيوٖج

. فٓ ُذا اهيجبل ّاهذْ تدّرٍ ٌٖؾنس ؽوٓ ٌّؽٖج  اهيٌخج يً يٖبٍ اهشرة
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 يّظّؽبح اهدّرث 2

  هويّاظٖؼ اهخبهٖجّٖشخيل اهترٌبيج ؽوٕ شرح خفضٖوٕ ّيتشع

 (اهيؾبدً اهذليوج) ؽظّيج اهغير اهيوّذبح

 .ّيشخؾرط اٌّاػ عرق اهخحويل اهيشخخديج ّؽيويج أخد ّحفغ اهؾيٌبح 

  هويؾبدً اهخحويل اهنيييبئي 
Analytical Procedures for Metals 

- اهيؾبدً اهذائتج)اهيؾبيوج الأّهٖج هوؾٌٖبح ختؾب هويؾبدً اهيراد خلدٖرُب ّٖشخيل ؽوٕ نٖفٖج 

نيب ٖشخيل (. اهيؾبدً اهخٓ ٖينً اشخخلاضِب تبهدبيط  - (suspended metal )اهغٖر ذائتج

. ؽوٓ عرق اهِظى اهيخخوفج ّنٖفٖج إخخٖبر اهدبيط

: :Quality Controlاهخحلق يً ضحج اهٌخبئج

ٖخظيً ُذا اهفضل اهؾٌبضر الأشبشٖج  هترٌبيج اهخدلق يً ضدج اهٌخبئج ّٖدخّٔ ؽوٕ خؾرٖف 

ؽظّٖج، اهغٖر اهدراس تبهؾٌبضر الأشبشٖج هترٌبيج اهخدنى فٕ جّدث ٌخبئج خدوٖل اهيوّذبح 

 ّنٖفٖج اهلٖبى تبهؾيوٖبح اهدشبتٖج هلٖبس دكج ّدشبشٖج ّنفبءث اهعرٖلج اهيشخخديج

:  ICPجِبز الإيخضبص اهذرْ ّجِبز أشس أشخخداى 

 ، الأجزاء AAS and ICP))اهلٖبس اهيخخوفج ّٖشخيل ُذا اهفضل ؽوٕ اشس اشخخداى أجِزث 

رّف اهيخخوفج اهخٕ خؤذرؽوٕ ؽيوٖبح اهغ عرٖلج خددٖد ّخؾًٖ اهيوّذبح، ًّٖاهرئٖشٖج هوجِبز

.  اهخدوٖل

 يدث اهدّرث 3

ّ ٖتدأ اهؾيل ّٖيٖب يً .  شخج أٖبى  خلال أشتّػيدث فٓ اهيؾبيل اهيرنزٖج خشخغرق اهدّرث 

ذيبٌٕ شبؽبح ّاهٌضف تؾد اهغِر، أْ يدث هراتؾج ضتبدب دخٓ اهشبؽج ااهخبشؾج اهشبؽج 

 ٖخخووِب أشخرادخبً الاّهٕ يدخِب ٌضف شبؽج أيب اهذبٌٖج أشخرادج يدخِب   ّٖيٖبٌّضف

( .شبؽبح ؽيوّٓأرتؼ  ٌغرْ اًتّاكؼ شبؽبح)  هخٌبّل اهيشرّتبح ّاهغداءشبؽج
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 اهترٌبيج اهزيٌٓ هودّرث 4.أ

اهيحخّْ اهيّظّػ اهخّكيح اهجوشج اهيّى 

ث٤ُّٞ 

ثلأٍٝ 

 إّضوذجٍ ٝ صْؾ٤َ ثُٔشج٤ًًٖ ك٠ ثُوًٝر 8:30ؽِْز ثلإكضضجؿ 

  11-9 ثُؾِْز ثلأ٠ُٝ

ثُضؼجًف  

ثُٔووٓز ٝثُٜوف 

ٝثمضذجً ص٤ٜٔو١ ُضق٤و ْٓض١ٞ ثُٔضوًد٤ٖ ٖٓ ثُوًٝر 

  ثُوًٝرأٛوثف 

 أ٤ٔٛز دٌٗجٓؼ ثُضقج٤َُ ثُٔضووٓز 

 ٓقض٣ٞجس ثُوًٝر 

  ٖصو٤ْ ٓذوة٢ ُِٔضوًد٤

 صــــ٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11.30-11.00ثّضٌثفٚ 

 ثُٔووٓز  رثُـ٤ٌ ػؼ١ٞثُِٔٞعجس  2.30-12.00 ثُؾِْز ثُغج٤ٗز

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 1.00-2.00 

 ٙصوو٣ٌ ثُٔؼجهٕ ثُغو٤ِز ك٠ ػ٤٘جس ث٤ُٔج 3:00 – 2.00ثُؾِْز ثُغجُغٚ 

  َثٗٞثع ؽٌم ثُضق٤ِ 

 ػ٤ِٔز أمو ٝفلع ثُؼ٤٘جس 

 ثُٔؼجِٓز ثلأ٤ُٝز ُِؼ٤٘جس ٝ ؽٌم ثُٜؼْ ثُٔنضِلز. 

 ػ٠ِٔ  ثّضٌثفٚ

  صؾ٤َٜ ثَُؽجؽ٤جس ثُلآٍز 

 ث٤ٌُٔج٣ٝجس ٝثٌُٞثشق  

 َٔأؽَٜر ٝأهٝثس ثُٔؼ. 



ثُٔؼجَٓ ث٣ًٌَُٔز -  دٌٗجٓؼ صو٣ًخ ثُؼج٤ِٖٓ دجُشًٌجس ثُضجدؼز ُِشًٌز ثُوجدؼز ٤ُٔجٙ ثُشٌح ٝ ثُظٌف ثُظق٠ 

   ثُقشف ثُقق٠خطز ثُضذس٣ظ ُِذٝسر ثُضذس٣ذ٤ز ك٠ ٓؾجٍ ٤ٓجٙ 
 ______________________________________________________________________________________________________________________________________________________________________
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ث٤ُّٞ 

 ثُغج٠ٗ

 

ثلأ٢ُٝ ثُؾِْز 
 صق٤َِ ثُؼ٘جطٌ ثُغو٤ِز ٓضَ ثُقو٣و ٝثُٔ٘ؾ٤َ٘ ٝثُ٘قجُثُضطذ٤ن ثُؼ٢ِٔ ُطٌم ثُٜؼْ ثُٔنضِلز  11.00- 9:00

 ص٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11:30-11ثّضٌثفٚ  

 1.00-11.30ُغج٤ٗز ثُؾِْز ث
 

   ًٟشٌؿ ٗظ٣ٌز ػَٔ ؽٜجٍ ؽ٤ق ثلآضظجص ثُي

Flame  ٝؽٌم صقؼ٤ٌ ثُٔقج٤َُ ثُو٤ج٤ّز  .

 

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 2.00-1.00ثّضٌثفز 

صطذ٤ن ؽٌم صقؼ٤ٌ ثُٔقج٤َُ ثُو٤ج٤ّز  ػ٠ِٔ   4:30 – 2:00ثُؾِْز ثُغجُغز 

ث٤ُّٞ 

 ثُغجُظ

 11.00- 9:00ثلأ٢ُٝ ثُؾِْز 

  

شٌؿ ٗظ٣ٌز ػَٔ ؽٜجٍ ؽ٤ق ثلآضظجص ثُيًٟ  

Graphite  ٝؽٌم صقؼ٤ٌ ثُٔقج٤َُ ثُو٤ج٤ّز . 

  

 ص٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11:30-11أّضٌثفٚ 

   ػ٠ِٔ  1.00-11.30ُغج٤ٗز ثُؾِْز ث

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 2.00-1.00ثّضٌثفز 

 صطذ٤ن ؽٌم صقؼ٤ٌ ثُٔقج٤َُ ثُو٤ج٤ّز  ػ٠ِٔ 4:30 – 2.00ثُؾِْز ثُغجُغز 



ثُٔؼجَٓ ث٣ًٌَُٔز -  دٌٗجٓؼ صو٣ًخ ثُؼج٤ِٖٓ دجُشًٌجس ثُضجدؼز ُِشًٌز ثُوجدؼز ٤ُٔجٙ ثُشٌح ٝ ثُظٌف ثُظق٠ 

   ثُقشف ثُقق٠خطز ثُضذس٣ظ ُِذٝسر ثُضذس٣ذ٤ز ك٠ ٓؾجٍ ٤ٓجٙ 
 ______________________________________________________________________________________________________________________________________________________________________
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ث٤ُّٞ 

 ثٌُثدغ

 11.00 – 9:00ثلأ٢ُٝ ثُؾِْز 
 

 ٗظٌٟ
 ٍشٌؿ ٗظ٣ٌٚ ػَٔ ؽٜج(PCI  ) 

 ص٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11:30-11ثلأّضٌثفٚ ثلأ٢ُٝ 

ثُضقون ٖٓ طقٚ ثُ٘ضجةؼ  1.00-11.30ُغج٤ٗز ثُؾِْز ث

 صؼ٣ٌلجس Definitions 

 مطٞثس ثُضقون ٖٓ طقز ثُ٘ضجةؼ 

  ثُضقون ٖٓ ؽٞهر ٝههز ثُ٘ضجةؼ

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 2.00-1.00ثّضٌثفز 

لى 4:30 – 2.00   عم
ياس  ثُؼ٘جطٌ ثُغو٤ِٚ ٓغَ ثَُةذن ػ٠ِ ؽٜجٍ ق

 Hydride system ؽ٤ق ثلآضظجص ثُيًٟ

ث٤ُّٞ 

 ثُنجِٓ

 11.00- 9:00ثلأ٢ُٝ ثُؾِْز 
 

ٗظٌٟ 
 ٍشٌؿ ٗظ٣ٌٚ ػَٔ ؽٜج(PCI  ) 

 ص٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11:30-11ثلأّضٌثفٚ ثلأ٢ُٝ 

ثُضقون ٖٓ طقٚ ثُ٘ضجةؼ  1.00-11.30ُغج٤ٗز ثُؾِْز ث

 صؼ٣ٌلجس Definitions 

 مطٞثس ثُضقون ٖٓ طقز ثُ٘ضجةؼ 

 ثُضقون ٖٓ ؽٞهر ٝههز ثُ٘ضجةؼ 

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 2.00-1.00ثّضٌثفٚ 

 



ثُٔؼجَٓ ث٣ًٌَُٔز -  دٌٗجٓؼ صو٣ًخ ثُؼج٤ِٖٓ دجُشًٌجس ثُضجدؼز ُِشًٌز ثُوجدؼز ٤ُٔجٙ ثُشٌح ٝ ثُظٌف ثُظق٠ 

   ثُقشف ثُقق٠خطز ثُضذس٣ظ ُِذٝسر ثُضذس٣ذ٤ز ك٠ ٓؾجٍ ٤ٓجٙ 
 ______________________________________________________________________________________________________________________________________________________________________

 

11 

 

 

ث٤ُّٞ 

 ثُْجهُ

 

ثلأ٢ُٝ ثُؾِْز 
 ٌٓثؽؼز ػجٓز  11.00- 9:00

 ص٘جٍٝ ثُشـــــــــــــــــــــــــــــجٟ 11:30-11ثّضٌثفٚ  

 ثُضو٤ْ ثُ٘ظ١ٌ ُِٔضوًد٤ٖ  1.00-11.30ُغج٤ٗز ثُؾِْز ث

 ص٘ــــجٍٝ ثُـــــــــــــــــــــوثء 2.00-1.00ثّضٌثفز 

 ثُضو٤ْ ثُؼ٢ِٔ ُِٔضوًد٤ٖ   4:30 – 2:00ثُؾِْز ثُغجُغز 

 



1

03.03.2011 Seite 1Seite 103.03.2011

ثٌُــــ٤ٔ٤جء ثُـ٤ش ػنـــ٣ٞٚ ثُٔضـوــــذٓٚ
Advanced Inorganic Chemistry

:  إػذثد
٠٘ٓ خٞسؽ٤ذ/ أعضجر ٓغجػذ 

ثُٔؼَٔ ثُٔشًضٟ ُضق٤َِ ٓضذو٤جس ثُٔذ٤ذثس ٝثُؼ٘جفش ثُغو٤ِز ك٠ 

ٓشًض ثُذقٞط ثُضسثػ٤ز  -ث٧ؿز٣ز

03.03.2011 Seite 2Seite 2

ػن٣ٞزثُـ٤ش ثُِٔٞعجس 
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ثُٜذف ٖٓ ثُذٝسر

ثُقِوز ثُذسثع٤ز ٛٞ؛ ص٤ٌٖٔ ًَ دثسط ٖٓ ثُٜذف ثُشة٤ظ ٖٓ ٛزٙ•

ثُٞهٞف ػ٠ِ ثعظ ثُطشم ثُقذ٣غز ك٢ صقذ٣ذ ٝصوذ٣ش ثُِٔٞعجس 

. (  QA/QC  )ٓضنٔ٘ز صطذ٤ن دشٗجٓؼثُـ٤شػن٣ٞز

د٤جٗجس ثُضق٤َِ، ٩صثُز أٝ صو٤َِ ث٧خطجء ثُض٠ سدٔج صو٣ٞز ٝصؾغ٤ذ كؼج٤ُز•

صضٞثؽذ ك٠ ثُؼ٤ِٔجس ثُٔؼ٤ِٔز، ٝثُض٠ صضغذخ ٖٓ ث٧ؽخجؿ، ٝث٧ؽٜضر، 

ٝصو٤٤ْ ثُٔؼَٔ ص٤ٜٔذث . ٝهشم أخز ثُؼ٤٘جس، ٝهش٣وز ثُضق٤َِ, ٝث٧دٝثس

ُضطذ٤ن دشٗجٓؼ ثُضؤ٤ٖٓ ٝثُضقٌْ ك٠ ثُؾٞدر

03.03.2011 Seite 4Seite 4

إػذثد ًٞثدس ٖٓ ث٤ٌُٔجة٤٤ٖ ػ٠ِ دسث٣ز ًجك٤ز دج٧عظ ثُ٘ظش٣ز •

ٝثُؼ٤ِٔز ٤ٌُل٤ز ثُو٤جّ دجُضقج٤َُ ث٤ٌُٔجة٤ز ُِِٔٞعجس ثُـ٤شػن٣ٞز 

ٝهجدس٣ٖ ػ٠ِ ٗوَ ٓج صِوٞٙ . ٝكن دشٗجٓؼ ثُضقٌْ ك٠ ؽٞدر ثُ٘ضجةؼ 

خلاٍ ثُذٝسر ث٠ُ ٓؾٔٞػز أخشٟ ٖٓ ثُؼج٤ِٖٓ ٝدجُضج٠ُ صضغغ 

ثُخذشر ثُ٘ظش٣ز ٝثُؼ٤ِٔز

٣ٝضْ صقذ٣ظ خذشثصْٜ دٌَ ٓج ٣خذّ ثُؼج٤ِٖٓ ك٠ ٛزث ثُٔؾجٍ ٝثُزٟ •

ثُٔ٘ضؼ ٖٓ ٤ٓجٙ ثُؾشحدذٝسٙ ٣٘ؼٌظ ػ٠ِ ٗٞػ٤ز
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صقذ٣ذ ٗٞػ٤ز ٝؽٞدر  ث٤ُٔجر دئؽشثء ث٩خضذجسثس  ُضوذ٣ش •

ثُِٔٞعجس ؿ٤شػن٣ٞز  ٝٓوجسٗضٜج دجُٔٞثفلز ثُو٤جع٤ز ٤ُٔجٙ 

.2007ُغ٘ز  458سهْ ثُؾشح

ثُضقون ٖٓ صٞثكش ثُٜذف ث٧عجع٠ ٖٓ ٝسثء ٓؼجُؾز ث٤ُٔجٙ ٝٛٞ •

فٔج٣ز ثُققز ثُؼجٓٚ ٝٓ٘غ ثٗضؾجس ث٧ٓشثك د٤ٖ ؽٜٔٞس 

ثُٔغض٤ٌِٜٖ

03.03.2011 Seite 6Seite 603.03.2011

ثُٞهٞف ػ٠ِ ثدثء ًجكز ٓشثفَ ثُٔؼجُؾز ٝٓؼجُؾز ثُوقٞس  •

.ثٕ ٝؽذ ك٠ ثفذثٛج

ثُٞهٞف ػ٠ِ فجُز ؽذٌجس ثُضٞص٣غ ٝثُقجؽز ث٠ُ ثُق٤جٗٚ ٖٓ •

خلاٍ صوذ٣ش ٓذٟ ثُضـ٤ش ك٠ خقجةـ ث٤ُٔجٙ ٗض٤ؾز ٓشٝسٛج 

ك٤ٜج ُٝنٔجٕ ٝفٍٞ ث٤ُٔجٙ ث٠ُ ثُٔغضِٜي دجهَ صـ٤شثس 

.ٌٓٔ٘ٚ ك٠ ثُخقجةـ ػ٘ذ خشٝػ ث٤ُٔجٙ ٖٓ ٓقطز ثُٔؼجُؾٚ
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دشٗجٓؼ ثُذٝسر

 ػن٣ٞزثُـ٤ش ثُِٔٞعجس 

  ٣ٝقض١ٞ ػ٢ِ أٗٞثع ثُِٔٞعجس ثُؼن٣ٞز ٝصوغ٤ٜٔجػ٢ِ هشم

ثعضخلاؿ ثُٔذ٤ذثس ثُؼن٣ٞز ٝث٤ُٜذسًٝشدٞٗجس ٝثُٔٞثد ثُل٤ُٞ٘٤ز، 

ًٔج ٣ضنٖٔ ثُلقَ ٤ًل٤ز ص٘و٤ز ٝكقَ ٌٓٞٗجس ثُؼ٤٘ز دئعضخذثّ 

ػٔٞد ثُلقَ ٝثُٔقض١ٞ ػ٢ِ ٓٞثد أدٓقجؿ ٓخضِلز ٓغَ أًغ٤ذ 

.ثلا٤ُّٗٞٔٞ ٝثُغ٤ٌِج ؽَ ٝثُلِٞع٤َ

03.03.2011 Seite 8Seite 8

 ٤ًل٤ز صقن٤ش ثُٔقج٤َُ ثُؼ٤جس٣ز ُٔذ٤ذثس ث٤ُٜذسًٝشدٞٗجس

ثٌُِٞس٣ز ٝثُلغلٞس٣ز ٝٓؾٔٞػز ثٌُشدجٓجس ًٔج ٣ضنٖٔ ظشٝف 

صؾـ٤َ ؽٜجص ثٌُشٝٓجصٞؽشثف ثُـجص١ ٝثُغجةَ ك٢ صقذ٣ذ ٝصؼ٤ٖ 

ثُٔذ٤ذثس ثُؼن٣ٞز ك٢ ٤ٓجٙ ثُؾشح
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 ٖٓ ٤ًل٤ز صقذ٣ذ ٝصؼ٤ٖ ثُِٔٞعجس ثُؼن٣ٞز ثُٜجُٞؽ٤٘٤ز ثُ٘جصؾز

أمجكز ثٌُِٞس ث٢ُ ٤ٓجٙ ثُؾشح ٝصلجػَ ثٌُِٞس ٓغ ثُٔٞثد ثُؼن٣ٞز 

ٝخجفز ث٤ُٝ٧ز ٜٓ٘ج ٓؾضٔلا ػ٢ِ صقن٤ش ثُٔقج٤َُ ثُو٤جع٤ز 

.ٝظشٝف صؾـ٤َ ؽٜجص ثٌُشٝٓجصٞؽشثف ثُـجص١

03.03.2011 Seite 10Seite 10

ُذشٗجٓؼ ثُضقون ٖٓ فقز ثُ٘ضجةؼ ٣ٝقض١ٞ ثُؼ٘جفش ث٧عجع٤ز

ػ٢ِ صؼش٣ق ثُذسثط دجُؼ٘جفش ث٧عجع٤ز ُذشٗجٓؼ ثُضقٌْ ك٢ 

ؽٞدر ٗضجةؼ صق٤َِ ثُِٔٞعجس ثُؼن٣ٞز، ٤ًٝل٤ز ثُو٤جّ دجُؼ٤ِٔجس 

.ثُقغجد٤ز ُو٤جط دهز ٝفغجع٤ز ًٝلجءر ثُطش٣وز ثُٔغضخذٓز

 ثعظ ثعضخذثّ أؽٜضر ثٌُشٝٓجصٞؽشثف ، ث٧ؽضثء ثُشة٤غ٤ز

ُِؾٜجصهش٣وز صقذ٣ذ ٝصؼ٤ٖ ثُِٔٞعجس، ٝثُظشٝف ثُٔخضِلز ثُض٢ 

صؤعشػ٢ِ ػ٤ِٔجس ثُضق٤َِ؛ ًذسؽز ثُقشثسر ٝثُٞعو ثُغجة٢ِ 

ٝثُـجص ثُخجَٓ ٝٗٞع ثٌُجؽق
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 Inorganic:امونُذبح امغير امعطُيج امشحيحج
Micropollutants

ويبً امشرة عرطٌ منخنُد تبموُاد امعطُيج ُاموعبدى امذقينج يخيجج 
منذُرث امصيبعيج ُالازديبد في اشخخداه اموتيداح ُالأشودث امعطُيج 

تبلإطبفج إمى اشخخداه املنُر في عونيج خيقيج . ُاموُاد امتخرُليويبئيج
ويبً امشرة ييخج عيٌ خلُى وُاد عطُيج ٍبمُجييج ذاح خأذير طبر 

عنى صحج الإيشبى ، وذل وشخقبح امويذبى ُحوض امخنيك امَبمُجيييج 
(Trihalomethanes and Haloacitic acids)

03.03.2011 Seite 12Seite 12

مذا فإى امظرق امخقنيديج مخحنيل امويبً تبمرغه أٍويخَب أصتحح  
غير لبفيج مخقيه يُعيج امويبً وى حيد صلاحيخَب ملاشخخداه  

ُجة دراشج امظرق امحديذج مقيبس امونُذبح  ذمك م. الأدوي
.(Micropoiillutants Analysis)امدقيقج 
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 ٛزث ثُٔ٘طِن ٝؽخ دسثعز ثُطشم ثُقذ٣غز ُو٤جط ٖٓٝ

ٝ صوغْ  (heavy metals analysisثُؼ٘جفش ثُٔؼذ٤ٗز 

:إ٠ُ  (Heavy Metals) ثُؼ٘جفش ثُٔؼذ٤ٗز

: Macro):ػ٘جفش ٓؼذ٤ٗز ًذشٟ • Major Elements) 

%(   2–1.2)ٖٓ ٝصٕ ثُؾغْ ٓغَ ثٌُجُغ٤ّٞ %  35ٝصٔغَ 

ٝثُقٞد٣ّٞ ٝثُذٞصجع٤ّٞ ٝثٌُِٞس ( 0.07)ٝثُلغلٞس 

.ٝثٌُذش٣ش ٝثُٔجؿ٘غ٤ّٞ

03.03.2011 Seite 14Seite 14

: Micro):ٝػ٘جفش ٓؼذ٤ٗز فـشٟ مشٝس٣ز ُِؾغْ •

Essential elements)  

ٝهذ صغ٠ٔ دجُؼ٘جفش ثُذه٤وز ًجُقذ٣ذ ٝثُضٗي ٝثُ٘قجط •

.ٝلآ٘ؾ٤٘ض ٝثٌُٞدِش ٝث٤ُٞد ٝثُُٔٞذ٤ذ٤ْٗ
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 Possibly Essential):أٝ ثُؼ٘جفش ثُٔقضَٔ أٜٗج مشٝس٣ز ُِؾغْ •

Elements)  ًشفجؿ ٝثٌُجد٤ّٓٞ ٝثُضس٤ٗخ ٝثُغ٤٘٤ِّٞ ٝثُلِٞس

.ٝثُلج٤ّٗٞ ٝثٌُشّٝ ٝثُوقذ٣ش ٤ٌَُ٘ٝ ٝثُغ٤ِ٤ٌٕٞ ٝثُذشٝسٕٝ ٝثُذجس٣ّٞ

 Non Essential)ًٔج صٞؽذ ػ٘جفش ؿ٤ش مشٝس٣ز ُِؾغْ  ِٓٞعز •

Elements:Contaminant)  ٓغَ ث٤ُ٘ٓٞ٧ّٞ ٝث٧ٗض٤ٕٔٞ ٝثُذضٓٞس

ٝثُؾشٓج٤ّٗٞ ٝثُزٛخ ٝثُلنز ٝثُشد٤ذ٣ْ ٝٛزث ٣ؤدٟ ث٠ُ إفجدز ثلاٗغجٕ 

.دجُؼذ٣ذ ٖٓ ث٧ٓشثك ٗض٤ؾز صِٞط ٤ٓجٙ ثُؾشح

03.03.2011 Seite 16Seite 16

: )(water Lead Pollutionصِٞط ث٤ُٔجٙ دجُشفجؿ 

 صضِٞط ث٤ُٔجٙ دؼ٘قش ثُشفجؿ ٗض٤ؾز ٓلآغز ثُٜٞثء ثُِٔٞط دٚ ُِٔغطقجس

ثُٔجة٤ز أٝ ثُٜٞثء ثُِٔٞط دؼجدّ ثُغ٤جسثس أٝ ٓذثخٖ ٓقجٗغ ثٌُذش٣ش ٝثُطلاء 

ٝثُٞسم ٝثُوقذ٣ش ٝثُقل٤ـ ًٔج ٣ٌٖٔ ٝإٔ صضِٞط ث٤ُٔجٙ ٗض٤ؾز هلاء ثُخضثٗجس 

ٝأٗجد٤خ ث٤ُٔجٙ ٝثُؾذسثٕ ثُذثخ٤ِز أٝ ٣غضخذّ ك٠ ثُِقجّ ٝثُزٟ ٣ضقٍٞ 

ٌُشدٞٗجس سفجؿ لا ص٘قَ ك٠ ثُٔجء ك٤ؼن صغشح ثُشفجؿ ٖٓ ؽذ٣ذ ُِٔجء 

أٝ هذ ٣ٌٕٞ . ٝصضدثد ٗغذز ثُشفجؿ ك٠ ث٤َُِ ٝثُقذجؿ ثُذجًش ُشًٞدٙ ث٤ُٔجٙ دٚ

ٓقذس ثُضِٞط ٛٞ عقخ ِٓٞعز دٚ ٝٓٔطشر ٝهذ ٣ٌٕٞ ٓقذس ثُضِٞط ٛٞ فشف 

.٤ٓجٙ ٓخِلجس ثُٔقجٗغ دج٧ٜٗجس ٝثُذقجس ثُوش٣ذزٖٓ ٛزٙ ثُٔقجٗغ
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 ٙؽضء  0.10-1)ُضش /٤ٌٓشٝؽشثّ 10-1ٝصذِؾ ٗغذز ثُشفجؿ دج٤ُٔج

(. ppb:ك٠ ثُذ٤ِٕٞ 

ػج٠ُ ٓخ٤ق ك٠ ث٥ٝٗز  َُٝٞفظش ص٣جدر ك٠ صش٤ًض ثُشفجؿ دؾٌ

ث٧خ٤شر ك٠ ٤ٓجٙ ثُٔق٤طجس كضنجػلش خٔظ ٓشثس خجفز ك٠ ؽٔجٍ 

ثُٔق٤و ث٧هِ٘ط٠ ًٝزُي دِؾ ػذر أؽضثء كلا ث٤ُِٕٔٞ ػ٠ِ ث٤ُٔجٙ ث٩ه٤ٔ٤ِز 

ك٠ ف٤ٖ ( ٓضش ٖٓ ثُؾٞثهب 220أٟ ػ٠ِ دؼذ ٣ذِؾ ) ُؾٞثهب ُذ٘جٕ 

( ؽضء ك٠ ث٤ُِٕٔٞ 480–150)دِـش ٓغضٟٞ ٛجةَ ٝٓخ٤ق ُِـج٣ز 

دؤٗغؾزثٌُجة٘جس ثُذقش٣ز ك٠ خ٤ِؼ صغج٤ُٗٞي خجفز دجُوشح ٖٓ ٓؼَٔ 

.إٗضجػ ٓشًخ صضشث إ٣غ٤َ ثُشفجؿ

03.03.2011 Seite 18Seite 18

 ٝصشثًْ ؽض٣تجس ثُشفجؿ دؤٗغؾز ثٌُجة٘جس ثُق٤ز ًجُطقجُخ

ٝثُوؾش٣جس ٖٝٓ ًلاٛٔج ٣٘ضوَ ػذش ثُغلاعَ ثُـزثة٤ز ثُق٤ٞث٤ٗز 

٣ٝقَ ك٠ ثُٜ٘ج٣ز ُلاٗغجٕ
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ؽضء ك٠  0.1)ُضش / ؾِْٓ 0.1ثسصلجع ٗغذز ثُشفجؿ ػٖ 

د٤ٔجٙ ثُؾشح ٣ؤدٟ ُظٜٞس أػشثك ثُضغْٔ ( ث٤ُِٕٔٞ

دجُشفجؿ ك٠ فٞسر خطٞه صسهجء ٓغٞدر دجُِغز ٝصٌغ٤ش 

ًشثس ثُذّ ثُقٔشثء ٝإٓغجى ثٗخلجك ٗغذز ث٤ُٜٔٞؽِذ٤ٖ ٓغ أُْ 

دجُقشر أٝ صقضٜج ٝدض٣جدر ؽذر ث٧ػشثك صؤدٟ ٩مطشثدجس 

ػقذ٤ز صقَ ُِؾَِ ثُطشك٠ ٝثُقشع ٝثُضؾ٘ؾجس عْ ؿ٤ذٞدز 

(comma) . ًٟٔج أٗٚ ٣ؼٞم إكشثص فٔل ث٤ُٞس٣ي ٓٔج ٣ؤد

.ُظٜٞس أػشثك ٓشك ثُ٘وشط

03.03.2011 Seite 20Seite 20

/ ٤ٌٓشٝؽشثّ  10ٝصقضٟٞ ث٤ُٔجٙ ثُغطق٤ز ػ٠ِ ٓغضٟٞ ٖٓ ثُشفجؿ ٣ذِؾ 

٣ٝؾخ ػذّ ( ُضش/ ؽضء ك٠ ث٤ُِٕٔٞ  0.010: ؽضء ك٠ ثُذ٤ِٕٞ  10ُضش 

 50ثعضخذثّ ٤ٓجٙ ثُؾشح ثُض٠ صقَ ك٤ٜج صش٤ًض ثُشفجؿ إ٠ُ 

ف٤ظ ٣ضشعخ ك٠ ث٧ٗغؾز ( ؽضء ك٠ ث٤ُِٕٔٞ 0.050)ُضش /٤ٌٓشٝؽشثّ

ثُؼظ٤ٔز ٝثٌُذذ ٝث٤ٌُِض٤ٖ ك٠ ك٠ فٞسر عجُظ كٞعلجس ثُشفجؿ ٣ضشثًْ 

دجُؼظجّ ٓغ كضشثس ثُضؼشك ثُط٣ِٞز ٣ٝقَ ٓقَ ثٌُجُغ٤ّٞ ًٔج ٣ضشثًْ دؤٗغؾز 

ُضش / ٤ٌٓشٝؽشثّ 100ثُٔخ ك٤ضِلٜج ٓٔج ٣ؤدٟ ُِقشع دٞفٍٞ صش٤ًضٙ إ٠ُ 

(.  ٣قذـ ثُٔجء ثُغجّ( ؽضء ك٠ ث٤ُِٕٔٞ 0.1)
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 ُٙٝزث ٣ؾخ ثعضخذثّ ٤ٓجٙ ثُق٘ذٞس ثُؼجدٟ دجُٔ٘ضٍ صشى ث٤ُٔج

صضذكن دذٕٝ ثعضخذثّ ُؼذر عٞث٠ٗ دٕٝ ثعضخذثٜٓج ف٤ظ ٣ضغ٠٘ 

.ثُضخِـ ٖٓ ٗغذز ػج٤ُز ٖٓ ثُشفجؿ دٜج

03.03.2011 Seite 22Seite 22

 ٣ٝٞؽذ ثُشفجؿ د٤ٌٔجس مت٤ِز دجُؾغْ ف٤ظ ٣ذخَ ػٖ هش٣ن ثُلْ ػ٘ذ

ثُؾشح ٤ُِٔجٙ ثُِٔٞعز دٚ ف٤ظ صلشص ٗغذز ٓ٘ٚ دجُذشثص ٝأخشٟ دجُذٍٞ 

ٝصضقشى % 20ػٖ هش٣ن ث٤ٌُِض٤ٖ ٝٗغذز عجُغز صٔضـ ٝصقَ فض٠ 

ك٠ ف٤ٖ ٣ذخَ )ٌُذذ ثُزٟ دذٝسر ٣قشًٜج ٓغ ثُؼقجسر ثُقلشثء ٨ُٓؼجء 

ثُشفجؿ ٓغ ثُٜٞثء ثُِٔٞط ثُٔغض٘ؾن خلاٍ ثُؾؼخ ثُٜٞثة٤ز ُِذّ ٝلا 

، ٝٗظشثً ُضؾجدٚ ػ٤ِٔض٠ صٔغ٤َ ثُشفجؿ ( ٣ٔش ػٖ هش٣ن ثٌُذذ

ٝثٌُجُغ٤ّٞ ك٠ ثُؾغْ كؤٕ ثُؼٞثَٓ ثُٔقلضر ُضخض٣ٖ ثٌُجُغ٤ّٞ دجُؾغْ 

.صٌٕٞ ٠ٛ ٗلغٜج ثُؼٞثَٓ ثُٔقلضر ُضخض٣ٖ ثُشفجؿ
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 ٟ٣ٝؤدٟ ثُضغْٔ ثُٔضٖٓ دؼ٘قش ثُشفجؿ إ٠ُ صذِذ كٌش

ٝصخِق ػو٠ِ ٝػذّ ثُٔوذسر ػ٠ِ ثُضش٤ًض ٓغ مؼق ك٠ 

ثُزثًشر ٝفْٔ ٝكوذثٕ ثُ٘طن أٝ ثُؼ٠ٔ عْ ثُؾَِ ٤ُِذ ث٠٘ٔ٤ُ عْ 

.ث٤ُغشٟ ٝأخ٤شثً ؽَِ ثُٔخ ٝكؾَ ًِٟٞ

 ٟأٓج دجُ٘غذز ٨ُهلجٍ كض٣جدر ٗغذز ثُشفجؿ ٣ؤؽغجدْٜٓ صؤد

ٝرُي ُض٣جدر ٗؾجهْٜ ٓغ )لاٗخلجك ٓغضٟٞ ثُزًجء دٞمٞؿ 

(.هِز ٓقضٟٞ أؽغجْٜٓ ثُ٘غذ٠ ٖٓ ثُذّ

03.03.2011 Seite 24Seite 24

 َٓ8)٣ٝلافع إٔ ٝؽٞد ثُشفجؿ دذّ ث٧ّ ثُقج 

٣ؤدٟ ُٞلادر أهلجٍ ٣قضٟٞ دْٜٓ ( َِٓ دّ ٤ٓ/100ٌشٝؽشثّ

 25ػ٠ِ ٗغذز ًذ٤شر ٖٓ ثُشفجؿ ٝهذ ٣قَ إ٠ُ 

َِٓ دّ ًٔج ٣ؤدٟ ثُشفجؿ دذّ ث٧ّ إ٠ُ  ٤ٓ/100ٌشٝؽشثّ

ؽْ  200ٝلادر أهلجٍ رثس أٝصثٕ أهَ ٖٓ ثُٔضٞعو دقٞث٠ُ 

ٝمؼجف ٩عضؾجدز ثُٔؤعشثس ثُذقش٣ز ٝثُغٔؼ٤ز ُقٞط إػجهز 

.ك٠ ٗٔٞ خلا٣ج ثُٔخ
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  صِٞط ث٤ُٔجٙ دجُضةذنwater Mercury Pollution)(

صؼذ ِٓٞعجس ثُضةذن ثُؼن٣ٞز أؽذ خطشثً ٝع٤ٔز ػ٠ِ ثُققز 

ثُؼجٓز ػٖ ٓشًذجس ثُضةذن ثُـ٤ش ػن٣ٞز ٝثُض٠ ٣ٌٖٔ ُؾغْ 

دثٟ –ك٤٘٤َ خلاس ثُضةذن –ٓغَ ثُضةذن )ثلاٗغجٕ إكشثصٛج دجُذٍٞ 

  (.٤ٓغ٤َ ثُضةذن

03.03.2011 Seite 26Seite 26

٣ٌٖٝٔ عذخ خطٞسصٜج ٝع٤ٔضٜج ثُؼج٤ُز ك٠ دسؽز عذجصٜج ثُؼج٤ُز 

(High stability)   ٟٞٝصشثًٜٔج ثُق٤(Bio 

accumulation)  دثخَ أٗغؾز ثُؾغْ خجفز دؤٗغؾز ثُٔخ

ٝمؼق دجُذقش  (Teratogenic)كضغذخ ؽَِ ٝصؾٞٛجس 

كٌِٔج  (Mutagenic)ٝثُغٔغ ػلاٝر ػ٠ِ ًٜٞٗج ٓٞثد ٓطلشر 

صثدس دسؽز فؼٞدز صقِِٜج ًِٔج صثدس دسؽز خطٞسصٜج ًٔج 

صضشثًْ دؤٗغؾز ثُغٔي ثُٔٞؽٞدر ك٠ ٤ٓجٙ ِٓٞعز ٣قَ صش٤ًضٛج 

(ؽضء ك٠ ث٤ُِٕٔٞ 0.0001)ُضش /٤ٌٓشٝؽشثّ 0.1دٜج 
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 ٕٝػ٘ذ دِٞؽ ٓغضٟٞ صش٤ًضٙ ك٠ ٤ٓجٙ ثُؾشح عجٓز ف٤ظ أ

ؽضء  0.5ٛٞ  (MACw)أهق٠ فذ ٓغٔٞؿ دضٞثؽذ ك٠ ثُٔجء 

ك٠ ث٤ُِٕٔٞ ٝصضدثد خطٞسر ثُضةذن ثُلاػنٟٞ دضقُٞٚ ُٔشًذجس 

صةذن ػن٣ٞز عجٓز ًٔغ٤َ ثُضةذن ٌُِجة٘جس ثُق٤ز ثُذه٤وز ف٤ظ 

إٔ ثُٔشًذجس ثُضةذو٤ز ثُؼن٣ٞز أؽذ ع٤ٔز ٝخطشثً ػ٠ِ ث٩ٗغجٕ 

ك٠ٜ صٔضـ ٝصضشثًْ ك٠ ف٤ٖ إٔ ثُٔشًذجس ثُضةذن ثُؼن٣ٞز ٣ضْ 

.إخشثؽٜج ػٖ هش٣ن ثُذٍٞ

03.03.2011 Seite 28Seite 28

 ًْزُي أظٜشس ثُضوجس٣ش ػٖ صق٤َِ ػ٤٘جس دشٝص٤ٖ عٌٔز ص

ف٤ذٛج ٖٓ دق٤شر عجٗش ٤ًِش دٌ٘ذث ثفضٞثءٛج ػ٠ِ ثُضةذن ك٠ 

فٞسر ع٘جة٠ ك٤٘٤َ ثُضةذن ٣شصذو دجُذشٝص٤ٖ ػٖ هش٣ن رسر 

ثٌُذش٣ش ًزُي ًجٕ ثُقجٍ ك٠ دق٤شر ٤ُٔجٕ دغ٣ٞغشث خجفز 

ثُ٘ذجص٤ز ٝثُؾغ٤ٔجس ٝثُض٠ أػض٣ش ( ثُٜجةٔجس)كىقجُز ثُؼٞثُن 

ُقشف ٤ٓجٙ ثُٔقجٗغ ك٠ ٤ٓجٙ ٜٗش ثُشٕٝ ثُزٟ صقَ ٤ٓجٛٚ 

.ُِذق٤شر
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 َ٣ٝلافع إٔ صش٤ًضٙ ٣ضدثد صشًضثً دجسصوجء ًجة٘جس ثُغلاع

<  ثُوؾش٣جس < ث٧عٔجى < ثُط٤ٞس < ثُـزثة٤ز كٜٞ دج٩ٗغجٕ 

ثُٜجةٔجس ٣ٝؼضٟ رُي ُض٣جدر ٓؼذٍ صشثًٔٚ ثُق٤ٟٞ < ثُ٘ذجصجس 

 Bio)ػ٠ِ ٛزث ثُ٘قٞ ٝٛٞ ٓج ٣غ٠ٔ دجُضنخْ ثُق٤ٟٞ 

magnification) 

03.03.2011 Seite 30Seite 30

 ًٔج ظٜش أعشٙ ثُٞثمـ ك٠ ثُضشثًْ ثُق٤ٟٞ ٝثُضنخْ دٞمٞؿ

ك٠ ٓشك ث٤ُٔ٘جٓجصج ٝثُزٟ صشؽغ صغ٤ٔضٚ إ٠ُ خ٤ِؼ ٤ٓ٘جٓجصج ك٠ 

ث٤ُجدجٕ ف٤ظ أدٟ فشف أفذٟ ٓقجٗغ ثُذلاعض٤ي ُٔخِلجصٚ ك٠ 

ؽضء ك٠ ث٤ُِٕٔٞ صةذن  ٤ٓ501جٙ ثُخ٤ِؼ ًٝجٗش ٓقض٣ٞز ػ٠ِ 

ٓٔج أدٟ ُضغْٔ ث٧عٔجى ٝثُق٤جد٣ٖ ٝظٜشس ث٧ػشثك ك٠ 

فٞسر ُؼغٔز ك٠ ثُ٘طن ٝصؿِِٚ ٝؽَِ دج٧هشثف ُضذ٤ٓش ثُخلا٣ج 

ثُؼقذ٤ز ك٠ ثُٔخ٤خ ٝثُٔخ ث٧ٝعو ًٔج أدٟ ُقذٝط دؼل 

فجلاس صـ٤ش ؽ٤٘٤ز
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 ًٕٔج أدس إُوجء كنلاس ٓقجٗغ ثُضةذن ُض٣جدر ٗغذز ٝك٤جس عٌج

ٜٗش دثٓغ٠ ك٠ ٝثؽ٘طٖ أٜٝٗش ٛٞٓغٕٞ ك٠ ٣ٞ٤ٗٞسى ٝدق٤شر 

صٞسًؼ دٞلا٣ز ٤ٓضؾؾجٕ ُٜٝزث هجٓش عِطجس ٛزٙ ثُٞلا٣جس 

ثُغلاعز دقظش ثُغذجفز أٝ ص٘جٍٝ ث٤ُٔجٙ أٝ ث٧عٔجى ٖٓ ٛزٙ 

.ثُٔقجدس ثُغلاعز

03.03.2011 Seite 32Seite 32

 1ُٝوذ دِـش ٗغذز ثُضةذن دجُغٞثفَ ثُؼشد٤ز ػ٠ِ ثُذقش ث٧د٤ل ثُٔضٞعو 

ًْ عٔي أع٤ٟٞ  2ًْ عٔي ٝٛٞ ٓج ٣ؾ٤ش دؤٗٚ ػ٘ذ ثعضٜلاى / ٤ِٓؾشثّ 

٤ٌٓشٝؽشثّ  ٤ِِٓ80ؾشثّ ٣غذش ٜٓ٘ج ٣2ؤدٟ دذٝس لآضقجؿ ٓج ٣ٞثصٟ 

ع٘ٞثس  7ث٠ُٝ٧ دؼذ ( صؤع٤شثصٚ)أعذٞع ٝػ٤ِٚ صظٜش أػشثمٚ / دجُؾغْ 

ػجّ ٝٓٔج ٣ؾذس دجُزًش ك٠ ٛزث ثُقذد ٝٛٞ ٓج  20ٝصقذط ثُٞكجر دؼذ 

أعجس ثُذٛؾز صٞثؽذ صش٤ًضثس ِٓقٞظز ٖٓ ثُضةذن ك٠ ثُق٤ٞثٗجس ثُوطذ٤ز 

ًجُذح ثُوطذ٠ ٝثُط٤ٞس ًجُذ٘ؾ٣ٖٞ سؿْ سؿْ دؼٜذٛج ػٖ ٓقجدس ثُضِٞط 

دٚ ٝهذ أػضٟ رُي إ٠ُ فذٝط صِٞط دئفذٟ ٓشثفَ ثُغِغِز ثُـزثة٤ز 

ف٤ظ ثٗضوِش ٓضذو٤جس ثُضةذن ُٜج خجفز ث٧عٔجى
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 ٝصوّٞ ثٌُجة٘جس ثُق٤ز ثُذه٤وز ثُـ٤ش ٛٞثة٤ز ٓغَ دٌض٤ش٣جC losrtidum 

Cocheaealcor  ٝثُض٠ ٣ٌغش ٝؽٞدٛج ك٠ ثُضشعذجس ثُٔجة٤ز دضق٣ِٜٞج

.ُٔغ٤َ ثُضةذن أٝ دثٟ ٤ٓغ٤َ ثُضةذن ٝٛٞ أؽذ ع٤ٔز

03.03.2011 Seite 34Seite 34

 ّٞصِٞط ث٤ُٔجٙ دجٌُجد٤ٓ)Water Cadmium Pollution(

٣ضْ صِٞط ث٤ُٔجٙ دؼ٘قش ثٌُجد٤ّٓٞ ٗض٤ؾز إُوجء ٓخِلجس ثُٔقجٗغ ٝثُض٠ صقَ 

هٖ ع٣ٞ٘جً ٖٓ ٓؼذٕ ثٌُجد٤ّٓٞ ك٠ ثُٔغطقجس ثُٔجة٤ز خجفز  1000إ٠ُ 

ٓخِلجس ٓقجٗغ ثُٔٞثع٤ش ٝثُطلاء أٝ ُٔشٝس ٤ٓجٙ دٔٞثع٤ش دلاعض٤ي 

ٝثٌُجد٤ّٓٞ ِٓٞط خطش ؽذثً ُضشثًٔٚ دؤؽغجّ ثٌُجة٘جس . ٣ذخَ ك٠ صش٤ًذٜج

ثُق٤ز ثُ٘ذجص٤ز ٝثُق٤ٞث٤ٗز خجفز ثُٔجة٤ز ٜٓ٘ج ًجُغٔي ٝثُوؾش٣جس ٝأخ٤شثً 

.(Food chain)٣قَ ثلاٗغجٕ دؤز ثُغِغِز ثُـزثة٤ز 
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 ٖ٤ٌٓشٝؽشثّ  ٣ٝ120ؾخ ألا ٣ض٣ذ ٓغضٟٞ صٞثؽذٙ دج٤ُٔجٙ ػ  /

ٝص٣جدر ٓغضٞثٙ ػٖ رُي صؾؼَ ( ؽضء ك٠ ث٤ُِٕٔٞ%12)ُضش 

ث٤ُٔجٙ ؿ٤ش فجُقز ُلاعضخذثّ ث٥د٠ٓ ٝٛ٘ج ٣ؾخ ث٧خز ك٠ 

ثلاػضذجس إٔ ٓٞثع٤ش ث٤ُٔجٙ ثُذلاعض٤ٌ٤ز ثُق٘غ صؤدٟ إ٠ُ صغشح 

ثٌُجد٤ّٓٞ ٖٓ ٓجدصٜج ٤ُِٔجٙ ثُٔجسر ك٤ٜج ٝػ٘ذ دِٞؽ ٓغضٞثٙ 

(  ؽضء ك٠ ث٤ُِٕٔٞ 0.2)ُضش / ٤ٌٓشٝؽشثّ  200دج٤ُٔجٙ إ٠ُ 

.ٝصقذـ ث٤ُٔجٙ ٤ٔٓضز
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 ف٤ظ ٣ؤدٟ ثٌُجد٤ّٓٞ إ٠ُ ثمطشثح ك٠ ثُ٘ٔٞ ثُؼجّ ٓغ صـ٤٤ش ك٠

(  أ٣ضجٟ–أ٣ضجٟ )ٝظٜٞس ٓشك ( أ٤ٔ٤ٗج)صش٤ًخ ثُذّ ٝكوش ثُذّ 

ًزُي فذط صغشح ٌُِجد٤ّٓٞ ٖٓ ٗلج٣جس إفذٟ ثُٔقجٗغ ثُٔطِز 

ػ٠ِ ٜٗش دجُذشثص٣َ ُِقجلاس صغْٔ ك٠ فٞسر ثمطشثدجس 

ػقذ٤ز ٝثسصلجع ك٠ مـو ثُذّ ف٤ظ دِـش ٗغذضٚ دؤؽغجّ 

.عٔي ًْؾ/ ِِٓؾشثّ  21أعٔجى ٤ٓجٙ ثُٜ٘ش إ٠ُ 
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:  pollutionarsinous(Water(صِٞط ث٤ُٔجٙ دؼ٘قش ثُضس٤ٗخ  -4

٣قذط صِٞط ث٤ُٔجٙ دؼ٘قش ثُضس٤ٗخ ٖٓ ػذر ٓقجدس أًغشٛج ثُضؼشك ُذوج٣ج 

ثُغّٔٞ ثُضس٤ٗخ٤ز ثُٔغضخذٓز ك٠ ٌٓجكقز ث٥كجس ثُقؾش٣ز ٝثُق٤ٞث٤ٗز 

أع٘جء ثُشػ أٝ أع٘جء ثُضؼل٤ش  (Drift)ٝثُقؾجةؼ عٞثء ٧ٗؾشثكٚ ك٠ ثُٜٞثء 

ٝعوٞهٜج ػ٠ِ ث٧عطـ ثُٔجة٤ز ثُٔق٤طز أٝ ثُٔضشعذز ٜٓ٘ج ػ٠ِ ث٧عطـ 

أٝ  (Dripping : Run off)ثُٔؼجِٓز ٝثُضشدز ٝثُقجدط ُٜج ػ٤ِٔز عش٣جٕ 

فض٠  (Leashing)عْ صضخَِ فذ٤ذجس ثُضشدز ٝصضؾشح  (Washing)ثُـغ٤َ 

صقَ إ٠ُ ث٤ُٔجٙ ثُؾٞك٤ز ًٝزُي ٤ٓجٙ فشف ثُٔقجٗغ ٝثُوجةٔز دطقٖ ٝصؾ٤ٜض 

.ٓغضقنشثصٚ
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 ٖ٣ٝلافع إٔ ٓشًذجس ثُضس٤ٗخ ثُغلاع٤ز أؽذ ك٠ دسؽز ع٤ٔضٜج ػ

لاسصلجع ٓؼذٍ رٝدجٕ ث٠ُٝ٧ ًغ٤شثً ك٠ ( Penta vallant)ثُخٔجع٤ز 

ف٤ظ ُٔؼذٍ ثُزٝدجٕ ًٝزُي دسؽز ٗؼٞٓز ثُٔجدر أعشٛٔج ثُلؼجٍ ك٠ )ثُٔجء 

ثسصلجع ثُغ٤ٔز كٌِٔج صثدس دسؽز ثُ٘ؼٞٓز ًِٔج صثد ٓؼذٍ ثُضخَِ 

ٝثلآضقجؿ

 ًزُي كٌِٔج صثدس ٗغذز ثُزٝدجٕ صثدس ٗغذز ثٗلشثد ثُضس٤ٗخ ثُزثةخ ك٠

ف٤ظ صؤدٟ ثسصلجع دسؽز ثُقشثسر أٝ ثُشهٞدز ثُ٘غذ٤ز أٝ ثُ٘ذٟ ( )ثُٔجء

أٝ ص٣جدر ٗغذز عج٠ٗ أًغ٤ذ ثٌُشدٕٞ دجُؾٞ ًزُي ثُٔ٘جهن ثُغجف٤ِز ف٤ظ 

(ص٣جدر ٓغضٟٞ ًِٞس٣ذ ثُقٞد٣ّٞ دجُؾٞ إ٠ُ ص٣جدر ثٗلشثد ثُضس٤ٗخ ثُزثةخ
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 ٝثُضج٠ُ صضدثد دسؽز ثُغ٤ٔز ٝثُنشس ثُؾجٗذ٠ ػ٠ِ ثُ٘ذجصجس

ٝثُق٤ٞثٗجس ٝدجٓضقجفٜج دجُؾغْ خلاٍ ثُؾِذ أٝ دٞفُٜٞج ُِو٘جر 

ثُٜن٤ٔز ػٖ هش٣ن ؽشح ٤ٓجٙ ِٓٞعز دٜج أٝ أهؼٔز صقضٟٞ ػ٠ِ 

ٓخِلجصٜج صذذأ أػشثك ثُضغْٔ ثُٔؼذٟ ك٠ فٞسر آلاّ ؽذ٣ذر 

دجُٔؼذر عْ ثعٜجٍ ٝصذٍٞ ٓذْٓ ٝؽقٞح ٝدشٝدر دجُؾغْ ٓغ ثُؼطؼ 

ٝٗوـ ثُض٘لظ عْ ٣ذخَ ك٠ ثُـ٤ذٞدز كجُٞكجر ، ف٤ظ صذِؾ ثُؾشػز 

ًؼ ٖٓ ٝصٕ ثُؾغْ صذؼجً ُ٘ٞع ثٌُجةٖ / ِِٓؾشثّ  100–5ثُوجصِز 

.ثُٔؼجَٓ ٝٗٞع ثُٔشًخ ثُضس٤ٗخ٠
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 (Bio receports)ٝدٞفُٜٞج ُِؾغْ صشصذو دزسثس ًذشس ثُٔغضوذلاس ثُق٣ٞ٤ز 

كضغذطٜج ٓغَ إٗض٣ْ  (SH-)خجفز ث٩ٗض٣ٔجس ثُٔقض٣ٞز ػ٠ِ ٓؾج٤ٓغ عِل٤ٜذس٣َ 

لاًض٤ي د٤ٜ٣ذسٝؽ٤٘٤ض ٝأُلج ؽِغشٝ كٞعلجس د٤ٜ٣ذسٝؽ٤٘٤ض ٝثُغ٤ضًٞشّٝ 

أًغ٤ذ٣ض ك٠ٜ صغضٜذف سٝثدو ثٌُذش٣ش ٝص٣ٌٖٞ ٓشًذجس ًذش٣ض٤ز كضخضل٠ 

ٓؾج٤ٓغ ثُغِل٤ٜذس٣َ ثُقشر ٝثُض٠ صوّٞ دذٝس ًذ٤ش ك٠ ثُٔقجكظز ػ٠ِ ػ٠ِ 

٣ٔ٘غ  (PAL)ثُؾٌَ ث٤ُٔٔض ُِذشٝص٤ٖ ُزث كجُقوٖ دجُؾِٞصجع٤ٕٞ أٝ ثُذجٍ 

ثعضٔشثس ثُضغْٔ ُض٘جكظ ٓؾج٤ٓغ ثُغِل٤ٜذس٣َ ػ٠ِ ؽضة٤جس ثُضس٤ٗخ ٝصشصذو دٚ 

 (Coagulation)صؾِو : ٝصذؼذٙ ػٖ ث٧ٗغؾز دٔج ٣ؤدٟ ُؼ٤ِٔجس صشعخ 

خجفز ػ٘ذ ثسصلجع صش٤ًضٙ كؾض٣تجس ثُٔشًذجس ثُضس٤ٗخ٤ز صغضٜذف ك٠ ثُٔوجّ 

ث٧ٍٝ سٝثدو ثٌُذش٣ش ٝثُض٠ ُٜج دٝسٛج ثُٜجّ ك٠ فلع ثُؾٌَ ثُذ٘جة٠ ث٤ُٔٔض 

(Configuration) ُٖؾضة٠٤ ثُذشٝص٤.
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ث٧ٗض٣ٔجس ثُض٠ صوّٞ د٘ضع ( أ)ًٔج صشصذو ٓغ ثُٔشثكن ث٧ٗض٠ٔ٣ 

ث٤ُٜذسٝؽ٤ٖ ٖٓ ثُٔشًذجس ثُق٣ٞ٤ز أٝ صشصذو دجُٔٞثد ثُٔؤًغذر 

كضٔ٘غ ػ٤ِٔز ثُلغلشر ثُضؤًغ٤ذ٣ز ُؾض٣تجس ث٧د٣٘ٞع٤ٖ دثٟ 

.(ATP)ٝص٣ٌٖٞ ثُ٘جصؼ ثُٔلغلش  (ADP)كٞعلجس 
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 ٣ٝلافع إٌٓج٤ٗز صخِـ ثُؾغْ ٖٓ ثُضش٤ًضثس ثُٔ٘خلنز

دٞثعطز ث٤ٌُِز ٝإخشثؽٜج ػٖ هش٣ن ثُٔغجس ثُذ٠ُٞ ٝك٠ دؼل 

ث٧ف٤جٕ ٣لشص ك٠ ثُذشثص ف٤ظ ظٜش ك٠ ث٧دوجس ُٔذر صقَ إ٠ُ 

٣ّٞ ٝٛ٘ج ٣ؾخ ث٧خز  ٣70ّٞ د٤٘ٔج ٝفِش ك٠ ثُذشثص فض٠  14

ك٠ ثلاػضذجس ك٠ ٛزث ثُقذد دؤٕ ثُضش٤ًضثس ثُنؼ٤لز ٓ٘ٚ صؼذ 

(أًِز ثُضس٤ٗخ)ٓ٘ؾطز ُِؾغْ ٝكجصقز ُِغ٤ٜز 

 (Black foot)أٓج ك٠ صج٣ٞثٕ ك٤٘ضؾش ٓشك ثُوذّ ثُغٞدثء  

لاسصلجع ٓغضٟٞ ثُضس٤ٗخ ك٠ ٤ٓجٙ ثُؾشح ثُؾٞك٤ز ًزُي ٝؽذس 

صش٤ًضثس ػج٤ُز ٓ٘ٚ ك٠ ٤ٓجٙ ؽشح دوش٣ز صٞسدٞثٕ دجٌُٔغ٤ي 

(.ؽضء ك٠ ث٤ُِٕٔٞ 4-6)
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 ٕأٓج ػ٘ذ ثُضؼشك ُؾشػجس ػج٤ُز ػٖ ثُقذ ثُزٟ ٣ٌٖٔ ػ٘ذٙ أ

٣ضخِـ ثُؾغْ ٜٓ٘ج كئٕ ثُضثةذ ٜٓ٘ج ٣ضؾٔغ دجُذسؽز ث٠ُٝ٧ 

عْ ث٤ٌُِز عْ دؼل  (Fatty Liver)دجٌُذذ ك٤غذخ صذٖٛ ثٌُذذ 

.ث٧ٗغؾز ث٧خشٟ ًجُؼظجّ ٝثُؾِذ ٝث٧ظجكش ٝثُؾؼش
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 أٓج دجُ٘غذز ُضؤع٤شثس ٓشًذجس ثُضس٤ٗخ ثُغجٓز ػ٠ِ ثُ٘ذجصجس ثُض٠ ٣ضخِِٜج

عٞثء ػٖ هش٣ن ثُٔٞثمغ ثُشه٤وز ك٠ ٤ًٞص٤َ ث٧ٝسثم دجُٔؾٔٞع 

٣ٝلافع إٔ دسؽز ثُضخَِ صضدثد . ثُخنشٟ ف٤ظ ٣ذو٠ دٜج ٝلا ٣ضقشى

دجسصلجع ثُشهٞدز أٝ ػٖ هش٣ن ثُؾزٝس كضشصلغ ك٤ٜج ٧ػ٠ِ دجُٔؾٔٞع 

 (Protoplasmic poisons)ثُخنشٟ ٝٛ٘ج ٣ؤعش ًغْ دشٝصٞدلاص٠ٓ 

ٝصقذط ػوخ ػ٤ِٔز (. فشٝم ٓٞمؼ٤ز)كضغٞد ث٧ٝسثم ٝصٔٞس 

إٓضقجفٚ خلاٍ ثُٔؾٔٞع ثُخنشٟ ص٣جدر عشػز ثُض٘لظ ٝٛ٘ج صضقٍٞ 

.ث٧ٝسثم ُِٕٞ ث٧فلش عْ صغوو
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:Water Copper pollutionصِٞط ث٤ُٔجٙ دجُ٘قجط  -4

٣ذخَ ثُ٘قجط ثُؾغْ ػٖ هش٣ن ث٤ُٔجٙ ٝث٧ؿز٣ز ثُِٔٞعز أٝ ثُٜٞثء ثُِٔٞط 

 (Metallothionine)عْ ٣ٔضـ دج٧ٓؼجء ٓؼضٔذثً ػ٠ِ ثُذشٝص٤ٖ ثُٔشصذو 

دآ٤ُز ؿ٤ش ٝثمقز ٦ُٕ ُٝٚ ك٠ رُي ػلاهز دجُضٗي ٝثٌُجد٤ّٓٞ ٝعشػجٕ ٓج 

٣ٝخضٕ  (Ceroloplasmine)ع٤شُٝٞدلاص٤ٖٓ : ؽِٞد٤ٖ -٣شصذو دؤُلج

ف٤ظ ٣طِن ػ٠ِ ٛزث  (Hepatocupreina)دجٌُذذ ًذشٝص٤ٖ ٣غ٠ٔ 

خلا٣ج  (Cerebrocuprin)ثُذشٝص٤ٖ دشٝص٤ٖ ًشثس ثُذّ ثُقٔشثء 

.(Cytocuprin)ث٧ػقجح ثعْ ٓؾضشى ٛٞ 
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 ٣طشؿ ثُ٘قجط خجسػ ثُؾغْ ػٖ هش٣ن ثُذشثص ٓغ إكشثصثس

%(.  4)ثُقلشثء أٝ ٣خشػ ك٠ ثُذٍٞ 
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 ٣ٝذخَ ك٠ ػَٔ أٗض٣ْ ثُغ٤ضًٞشّٝ أًغ٤ذ٣ض(Cytochrome Oxidase) 

 Tayro)ٝثُضج٣شٝع٤٘ض٤ض  (Scorpic Oxidase)ٝث٧عٌٞسد٤ي أًغ٤ذ٣ض 

synthetase)  ٝث٤ٌ٣ٞ٤ُض(Uricase)  ٖٝمٞسٟ ُضٔغ٤َ ثُطجهز ٝص٣ٌٞ

ًزُي كٞؽٞدٙ ٣قغٖ ٖٓ ثٓضقجؿ ثُقذ٣ذ ٖٓ خلا٣ج ؽذس . ث٤ُٜٔٞؽِٞد٤ٖ

ث٧ٓؼجء ٝصقشًٚ د٤ٖ ثٌُذذ ُِذلاصٓج ُذ٘جء ث٤ُٜٔٞؽِٞد٤ٖ ًٔج ٣ذخَ ك٠ ص٣ٌٖٞ 

صؤدٟ ُٔشك  (Hypocupremia)ثُؼظجّ ٝث٤ِ٤ُٖٔ دجُٔخ ُٝزث ك٘وقٚ 

 (Falling disease)ٝثُغوٞه  (Neonatal Ataxia)ث٠ٌُِ ٝثُضخِؼ 

ُنٔٞس ٝص٤ِق ػنِز ثُوِخ ٝٗوـ ث٩خقجح ٝٓٞس ثُؾ٤ٖ٘ ٝمؼق ثُض٘لظ 

.ٝصؾٞٙ ث٧ؽ٘ز
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 ٟأٓج ص٣جدر ٓغضٞثٙ دجُذّ ٝث٧ٗغؾز خجفز أٗغؾز ثٌُذذ ك٤ؤد

ُقذٝط صـ٤شثس د٘غ٤ؼ ثُٔخ  (Wilson)ُٔشك ٣ِٝغٕٞ 

ٝثٌُذذ ك٤ضشثًْ دجٌُذذ ٝهش٤ٗز ثُؼ٤ٖ ٝث٠ٌُِ ٝثُٔخ ٣ٝؼجُؼ 

ٝثُضٗي ثُزٟ ٣ض٣ذ  (Penicillamine)دجُٔٞثد ثُٔغضقِذز 

إكشثصٙ خجسػ ثُؾغْ ٝثُضغْٔ ثُقجد دجُ٘قجط ٗجدس ٓج ٣قذط 

.ًْؾ/ ِِٓؼ  ٣20ضطِخ رُي ؽشػز صذِؾ 
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 ْ٘ٝصؤدٟ ص٣جدر ٓغضٟٞ ثُُٔٞذذ٣(Molybdenum)  ْدجُؾغ

ُض٣جدر كوذ ثُ٘قجط دجُذٍٞ إلا أٗٚ ٣و٠ ث٧ع٘جٕ ٖٓ ثُضغٞط سدٔج 

٧عشٙ ك٠ ثلافضلجظ دجُلِٞس دجُؾغْ ٣ٝلافع أ٣نج ثسصذجه 

ث٧ػشثك ٓؼجً كض٣جدر دجُؾغْ صؤدٟ ُِضغْٔ ٝظٜٞس ٓشك 

(Peat scours)  ٝثُٔؼجُؼ دئػطجء ٓشًذجس ٓقض٣ٞز ػ٠ِ

ثُ٘قجط ُضنجد كؼِٜج أٓج ٗوـ ثُُٔٞذذ٣ْ٘ ك٤ؤدٟ ٩عٜجٍ ٝٗوـ 

.ثُ٘ٔٞ ٝكوذ ثُذّ ٝصؤخش ٗنؼ ًشثس ثُذّ

03.03.2011 Seite 50Seite 50

Water Iron Pollutionصِٞط ث٤ُٔجٙ دؼ٘قش ثُقذ٣ذ  -5

ف٤ظ ٣ٌٕٞ فٞسصٚ دجُٔجء ػ٠ِ ٤ٛتز ِٓـ رثةخ ٛٞ د٤ٌشدٞٗجس 

.  ثُقذ٣ذ ثُض٠ دضؼشمٚ ُِٜٞثء ثُؾٟٞ ٣ضقٍٞ ُِٕٞ ث٧فٔش كجُذ٠٘

ٝصِٞط ث٤ُٔجٙ دجُقذ٣ذ لا ٣ـ٤ش ٖٓ هؼٜٔج ٌُٖٝ ص٣جدر ٓغضٞثٙ 

ٝصقضٟٞ . ُضش ٣ؤدٟ ُؼغش ك٠ ثُٜنْ ٝإٓغجى/  ِْٓؾ 0.3ػٖ 

/   ِْٓؾ 7-5دؼل ٓقجدس ث٤ُٔجٙ ثُؾٞك٤ز ػ٠ِ صش٤ًضثس صقَ 

.ُضش
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جٙصوذ٣ش ثُٔؼجدٕ ثُغو٤ِز ك٠ ػ٤٘جس ث٤ُٔ
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أٗٞثع هشم ثُضق٤َِ ثُٔغضخذٓز:

.ٙٛ٘جى هشم ػذ٣ذر صغضخذّ ُضوذ٣ش ثُٔؼجدٕ ك٠ ػ٤٘جس ث٤ُٔج•

٣ضْ أخض٤جس ثُطش٣وز صذؼج ُِقغجع٤ز ٝثُذهز ثُٔطِٞدز كٜ٘جى هشم ثُضق٤َِ ث٤ُِٗٞز ٝٛ٘جى •

.هشم دئعضخذثّ ث٧ؽٜضر

•Flame atomic absorption methods concentration is ( 0.1 to 10 

mg/L)

•Electrothermal methods
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•Inductively coupled plasma emission techniques  ( َفذ ثُضوذ٣ش أه

(٤ٌٓشٝؽشثّ ٌَُ ُضش 0.01ٖٓ 

•Flame Photometry  ٣ؼط٠ فغجع٤ز ثكنَ ُو٤جط ثُضش٤ًضثس ثُؼج٤ُز ُؼ٘جفش

.ثُٔؾٔٞػز ث٠ُٝ٧ ٝثُغج٤ٗز

•Anodic stripping  

•Colorimetric methods 
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 تعرٌف المصطلحاتDefinition of terms

 Dissolved metalsالعناصر الذائبة •

ثُؼ٘جفش ثُزثةذز ك٠ ثُؼ٤٘ز ثُـ٤ش ٓؼجِٓز دجُقجٓل ٝثُض٠ ٣ٌٖٔ ثٕ صٔش خلاٍ ؿغجء 

٤ٌٓش٤ٓٝضش45صشؽ٤ـ 

Suspended metalsالعناصرالمعلقة •

٣وقذ دٜج ثُؼ٘جفش ثُٔؼِوز ك٠ ثُؼ٤٘ز ثُـ٤ش ٓؼجِٓز دجُقجٓل ٝلا صٔش خلاٍ 

(.٤ٌٓش٤ٓٝضش45)  ؿغجءثُضشؽ٤ـ د٤٘ٔج صقؾض ػ٠ِ ثُـؾجء

 Total metalsالمعادن الكلٌة•

٣وقذ دٜج صش٤ًض ثُٔؼجدٕ ثُٔٞؽٞدر ك٠ ثُؼ٤٘ز دؼذ ػ٤ِٔز ثُٜنْ أٝ ٓؾٔٞع صش٤ًضثس  

ثُٔؼجدٕ ثُزثةذز ٝثُٔؼِوز ٣ٝضْ صوذ٣شٛج 
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  extractable metals-Acid العناصر التى ٌمكن استخلاصها بالحامض•

صش٤ًض ثُٔؼجدٕ ك٠ ثُؼ٤٘ز دؼذ ٓؼجُؾضٜج دٔقٍِٞ ثُقٔل ثُغجخٖ
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عملٌة أخذ وحفظ العٌنات

Sampling and Sample preservation

صضٞهق ثُؼ٤ِٔز ػ٠ِ ٗٞػ٤ز ثُؾضء ثُٔشثد صق٤ِِز ٝثُزٟ دذٝسر ٣قذد •

.إرث ًجٕ عٞف ٣ضْ ٓؼجُؾز ثُؼ٤٘جس دجُقجٓل ٝصشؽـ أّ صٜنْ
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Sample containers: الاوعٌة المستخدم

وكذلك ٌمكن أستخدام  TEFتفضل الاوعٌة المصنوعة من الكوارتز أو مادة  •

 polypropylene or linearالاوعٌة البلاستٌكٌة  المصنوعة من 

polyethylene   مادة البولى بروبٌلٌن أو البولى إثٌلٌن  بأغطٌة مصنوعة من

polyethylene cap ))مادة البولى إثٌلٌن 

 borosilicateكما ٌمكن إستخدام الاوعٌة الزجاجٌة المصنوعة من البوروسلٌكات •

glass containers

(ug/L)لإحتوائة على شوائب معدنٌة بتركٌزات   soft glassٌحذر من إستخدام •

.ٌراعى شطف الاوعٌة المستخدمة وكذلك ورق الترشٌح بالحامض•
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Sample preservation  حفظ العٌنات عملٌة

ٌتم حفظ العٌنات بعد أخذها مباشرة وذلك بإضافة كمٌة من حمض النٌترٌك •

.المركز

.2ث٠ُ إٔ ٣قذـ ثُٞعو ثُقجٓن٠ أهَ ٖٓ   •

٣ضْ صشؽ٤ـ ثُؼ٤٘ز هذَ ػ٤ِٔز ثُقلع ٝػجدر ٣ضْ إمجكز: ُضوذ٣ش ثُؼ٘جفش ثُزثةذز  •

• (1.5ml of HNO3/L sample) or (3 ml 1 + HNO3 /L sample) 

.  ٝٛزر ث٤ٌُٔز صٌٕٞ ًجك٤ز ُقلع ثُؼ٤٘ز ُلضشر هق٤شر •
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.٣ؾخ إعضخذثّ فجٓل ٓشًض رٝ دسؽز ٗوجٝر ػج٤ُز •

دسؽز ٓت٣ٞز دجُغلاؽز ُٔ٘غ ثُضـ٤ش ك٠ ثُقؾْ  ٣4ضْ فلع ثُؼ٤٘جس ػ٘ذ دسؽز فشثسر •

 - For mg/kg levelsأؽٜش   ٣6ٌٖٔ ث٩فضلجظ دجُؼ٤٘ز ُٔذر  •

أعجد٤غ 5ٓجػذث ك٠ فجُز ثُضةذن ك٤ٌٖٔ فلظٜج ُٔذر  •

.(For ug/kg levels)ك٤ؾخ صق٤َِ ثُؼ٤٘ز ك٠ ثُقجٍ •

:٤ًل٤ز فلع ثُؼ٤٘ز ُضوذ٣ش ػ٘قش ثُضةذن•

ٓقنشر ( )   2ml of 20% K2Cr2O7 / L  of sample)صقلع ثُؼ٤٘ز دئمجكز •

(:فٔل ث٤ُ٘ضش٣ي 1+1ك٠ 
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:إفض٤جهجس ػجٓز •

ٓقجدس صِٞط ثُؼ٤٘جس : 

أؿط٤ز _ ث٧ؿؾ٤ز ثُٔغضخذٓز ك٠ ثُضشؽ٤ـ –ث٧ٝػ٤ز ثُٔغضخذٓز ُقلع ثُؼ٤٘جس 

(Cd, Zn)ث٧ٗجد٤خ ثُذلاعض٤ٌ٤ز سدٔج صٌٕٞ ٓقذس ُِضِٞط دذؼل ثُٔؼجدٕ ٓغجٍ 

:ٝرُي ٖٓ خلاٍ إعضخذثّ أدٝثس ٗظ٤لز :٤ًل٤ز ثصخِـ ٖٓ ثُِٔٞعجس 

: ثُطش٣وز ثُٔضذؼز ُـغ٤َ ث٧دٝثس

٣ضْ ؿغ٤َ ث٧دٝثس دٔقٍِٞ ؿغ٤َ خج٠ُ ٖٓ ثُٔؼجدٕ •

عْ ٣ضْ ثُؾطق دجُٔجء ٣ٝ٘وغ ك٠ ثُقجٓل•

  عْ ٣ضْ ثُؾطق دجُٔجء ثُٔوطش•
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 ٝهش٣وز ؿغ٤َ ث٧دٝثس ثُضؽجؽ٤ز ثُٔق٘ٞػز ٖٓ ثٌُٞسثصض ثTEF glass 

materials

Use (1+ 1 HNO3) ,(1+1 HCl)or aqua regia(3 parts conc. HCl + 3 

conc. HNO3)

:هش٣وز ؿغ٤َ ث٧دٝثس ثُذلاعض٤ٌ٤ز

Use 1+1 HNO3 or 1+1 HCl

.دسؽز ٓت٣ٞز 70عجػز ػ٘ذ  ٣24ضْ ٗوغ ث٧دٝثس ُٔذر 

:ِٓقٞظز

ُِضخِـ ٖٓ ثُشٝثعخ ثُؼن٣ٞز ٣ضْ ٗوغ ث٧دٝثس ك٠ فٔل ثٌُش٤ٓٝي  ٓغ ٓشثػجر ػذّ •

.إعضخذثّ فٔل ثٌُش٤ٓٝي  ٓغ ث٧دٝثس  ثُذلاعض٤ٌ٤ز

.٣ضْ إعضخذثّ ٓجء ٓ٘ضٝػز ث٣٧ٞٗجس •
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Analytical Procedures for metals analysisثُضق٤َِ ث٤ٔ٤ٌُجة٢ ُِٔؼجدٕ 

Preliminary treatment of samplesثُٔؼجِٓز ثلا٤ُٝز ُِؼ٤٘جس ( ث

٣ضْ ٓؼجِٓز ثُؼ٤٘جس ثُض٠ صقضٟٞ ػ٠ِ ؽض٣تجس ثٝ ٓٞثد ػن٣ٞز ث٠ُ ٓؼجِٓز ث٤ُٝز هذَ •

ُضق٤َِ ٓؾٔٞع    spectroscopic analysisثؽشثء ػ٤ِٔز ثُضق٤َِ ث٧عذٌضشٝعٌٞد٠  

.(صؾَٔ ثُٔؼجدٕ ثُؼن٣ٞز ٝثُٔؼجدٕ ثُـ٤ش ػن٣ٞز ثُزثةذز ٝثُـ٤ش رثةذز)ثُٔؼجدٕ  

ٓذجؽشر دذٕٝ ٛنْ ثُؼ٤٘ز ( ٤ٓجثر ثُؾشح)٣ضْ ه٤جط ثُؼ٤٘جس ػذ٣ٔز ثُِٕٞ ٝثُٞثمقز •

 .ُضوذ٣ش ٓؾٔٞع ثُٔؼجدٕ دذٕٝ ٛنْ ثُؼ٤٘ز

فض٠ ٣قذـ ثُٞعو ثُقجٓن٠ ( ml HNO3/1 L 1.5 ) ػ٘ذ صؾ٤ٔغ ثُؼ٤٘جس ٣ضْ ثمجكز•

 .ٝف٤٘تز ٣ضْ صق٤َِ ثُؼ٤٘ز ٓذجؽشر 2ثهَ ٖٓ 



32

03.03.2011 Seite 63Seite 63

(:( dissolved metalsُضوذ٣ش ثُٔؼجدٕ ثُزثةذز  •

.٣ضْ صشؽ٤ـ ثُؼ٤٘ز عْ ٣نجف ثُقٔل ث٠ُ ثُشثؽـ ٣ٝضْ فلظز دجُغلاؽز ث٠ُ ثٕ ٣ضْ صق٤ِِز 

suspended metals) :) ُضوذ٣ش ثُٔؼجدٕ ثُـ٤ش رثةذز •

. ٣ضْ صشؽ٤ـ ثُؼ٤٘ز عْ ٣ضْ ٛنْ ٝسهز ثُضشؽ٤ـ ٝثُٔجدر ثُؼجُوز دٜج 

(:extractable metals-acid)ُضوذ٣ش ثُٔؼجدٕ ثُض٠ ٣ٌٖٔ ثعضخلافٜج دجُقٔل •

.٣ضْ ثعضخلاؿ ثُٔؼجدٕ ٣ضْ صق٤َِ ثُشثؽـ 
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  ٓؼج ِٓز ثُٔؼجدٕ ثُض٠ ٣ٌٖٔ ثعضخلافٜج دجُقجٓل

extractable metals –Treatment for acid 

 

صقن٤ش ثُؼ٤٘ز :

ٖٓ  1+ ٠ِِ٤ٓ1  ٠ِِ٤ٓ5 ٖٓ ثُؼ٤٘ز ث٠ُ ًؤط أٝ دٝسم عْ  ٣نجف  ٣100٘وَ  •

.فٔل ث٤ُٜذسًِٝٞس٣ي ثُٔشًض ػج٠ُ ثُ٘وجٝر

.ده٤وز ك٠ فٔجّ ٓجة٠ ٣15ضْ ثُضغخ٤ٖ ُٔذر •

(.45µm)٣شؽـ ثُٔقٍِٞ دٞثعطز ػؾجء صشؽ٤ـ •

٠ِِ٤ٓ دجُْء  ٣100ضْ ٗوَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ ثخش عْ ٣ٌَٔ ثُقؾْ ث٠ُ •

.ثُخج٠ُ ٖٓ ثُٔؼجدٕ
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  :ِٓقٞظز

٠ِِ٤ٓ كجٗز ٣ضْ صوذ٣ش ثُقؾْ  100ثرث ًجٕ فؾْ ثُؼ٤٘ز أًذش ٖٓ        

عْ ٣ضْ صق٤َِ ثُؼ٤٘ز ٣ٝضْ صقق٤ـ    ml / weight 0.1ث٠ُ ثهشح

ه٤جط ثُضش٤ًض ثُٜ٘جة٠ دجُنشح ك٠ ٓؼجَٓ ثُضخل٤ق 

(.100\ثُقؾْ ثُٜ٘جة٠ )
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 ٕٛنْ ثُٔؼجدDigestion of metals

( (٣interferencesؾخ ثخض٤جس هش٣وز ٛنْ  ٓ٘جعذز ُِضو٤َِ ٖٓ ثُضذثخَ 

ثُ٘جصؼ ٖٓ ٝؽٞد ثُٔٞثد ثُؼن٣ٞز ُٝضق٣َٞ ثُٔؼجدٕ ثُٔشصذطز دجُؾض٣تجس 

ثُض٠  free metal)ػجدر ثُٔؼذٕ ثُقش  ) ُض٣ٌٖٞ ؽٌلا ٖٓ ثؽٌجٍ ثُٔؼذٕ 

..٣ICPٌٖٔ ه٤جعٜج دؾٜجص ثلآضقجؿ ثُزسٟ  ثٝ ؽٜجص 
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 إخض٤جس ث٧فٔجكSelection of acids  :

ٓلاةْ  ٣matrixغضخذّ فجٓل ث٤ُ٘ضش٣ي ك٠ ٛنْ ٓؼظْ ثُؼ٤٘جس ٝرُي ٌُٕٞ ث٤ُ٘ضشثس  

–ُِقوٖ ػ٠ِ أؽٜضر ثلآضقجؿ ثُزسٟ ٝ ثؽٜضر  MS   ICP.

صقضجػ دؼل ثُؼ٤٘جس ث٠ُ إمجكز ثفٔجك أخشٟ ٩صٔجّ ػ٤ِٔز ثُٜنْ ٓغَ ثفٔجك 

(H2SO4- HCl- HF- HClO4 )  صِي ث٧فٔجك سدٔج صقذط صذثخلاس ٌُٖٝ

interferences  ػ٘ذ صق٤َِ دؼل ثُؼ٘جفش ف٤ظ ثٜٗج صؼذ(poorer matrix) 

–ُِضق٤َِ ػ٠ِ  أؽٜضر ثلآضقجؿ ثُزسٟ ٝ ثؽٜضر  MS   ICP.
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٣غضخذّ فٔل ث٤ُ٘ضش٣ي ػجدر دٔلشدر ك٠ ػ٤ِٔز ثُٜنْ ُٜنْ ثُؼ٤٘جس عِٜز ث٧ًغذر  ثٝ 

٣ضْ إمجكز  فٔل ثٌُذش٣ض٤ي ثٝ فٔل ث٤ُٜذسًِٝٞس٣ي ث٠ُ فٔل ث٤ُ٘ضش٣ي ػ٘ذ ٛنْ 

readily oxidizableثُٔٞثد ثُؼن٣ٞز ثُوجدِز ٨ًُغذر  organic matter   د٤٘ٔج ٝ

٣ضْ ثمجكز فجٓل ثُذ٤شًِٞس٣ي  أٝ ث٤ُٜذسٝكِٞس٣ي ث٠ُ فٔل ث٤ُ٘ضش٣ي ػ٘ذ ٛنْ 

.ثُٔٞثد ثُؼن٣ٞز فؼذز ث٧ًغذر ثٝ ثُٔؼجدٕ ثُض٠ صقضٟٞ ػ٠ِ ع٤ٌِجس
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 Digestion proceduresهشم ثُٜنْ  

 Hot plate techniquesثُٜنْ دئعضخذثّ ثُٔغطـ ثُغجخٖ •

( (Closed vessel procedureثُٜنْ دئعضخذثّ ث٤ٌُٔش٣ٝٝق •

ثرث ًجٕ ثُقؾْ ثُٔٞف٠ دؤخزر ٖٓ ثُؼ٤٘ز أًذش ٖٓ عؼز ثُذٝسم ثُٔغضخذّ ك٠ ٛنْ •

.ثُؼ٤٘ز ك٤ؾخ صذخ٤ش ثُؼ٤ضز 

كئٗز ٣ضْ صوذ٣ش ٓؼذٍ ( ٠ِِ٤ٓ 100أًذش ٖٓ ) إرث صْ صش٤ًض ثُؼ٤٘ز ثع٘جء ػ٤ِٔز ثُٜنْ •

.٣ضْ ٛنٔز ٝرُي ُِضقون ٖٓ فقز ثُطش٣وز matixث٩عضشؽجع ٌَُ 

:  ِٓقٞظز 

ًِٔج إصدثد فؾْ ثُؼ٤٘ز ًِٔج إصدثد س ٤ًٔز ثُقٔل ثُٔغضخذّ ٓٔج ٣ؤدٟ ث٠ُ ص٣جدر      

   impuritiesثُؾٞثةخ  
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Estimated metal concentration

(mg/L) 

تركٌز العنصر

Sample volume (ml)

فؾْ ثُؼ٤٘ز*

< 0.1 1000 

0.1- 10 100 

10- 1000 10
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For flame atomic absorption spectrometry

  metal concentration (تركٌز العنصر =)A* B/C

A= concentration of metal in digested soln (mg/kg)

تركٌز العٌنة فى المحلول المهضوم 

B = final volume of digested solution, ml,and

=C                             حجم العٌنة sample size, ml
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:    Nitric acid digestionثُٜنْ دئعضخذثّ فجٓل ث٤ُ٘ضش٣ي 

level –Digestion for flame atomic absorption and high 

concentrations

التقدٌر بإستخدام جهاز الأمتصاص الذرى المزود بوحدة اللهب لتقدٌر 

التركٌزات العالٌة 
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: Apparatusث٧ؽٜضر ثُٔغضخذٓز

  Hot plateٓغطـ عجخٖ •

٠ِِ٤ٓ  ٠ِِ٤ٓ150 أٝ ًجط ؽش٣ل٤ٖ عؼز  125دٝسم ٓخشٝه٠ عؼز •

150 ml conical flasks (Erelenmeyer)  125 ml or Griffin beakers

٣ضْ ؿغِٜج دجُقجٓل عْ صؾطق دجُٔجء ثُٔ٘ضٝػز ث٣٧ٞٗجس•

.٠ِِ٤ٓ 100دٝسم ٓؼ٤جسٟ عؼز •

,watch glassesصؽجؽجس عجػز • ribbed and unrobed 

         Reagent  :ثٌُٞثؽق

 analytical grade or trace metals)فجٓل ث٤ُ٘ضش٣ي ثُٔشًض رٝ دسؽز ٗوجٝر ػج٤ُز  

grade)
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:ثُطش٣وز

 5ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف ( ثُٔؼجِٓز دجُقجٓل) ٠ِِٓ ٖٓ ثُؼ٤٘ز  ٣100٘وَ •

.٠ِِ٤ٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض

.٣ضْ ٝمغ سهجةن ثُـ٤ِجٕ ثٝ خشص صؽجؽ٠ ٤ُغجػذ ػ٠ِ ثُـ٤ِجٕ ٝصنذو دسؽز ثُقشثسر•

( .٠ِِٓ 20ث٠ُ  10ث٠ُ فٞث٠ُ ٖٓ ) ٣ضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ ثهَ فؾْ ٌٖٓٔ •
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:ثُطش٣وز

٣ٌٖٔ إمجكز ٤ًٔز أخشٟ ٖٓ  فجٓل ث٤ُ٘ضش٣ي ثُٔشًض لاصٔجّ ٛنْ ثُؼ٤٘ز ث٠ُ ثٕ ٣قذـ •

.ٓقٍِٞ ثُؼ٤٘ز كجصـ ثُِٕٞ ٝؽلجف

.٣ضْ ؽطق ؽذسثٕ ثُذٝسم ٝصؽجؽز ثُغجػز دجُٔجء ثُٔوطش ٝصشؽـ ثُؼ٤٘ز إرث ُضّ رُي•

٠ِِٓ ٖٓ ثُٔجء  ٠ِِٓ5 ػ٠ِ ٓشص٤ٖ ح  ٣100٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز •

.ثُٔوطش

٣ضشى ثُٔقٍِٞ ٤ُذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث•
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mg/l) 1 .0level (<–Determination for trace . 2

MS-concentrations for ICP and ICP

 Apparatus: ث٧ؽٜضر ثُٔغضخذٓز 

,Block heaterعخجٕ ًٜشد٠ ٓضٝد دٞفذر صقٌْ ك٠ دسؽز ثُقشثسر  dry, with 

temperature control

(صـغَ دجُقجٓل عْ صؾطق دجُٔجء ثُٔوطش) ثٗجد٤خ ٖٓ ثُذ٠ُٞ دشٝد٤ِ٤ٖ ٓذسؽز 

Polypropylene tubes, graduated, rounded, round- bottom tubes with 

caps 17x100 mm.

Pipetters, assorted sizes or adjustable 

Pipette tips

  Centrifugeجهاز الطرد المركزى

      Reagent  :ثٌُٞثؽق

(.double distilled) حامض اننيتريك 
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:  ثُطش٣وز

.٤ُلا أٝ ُؼذر أ٣جّ  2N HNO3ص٘وغ ث٧ٗجد٤خ ك٠ ٓقٍِٞ ػ٤جسٟ •

.عْ صؾطق دجُٔجء ثُٔوطش ٝ ٣لنَ ثٕ صضشى ُضؾق  عْ صقلع ك٠ ث٤ًجط دلاعض٤ٌ٤ز•

 1ml 1 + 1ثٝ   HNO3 5ml of ٠ِِٓ ٖٓ ثُؼ٤٘ز ث٠ُ ثلاٗذٞدز ٣ٝنجف ٣10٘وَ •

ml HNO3) )

.ث٠ُ ًلا ٖٓ ثُؼ٤٘جس ٝثُذلاى ٝ ثُٔقج٤َُ ثُو٤جع٤ز ًٝزُي ػ٤٘جس ٓشثهذز ثُؾٞدر•
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ٝصنذو دسؽز ثُقشثسر ػ٘ذ دسؽز  ٣block heaterضْ ٝمغ ث٧ٗجد٤خ ك٠ ثُغخجٕ •

.ّ ٓغ ٝمغ ثُغذثدثس ٓغ ػذّ إفٌجّ ثُـِن  105˚فشثسر 

.٣ضْ ٛنْ ثُؼ٤٘جس ُٔذر عجػض٤ٖ•

٣ٌٖٔ إمجكز ٤ًٔز أخشٟ ٖٓ  فجٓل ث٤ُ٘ضش٣ي ثُٔشًض لاصٔجّ ٛنْ ثُؼ٤٘ز ث٠ُ ثٕ ٣قذـ •

.ٓقٍِٞ ثُؼ٤٘ز كجصـ ثُِٕٞ ٝؽلجف

.٣ضشى ثلاٗجد٤خ ُضذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث•
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:ِٓقٞظز

إرث ًجٗش ث٧ٗجد٤خ صقضٟٞ ػ٠ِ ؽضة٤جس كئٗز ٣غضخذّ ؽٜجص ثُطشد •

.ثُٔشًضٟ ُلقَ ثُشٝثعخ ٣ٝضْ ٗوَ ثُشثؽـ  ث٠ُ ثٗذٞدز أخشٟ

دسؽز ٣4ؾخ إفٌجّ ثُغذثدر ٣ٝضْ فلظٜج ػ٘ذ دسؽز فشثسر •

.ٓت٣ٞز ث٠ُ ثٕ ٣ضْ صق٤َِ ثُؼ٤٘ز
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Nitric acid hydrochloric acid digestion

فجٓل ث٤ُٜذسًِٝٞس٣ي   ثُٜنْ دئعضخذثّ فجٓل ث٤ُ٘ضش٣ي –

: Apparatus: ث٧ؽٜضر ثُٔغضخذٓز 

فٔجّ ٓجة٠•

      Reagent  :ثٌُٞثؽق

.فجٓل ث٤ُ٘ضش٣ي ثُٔشًض رٝ دسؽز ٗوجٝر ػج٤ُز•

(.1+1)فجٓل ث٤ُٜذسًِٝٞس٣ي •

(.1+1)فجٓل ث٤ُ٘ضش٣ي•
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:     ثُطش٣وز

        فٔل ث٤ُٜذسًِٝٞس٣ي   -فٔل ث٤ُ٘ضش٣ي( ث

    HCl/ 3Total HNO  ِA ) 

ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف ( ثُٔؼجِٓز دجُقجٓل) ٠ِِٓ ٖٓ ثُؼ٤٘ز  ٣100٘وَ •

.٠ِِٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض ٝصـط٠ دضؽجؽز ثُغجػز 3

٠ِِٓ  ٣5ٞمغ ثُذٝسم ػ٠ِ ثُٔغطـ ثُغجخٖ ٣ٝضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ ثهَ ٖٓ •

صذشد ثُؼ٤٘ز ٝصؾطق ؽذسثٕ ثُذٝسم ٝصؽجؽز ثُغجػز دؤهَ ٤ًٔز ٖٓ ثُٔجء ثُٔوطش •

  ٠ِِ٤ٓ ٖٓ فٔل ث٤ُ٘ضش٣ي ثُٔشًض عْ ٣ـط٠ ثُذٝسم دضؽجؽز ثُغجػز 5عْ ٣نجف 

.٣ٝ٘وَ ٗشر أخشٟ ث٠ُ ثُٔغطـ ثُغجخٖ ٝ صشكغ دسؽز ثُقشثسر
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.صغضٔش ػ٤ِٔز ثُضغخ٤ٖ ٣ٌٖٝٔ إمجكز ٤ًٔز ٖٓ ثُقجٓل ٩صٔجّ ػ٤ِٔز ثُٜنْ•

٠ِِ٤ٓ ٖٓ ثُٔجء ثُٔوطش ٌَُ  1HCl )  )ٝ15+ ٠ِِ٤ٓ1 ٖٓ  ٣10ضْ إمجكز •

.٠ِِ٤ٓ ٖٓ ثُقؾْ ثُٜ٘جة٠ ثُٔضٞهغ 100

.ده٤وز أخشٟ ٩رثدز ثٟ سٝثعخ  15ٝصغضٔش ػ٤ِٔز ثُضغخ٤ٖ ٍ •

٠ِِ٤ٓ ٝ ٣ٌَٔ ث٠ُ  ٣100شؽـ ثُٔقٍِٞ ٝ ٣٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز •

.ثُؼلآز دجُٔجء ثُٔوطش
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:HCl/ 3B) Recoverable HNO

 2ml of. ث٠ُ هجسٝسر  ثٝ ًؤط( ثُٔؼجِٓز دجُقجٓل) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز  ٣100٘وَ 

(1+1 HNO3)  ٝ10ml of (1+1 HCl) ٝصـط٠ دضؽجؽز ثُغجػز.

٣ضْ ثُضغخ٤ٖ دٞثعطز ثُٔغطـ ثُغجخٖ ثٝ دجُقٔجّ ثُٔجة٠ فض٠ ٣خضضٍ فؾْ ثُؼ٤٘ز 

.٠ِِٓ  25ث٠ُ 

.ص٘وَ ثُؼ٤٘ز ٤ًٔج ث٠ُ دٝسم ٓؼ٤جسٟ عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث
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 Nitricفٔل ثٌُذش٣ض٤ي–هش٣وز ثُٜنْ دئعضخذثّ فٔل ث٤ُ٘ضش٣ي ( ػ

Sulfuric acid  digestion–acid   

: ثُطش٣وز

ث٠ُ هجسٝسر  ثٝ ًؤط  عْ ٣نجف ( ثُٔؼجِٓز دجُقجٓل) ٠ِِ٤ٓ ٖٓ ثُؼ٤٘ز  ٣100٘وَ •

.٠ِِ٤ٓ ٖٓ فجٓل ث٤ُ٘ضش٣ي ثُٔشًض ٝصـط٠ دضؽجؽز ثُغجػز 5

٠ِِ٤ٓ   20-٠ِِ٤ٓ ٣15ٞمغ ثُذٝسم ػ٠ِ ثُٔغطـ ثُغجخٖ ٣ٝضْ صذخ٤ش ثُؼ٤٘ز ث٠ُ •

.عْ صضشى ُضذشد

٠ِِ٤ٓ ٖٓ فجٓل ثٌُذش٣ض٤ي  ٠ِِ٤ٓ10 ٖٓ فجٓل  ث٤ُ٘ضش٣ي ثُٔشًض ٝ  5عْ ٣نجف •

.ثُٔشًض
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.٣SO3ضْ صذخ٤ش ثُؼ٤٘ز فض٠ صضقجػذ ث٧دخشر ثُذ٤نجء •

.٠ِِٓ ٖٓ فٔل ث٤ُ٘ضش٣ي لارثدز ثُشٝثعخ ٣10ضْ إمجكز •

٣ؾخ ثُخِـ ٖٓ فٔل ثُض٤ضش٣ي صٜجة٤ج  دٞثعطز ثُضغخ٤ٖ ثُٔضٔش فض٠ ٣قذـ ثُٔقٍِٞ •

.سثةن ٝخج٤ُج ٖٓ ث٧دخشر ثُذ٤٘ز

٠ِِٓ  50صذشد ثُؼ٤٘ز ٝدٌَٔ ثُقؾْ ث٠ُ •

٣غخٖ ثُٔقٍِٞ ث٠ُ دسؽز ثُـ٤ِجٕ لارثدز ثلآلاؿ دط٤تز ثُزٝدجٕ ٣ضْ صشؽ٤ـ ثُؼ٤٘ز ثرث ُضّ •

.ثلآش

٠ِِٓ ٖٓ ثُٔجء  ٠ِِٓ5 ػ٠ِ ٓشص٤ٖ ح  ٣100٘وَ ثُشثؽـ ث٠ُ دٝسم ٓؼ٤جسٟ عؼز •

.ثُٔوطش

.٣ضشى ثُٔقٍِٞ ٤ُذشد عْ ٣ٌَٔ ثُقؾْ ث٠ُ ثُؼلآز ٣ٝٔضػ ؽ٤ذث•
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AAS - ATOMIC ABSORPTION 

SPECTROMETRY (SCOPY)
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AAS - ATOMIC ABSORPTION 

SPECTROMETRY (SCOPY)

Atomic absorption is a process involving the absorption by 

free atoms of an element of light at a wavelength specific to 

that element or put, i.e. a means by which the 

concentration of metals can be measures.

When a sample or sample solution is burned in a flame or

heated in tube, the individual atoms of the sample are

released to form a cloud inside the flame or tube
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Each atom consists of a positively charged nucleus surrounded

by a number of electrons in rapid motion around the nucleus.

For each electron in each atom there is a discrete set of energy

levels that electron can occupy.

The spacing of the energy levels is different for each electron in

the atom, but for similar corresponding electrons have identical

spacing.

For an unexcited atom, each electron is in the ground state. To

excite the atom, one or more electron can be raised to the first or

higher energy levels by absorption of energy by the atom. This

energy can be supplied by photons or by collisions due to heat
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Those electrons furthest from the nucleus require least energy 

to go from the ground state E0 to the first energy level E1.

The energy E corresponds to the energy gap between the 

ground state and the first energy level. 

E = E1 - E0

The energy required for this transition can be supplied by a 

photon of light with an energy given by: 

E= hν, where h = Planck’s constant and ν the  frequency.

 This corresponds to a wavelength )λ( of  

)λ( = hc/E

Where, c is the speed of light in vacuum.
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Metallic and metalloid elements, contain so called valence 

electrons which are relatively loosely bound to the nucleus 

and which can be excited by photons of wavelengths in the 

optical range 190 – 900 nm,

For each atom of a metal or metalloid the energy gap is not 

found in any other element.

If light of sufficiency narrow wavelength rage, centred on    

hc/ E1 - E0 is sent through a cloud of various atoms, only 

atoms of one particular element will absorb photons. 

Hence the selectively of the atomic absorption technique. 
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Atoms in the cloud move at high speed and collide with each 

other, and absorb over a narrow range of wavelengths.

The width of a typical absorption line is about 0.001nm. 

For atomic absorption instrument purposes, an emission 

source with an emission line of the same frequency and a 

width of about 0.001 nm is normally used.

This requirement is satisfied by an emission spectrum of the 

element of interest, generated by hollow cathode lamp (HCL) 

or electrodeless discharge lamp (EDL).
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That's why the light source used in the measurements is the 

emission source of the element to be determined

AAS-apparatus measures the amount of absorption and this 

is directly proportional to the free atoms which are in way 

of the light beam

By comparing the absorbance of the unknown sample 

solution to the absorbance obtained with standard solutions 

(using the same conditions) you can get the metal 

concentration of the sample solution 
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There are three basic components for every AA 

spectrophotometer:

1. Light source :

It is designed to emit the atomic spectrum of a particular 

element. Specific lamps are selected according to the 

element to be determined.

The hollow cathode lamp (HCL) or electrode less lamps 

(EDL) are widely used.

03.03.2011 Seite 94Seite 9403.03.2011

The hollow cathode lamp (HCL) 

http://www.chemistry.nmsu.edu/Instrumentation/AAS_HCL.html
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2. Sample cell :

Where an atomic sample vapor is generated in the 

light beam from the source. This is usually done 

by introducing the sample into a burner system

(Flame AAS) or electrically heated furnace or 

platform, aligned in the optical path of the 

spectrophotometer.
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3. Specific light measurement - Includes 

several components:

a) A monochromator to disperse several 

wavelength of lights that are emitted from the 

light source to isolate a particular  line of interest,

http://www.chemistry.nmsu.edu/Instrumentation/AAS_Nebulizer.html
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b) A detector to produce an electrical current that is 

dependent on the light intensity. This electrical current 

is amplified and processed by the instrument electronics 

to produce a signal, which is a measure of the light 

attenuation occurring in the sample cell and,

c) This signal is further processed to generate an 

instrument readout in concentration units. 
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03.03.2011 Seite 100Seite 10003.03.2011
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Different AAS- techniques :

Flame technique  :

 It converts the sample solution into an atomic vapour and 

then thermally elevates the atoms to an excited state.

 These atoms return to the ground state they emit light, 

which detected by the instruments
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 The intensity of light is related to the concentration of the 

elements in the solution. 

 Air-acelylene flame about 2200 °C

 Suitable for most elements

 Nitrous oxide ( N2O-acetylene flame about 2600 °C )

 Used for difficult atomizing elements like Sn, Al, Ba
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Non flame techniques: 

Graphite furnace technique

 Atomization with heating electrically

 About 100 times as sensitive as flame technique

 The graphite cylinder is heated by the passage of an 

electric current to the temperature, which is enough to 

evaporate the solvent from the solution

 The current is then increased so that firstly the sample is 

ashed and then it is vaporized and the metal atom are 

produced in the solution.
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Cold vapour technique (for Hg).

Hydride generation method:

 This technique makes use of the property that the 

metalloid elements (i.e As, Se, Sb, Bi, Se, Te, Ge , Hg, 

and Pb)  exhibit, i.e. the formation of covalent, gaseous 

hydrides which are not very stable at high 

temperatures..
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 The hydrides of arsenic, selenium, tellurium, antimony, 

bismuth and tin (and to lesser degree lead and 

germanium) are volatilized by the addition of reducing 

agent like sodium tetrahydroborate (III) to an acidified 

solution. Other systems have used titanium (III) 

chloride/magnesium powder and tin (II) 

chloride/potassium iodide/zinc powder as reducing 

agents.
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 Sodium tetrahydroborate (III) is the preferred method 

because it gives faster hydride formation, higher conversion 

efficiency, lower blank levels and is more simple to use.

The principle of the hydride generation method is shown as 

follows using selenium as an example:

 Se4+ (Aq) + BH4- )aq( + H+ → H2 Se )g( ↑ + H 2 )g(↑ + H3 

BO3

 H2Se )g( → Se )g( + H )g(

 Mercury is reduced to the atomic form in a similar manner 
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 After the gaseous hydride is formed it is passed, together 

with any excess hydrogen gas, to the atomizer mounted in 

the optical path of the spectrometer.

 In case of As determination, the flame is required the 

flowing flames are suitable for use with the flame heated T-

cell: Air/Acetylene, argon/hydrogen, air/ hydrogen, 

nitrogen/hydrogen. However, Nitrous oxide/acetylene and 

nitrous oxide/ hydrogen flames must never be used to heat 

the T- cell.
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Graphite Furnace Atomic Absorption Spectroscopy (GF-AAS)

Introduction:

Graphite furnace atomic absorption spectroscopy (GF-AAS) is a 

powerful technique suitable for trace analysis. 

The technique has high sensitivity.

 The ability to handle micro samples (5-100 ml) and a low noise 

level from the furnace. 

Matrix effects from components in the sample other than the 

analyte are more severe in this technique compared to flame-

AAS. 

The precision is typically (5-10) % using GF-AAS
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Principles:

 A graphite tube is located in the sample compartment of an 

AA spectrometer with the light from an external light source 

passing through it. 

 A small volume of sample is placed inside the tube, which 

then is heated by applying a voltage across its ends. 
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 The analyte is dissociated from its chemical bonds and the 

fraction of analyte atoms in the ground state will absorb 

portions of light. 

 The attenuation of the light beam is measured.

 As the analyte atoms are created and diffuse out of the tube, 

the absorption raises and falls in a peak-shaped signal. 

 Beer-Lamberts law describes the relation between the 

measured attenuation and concentration of analyte. 
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GRAPHITE TUBES (FURNACES)

1. Standard tube = normal graphite

2. pyrolytically coated tube:

1)   the sample disperses (scatters) more even

2)   the formation of carbides decreases

3)   the service life increases

4)the atomic vapour doesn't go through the walls of tube.

3. Tube with platform: (L'vov's platform)

1)  temperature more stable

2)   the speed of heating is great (for platform)

3)   it is usable for easily volitilizing elements
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Things  which effect to the service life of tube

1)  temperatures

2)  atomization time

3)   matrix quality (acids, solids)

4)   physico-chemical characters of matrix
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MATRIC MODIFICATION IN GFAAS

To find the optimal parameters in 

measurements:

1) as high ashing temperature as possible

2) as low atomization "     "   "

It is not always possible to use ashing

temperature high enough

Without loss (volatilation) of the element
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The idea in using matrix modifiers is:

1)  the volatilization of the element to be determined decreases 

and the great part of the matrix disappears or

2) the vitalization of the matrix increases and the disturbing^

compounds eliminate before the atomization of the element to 

be determined
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EXAMPLES

- As volatilizes at 200 °C, Ni is added —> Ni-arsenid 

decomposes >

1200 °C —> the ashing temperature may raised to 1200 °C

- high CI-concentration in the sample solution —> 

disturbances in

Pb and Cd measurements, add NH4H2P04 -> NH4Cl
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Interference:

1. Background absorption:

Background absorption is non-specific attenuation of 

radiation at the analyte wavelength caused by matrix 

components.

Enhanced matrix removal due to matrix modification 

may reduce background absorption.

To compensate for background absorption, correction 

techniques such as continuous light source (D2-lamp), 

Zeeman or Smith-Hieftje should be used.
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Background Correction methods

The narrow bandwidth of hollow cathode lamps make 

spectral overlap rare. That is, it is unlikely that an absorption 

line from one element will overlap with another .

Molecular emission is much broader, so it is more likely that 

some molecular absorption band will overlap with an atomic 

line. This can result in artificially high absorption and an 

improperly high calculation for the concentration in the 

solution .
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Three methods are typically used to correct for 

this:

1.Zeeman correction : 

 A magnetic field is used to split the atomic line into two 

sidebands . These sidebands are close enough to the 

original wavelength to still overlap with molecular 

bands, but are far enough not to overlap with the atomic 

bands. The absorption in the presence and absence of a 

magnetic field can be compared, the difference being the 

atomic absorption of interest .

http://en.wikipedia.org/wiki/Molecular_emission
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2.Smith-Hieftje correction: 

The hollow cathode lamp is pulsed with high current, 

causing a larger atom population and self-absorption 

during the pulses. This self-absorption causes a 

broadening of the line and a reduction of the line 

intensity at the original wavelength .
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3. Deuterium lamp correction : 

 In this case, a separate source (a deuterium lamp) with 

broad emission is used to measure the background 

emission .

 The use of a separate lamp makes this method the least 

accurate, but its relative simplicity 

 The fact that it is the oldest of the three, makes it the 

most commonly used method . 

http://en.wikipedia.org/wiki/Deuterium_lamp
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2.Non-spectral interference (Matrix effect):

Non-spectral interference arises when components of the 

sample matrix alter the vaporization behaviour of the 

particles that contains the analyte.

 To compensate for this kind of interference, method of 

standard addition can be used. 

Enhanced matrix removal by matrix modification or the 

use of a L´vov platform may also lead to a reduction of 

non-spectral interferences.
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Instrumentation:

Atomic absorption spectrophotometer single- or double-beam 

instrument having a grating monochromator, photomultiplier 

detector, adjustable slits, equipment for flameless atomization 

(graphite furnace) and a suitable recorder or PC. The wavelength 

range must be 190-800 nm. 

Hollow cathode lamps for As, Cu, Cr, Ni, Pb and Zn. Single-

element lamps are preferred, but multi-element lamps may be 

used if no spectral interference can occur. Electrodeless discharge 

lamps may be used if available.

 Pyrolytically coated graphite tubes.
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Setting up a temperature programme:

 A temperature programme consists most commonly 

of four steps: Drying, pyrolysis, atomization and 

cleaning.
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1. Drying step: 

A quick ramp (5 s) to 15oC below the boiling point of 

the solvent. Then a slow ramp (25 s) to reach a 

temperature just above the solvents boiling point.

This provides a gentle evaporation without sputtering. 

Hold the furnace at the selected temperature until 

drying is complete (5- 10 s). 

The drying time will vary with sample volume and salt 

content. 

A purge gas flow of 250-300 ml min-1 is normally used.
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2. Pyrolysis step:

A pyrolysis curve should be made to find the appropriate 

temperature to use in this step without losing any analyte. 

Consult the instrument manual for the procedure of 

making a pyrolysis curve.

 In a pyrolysis step a typical ramp will vary between 20-

50 oC/s. 

Too steep ramp may cause sputtering. A purge gas flow 

of 250-300 ml min-1 is normally used.
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3. Atomization step: 

An atomization curve should be made to find the 

appropriate temperature to use in this step.

 Consult the instrument manual for the procedure of 

making an atomization curve. 

The lowest temperature that still gives maximum signal 

should be used in order to extend the lifetime of the 

graphite tube. 

Zero ramp time is used in this step. Gas stop during 

atomization is recommended.
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4.Cleaning step: 

A tube cleaning cycle after the analyte

measurement should be done to remove any 

remains of sample and thereby avoid memory 

effects. 

A purge gas flow of 250-300 ml min-1 is normally 

used.
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Instrument performance:

The characteristic mass (sometimes called sensitivity) is 

defined as: The absolute mass of an element that will 

absorb 1% of the incoming radiation. This equals a signal 

of 0.0044 absorbance units (AU).
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The characteristic mass may be used as an indicator of instrument 

optimization. 

 Values of the characteristic masses are most often given in the 

instrument documentation. 

 Experimental values for comparison can be determined by 

measuring the absorbance signal (area) of a known mass of 

analyte and calculate using the following formula:

mo = Vs * Cs*0.0044 AU / observed peak area

mo: Characteristic mass (ng)

Vs: Standard volume injected (ml)

Cs : Standard concentration (ng ml-1) 
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Chemical modifiers:

In order to achieve better separation between analyte and 

matrix prior to atomization, a chemical modifier can be 

used. 

The role of the modifier is most often to stabilise the 

analyte making higher temperatures in the pyrolysis step 

possible without any loss of analyte. 
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The concentration level of most modifier mixtures is 

usually in the ppm level. 

The injection volume most often is in the 5-20 µl region. 

The modifier mixture should be injected and dried prior to 

sample injection. 
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Sequence of analysis

Start the analysis with an ―empty tube‖ run. 

 If a significant signal is obtained, a cleaning step (2650oC, 

2-3 s) should be run repetitively to remove the remains in 

the tube.

 If this is not sufficient, the graphite tube should be 

replaced. 

The chemical modifier solution (if used) should be checked for 

contamination in a separate run. 

The blank solution should be analyzed to establish a blank 

level. 
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In addition to the blank standard, at least 3 standards 

should be selected to cover the linear range.

Repeat the analysis until good agreement between 

replicates and a linear calibration curve is obtained. 

A quality control standard should be analyzed to verify the 

calibration. 
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Samples that are found to have concentration higher than 

the highest standard should be diluted into range and 

reanalyzed. 

To monitor the performance of the graphite tube, a mid-

level standard and a blank standard should be run after 

every 10th sample.
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Flame atomic absorption spectroscopy (F-AAS)

 Introduction

 F-AAS is a very specific technique prone to few 

interference effects. 

 F-AAS is a single element technique with analyte

determinations in the mg l-1 region as routine for 

most elements.
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 Principles

 A liquid sample is nebulized to form a fine aerosol, 

which is mixed with fuel and oxidant gasses and 

carried into a flame. 

 In the flame the sample is dissociated into free ground 

state atoms. 

 A light beam from an external light source emitting 

specific wavelengths passes through the flame. 
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 The wavelength is chosen to correspond with the 

absorption energy of the ground state atoms of the 

desired element. 

 The measured parameter in F-AAS is attenuation of 

light.

 Lambert-Beers law expresses the relationship between 

the attenuation of light and concentration of analyte.
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2. Principles:

A liquid sample is nebulized to form a fine aerosol, which is 

mixed with fuel and oxidant gasses and carried into a 

flame.

In the flame the sample is dissociated into free ground state 

atoms. 

A light beam from an external light source emitting specific 

wavelengths passes through the flame. 
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The wavelength is chosen to correspond with the absorption 

energy of the ground state atoms of the desired element. 

The measured parameter in F-AAS is attenuation of light.

 Lambert-Beers law expresses the relationship between the 

attenuation of light and concentration of analyte.
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Interferences:

F-AAS is known as a technique with few problems related to 

interference effects.

The interferences that occur are well defined, as are the 

means of dealing with them. 

For analysis of a few elements the type and temperature of 

the flame are critical; with improper conditions ionization 

and chemical interferences may occur.
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Ionization:

 Ionization of the analyte atoms in the flame depletes 

the levels of free ground state atoms available for 

light absorption. 

This will reduce the atomic absorption at the 

resonance wavelength and lead to erroneous results. 

The degree of ionization of a metal is strongly 

influenced by the presence of other invisible metals in 

the flame. 
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By addition of an excess of a very easily ionized 

element to the blanks, standards and samples the 

effect of ionization can usually be eliminated.

 Ionisation is most common in hot flames such as 

nitrous oxide- acetylene flames. 

 In an acetylene-air flame ionization is most often 

limited to be a problem in analysis of the alkali- and 

alkaline earth metals.
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Chemical interference:

The most common type of chemical interference occurs 

when the sample contains components that forms 

thermally stable compounds with the analyte and thus 

reduce the rate at which it is atomised.

 Adding an excess of a compound that form thermally 

stable compounds with the interfering element eliminates 

chemical interference. 
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For example, calcium phosphate does not dissociate 

completely in the flame. Addition of Lanthanum will tie up 

the phosphate allowing calcium to be atomised. 

A second approach to avoid chemical interference is, if 

possible, to use a hotter flame. 

Using the method of standard addition can also control 

chemical interference.
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Physical interference:

If the physical properties as viscosity and surface tension 

vary considerably between samples and standards, the 

sample uptake rate or nebulization efficiency may be 

different and lead to erroneous results. 

Dilution of samples or method of standard addition or 

both can be used to control these types of interferences. .
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Background absorption and light scattering:

Matrix components that are not 100% atomised and that 

has broadband absorption spectra may absorb at the 

analytical wavelength. 

Tiny solid particles in the flame may lead to scattering of 

the light over a wide wavelength region. 

The background absorption can be accounted for by using 

background correction techniques such as continuous light 

source (D2-lamp) or Smith-Hieftje.
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Instrumentation:

Atomic absorption spectrophotometer single- or double-

beam instrument having a grating monochromator, 

photomultiplier detector, adjustable slits, equipped with 

a air-acetylene burner head and a suitable recorder or 

PC. 

The wavelength range must be 190-800 nm.
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Calibration standards:

 Calibration standards are prepared by single or multiple dilutions of the 

stock metal solution. 

 Prepare a reagent blank and at least 3 calibration standards in 

graduated amount in the appropriate range of the linear part of the 

curve. 

 The calibration standards must contain the same acid concentration as 

will result in the samples following processing. 

 For precipitation samples, that would be 1% (v/v) HNO3 and for 

suspended particulate matter10% (v/v) HNO3. 

 The calibration standard should be transferred to polyethylene bottles.
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Instrumental procedure:

 The operating procedure will vary between instrument 

brands, so the instrument manual should be followed 

carefully. 

 The position of observation and the fuel: oxidant ratio must 

be optimised. 

 Some general guidelines are outlined below
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 Light the hollow cathode lamp or electrode discharge 

lamp and D2-lamp if such background correction is 

used. 

 Set the lamp current to the value specified by the 

manufacturer. 

 Position the monocromator at wavelength 213.9 and 

choose slit with 0.7 and slit height ―high‖.
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Carefully balance the intensity of the hollow cathode lamp

and the D2-lamp if such background correction is used.

Align the burner head to assure that the centre of the light

beam passes over the burner slot.

Light the flame and regulate the flow of fuel and oxidant to

produce an oxidizing flame (lean blue).

Aspirate calibration blank and establish a zero point.

Aspirate standard solutions and construct a calibration

curve.

Aspirate distilled water after each standard or sample.
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Instrument performance:

 The ―characteristic concentration‖ )sometimes called sensitivity( is defined 

as the concentration of an element (mg l-1) that will absorb 1 % of the 

incoming radiation. This equals a signal of 0.0044 absorbance units (AU). 

The ―characteristic concentration‖ is instrument dependent and is 

calculated as follows:

C = (S * 0.0044 AU) / measured absorbance

C: Characteristic concentration (mg l-1)

S: Concentration of measured standard (mg l-1)

 Knowing the ―characteristic concentration‖ allows the analyst to check if 

the instrument is correctly optimized and performing up to specifications.
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Sequence of analysis:

Aspirate calibration blank and establish a blank level 

Aspirate calibration blank and standard solutions and 

construct a calibration curve. Use at least 3 standard 

solutions in addition to the calibration blank to cover the 

linear range. Every point at the calibration curve should, 

if possible, be based on replicate analysis. Distilled water 

should be aspirated after each standard and sample. 
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A quality control standard should be analysed to verify the 

calibration. 

A calibration blank should be analysed to check for memory 

effects. 

Aspirate unknown samples.

Aspirate a quality control standard for every 10th sample to 

check for drift. 

Samples that are found to have concentration higher than the 

highest standard should be diluted and reanalyzed.
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LAMPS FOR AAS

1.Hollow cathode lamp (HCL):

 suitable for most elements (discharge lamp)

 the cathode is made about the element to be 

determined

 for certain elements short-lived because of the 

volatilazion (e.g. As, Se)

 cheapness
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2.Electrode less discharge lamp (EDL):

 longer durability for most elements greater sensitivity 

and stability

need their own power supply

 expensive
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Hollow Cathode Lamps

Hollow cathode lamps are the most widely used 

radiation sources in the AA technique. 

A hollow cathode lamp consists of a glass cylinder, 

and an anode and a cathode. The cylindrical cathode 

is either made of the analyte element or filled with it.

The diameter of the cathode is 3 to 5 mm. 

03.03.2011 Seite 158Seite 158

The anode is in the form of a thick wire and usually 

made of tungsten, nickel, tantalum, or zirconium. 

The glass tube is first evacuated and then filled with 

an inert gas (argon or neon). 

The pressure of the inert gas is about 0.5 to 1.3 kPa
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Hydride Generation Analysis

 Hydride generation – elements which form gaseous 

hydrides: Sb, As, Bi, Se, Te, Sn - HGAAS

 Hg – Cold Vapour, CVAAS

 Acidified sample solution is reacted with NaBH4  

producing the analyte hydride, which is carried on a 

stream of argon carrier gas to the atomizer

 The hydride decomposes in the atomizer to the 

elemental form and can be measured
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 A number of elements such as arsenic and selenium form 

volatile hydrides on reduction of their salts with suitable 

reducing agents such as sodium borohydride. 

Atomic absorption of the free atoms of the analyte element 

then occurs in the same way as with the flame or with an 

electrically heated cell.

Mercury can be determined in the same way but in this case 

the inorganic mecury present in the samples is reduced to 

atomic mercury, which can then be swept into the absorption 

tube where the atomic absorption process occurs.
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This analysis the tube does not need to be heated as the free 

atoms are generated at room temperature.Hence the name 

Cold Vapour AAS.

The basic theory is that:

 the acidified sample solution is reacted with NaBH4  

producing the analyte hydride, which is carried on a 

stream of argon carrier gas to the atomizer. 

The hydride decomposes in the atomizer to the 

elemental form and can be measured
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Now for the science--------

 Acidify sample

 Mix with reluctant

 Sodium borohydride NaBH4

 Analyte reduced to gaseous hydride

As3+  + BH4- + H+  -> AsH3  (gas) + BO3  + H2

 Gaseous analyte hydride separated from liquid reagents

 Gas liquid separator device

 Gaseous analyte hydride carried into heated cell

 Inert (e.g. Ar, N2) used to transport it

 Analyte atomised, and AA signal measured
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Hydride V’s Flame

 Reasons for poor flame sensitivity for hydride 

group elements:

 Low intensity HCL’s

 Absorption by flame gases

 Inefficiencies in sample intro eg. Nebulisation

 Improved sensitivity and reduced noise result in 

detection limits typically 1000x better than those 

achieved by conventional flame analysis.
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 The primary resonance lines used to measure the 

hydride group elements are in the deep UV region 

of the spectrum – indeed, the primary arsenic and 

selenium lines are below 200nm.

 In this region of the spectrum, the normal 

flame gases, and even the air itself, will absorb 

a significant proportion of the radiation emitted 

by the lamp.  
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This combination of low intensity hollow 

cathode lamps and the absorption by the flame 

gases results in rather noisy absorption signals, 

and consequently poor detection limits.

 Hydride generation offers the opportunity to 

improve sensitivity and reduce noise resulting in 

improved detection limits, which are typically 1000x 

better than those achieved by conventional flame 

AAS.
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Typical Environmental applications:

 As in drinking water

 Se in wastewaters

 Hg in soils and sludges

 As in seawater

 Hg in drinking water
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Vapour Generation - Modes of Operation

Vapour Generation accessories can be designed in 3 

ways:

1)   Batch Operation

2)   Flow Injection

3)   Continuous Flow

1) Batch Operation

 Discrete portions of reagents are mixed with each sample

 Volatile hydrides generated are swept into the spectrometer 

for measurement.

 The signal is measured as a peak
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Benefits:

1. The hardware required is cheap and simple.

2. Detection limits can be good, as large volumes 

of sample can be used.

3. No software interface is required.
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Drawbacks:

1. Sample throughput rate is low.

2. It is next to impossible to automate the 

measurement.

3. It is extremely difficult to interface the device to an 

autosampler.

4. Reagent consumption is high.

5.Significant operator skill and dexterity is required..
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2) Flow Injection Operation

A peristaltic pump is used to generate continuously flowing 

streams of reagents.

 A 6 port valve and sampling loop are used to inject discrete 

portions of the sample into one of the reagent streams.

The reagent streams are mixed, and the volatile hydrides are 

separated in a gas liquid separator and transported to the 

spectrometer for measurement.

The signal is measured as a peak
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3) Continuous Flow

 Reagents and sample are pumped to a reactor zone, 

where the chemical reaction takes place.

 The volatile hydrides are separated from the 

reaction mixture in a gas-liquid separator, and 

transported to the spectrometer for measurements.

 The signal rises to a steady state value, and can be 

integrated for as long as desired.
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Benefits:

The hardware required is reasonably simple. 

Signal precision is good.

Fully automatic operation is possible eg. auto 

samplers. Sample throughput rate is moderate.

Reagent consumption is moderate.
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Drawbacks:

Sensitivity is limited by maximum sample flow 

rate.

Significant (>10 seconds) stabilization and wash 

through times are necessary to avoid memory 

effects.

A software interface may be required.

The design of the gas liquid separator is critical, 

and must be optimised empirically.
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Sample Preparation Issues:

Sample preparation is a key issue with hydride 

generation analyses. 

Sample pre-reduction requirements can be 

divided, as you would expect into their 

respective groupings on the periodic table.
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Group VI elements Se and Te always require 

prereduction to the tetravalent state, since the 

hexavalent oxidation state for both elements 

would result in no measurable signal by any 

configuration.

Group VI - Se and Te require pre-reduction 

adding /boiling solutions with HCl for ~10 mins
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Group V (As,Sb and Bi) require pre-reduction

usually achieved using either Potassium Iodide or L-

Cysteine

Mercury requires no special prereduction sample 

preparation, 

But the actual reduction of mercury can take place 

through two reaction mechanisms:

1. Sodium Borohydride (NaBH4)

2. Stannous Chloride (SnCl2)
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Ion Coupled Plasma

ICP
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An inductively coupled plasma (ICP)

 ICP is a type of plasma source in which the 

energy is supplied by electrical currents which 

are produced by electromagnetic induction, 

that is, by time-varying magnetic fields

http://en.wikipedia.org/wiki/Plasma_%28physics%29
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Electrical_current
http://en.wikipedia.org/wiki/Electromagnetic_induction
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Magnetic_field
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Plasma refers to an ionized gas, in which a 

certain proportion of electrons are free, rather 

than being bound to an atom or molecule.

 The ability of the positive and negative charges 

to move somewhat independently makes the 

plasma electrically conductive so that it 

responds strongly to electromagnetic fields .
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 Plasma therefore has properties quite unlike 

those of solids, liquids or gases and is considered 

to be a distinct state of matter .

 Plasma typically takes the form of neutral gas-

like clouds (e.g .Stars(

http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/State_of_matter
http://en.wikipedia.org/wiki/Star
http://en.wikipedia.org/wiki/Star
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Operation:

 There are two types of ICP geometries: planar and cylindrical.

 In planar geometry, the electrode is a coil of flat metal   

wound like a spiral .

 In cylindrical geometry, it is like a helical spring.

 When a time-varying electric current is passed through the 

coil, it creates a time varying magnetic field around it, which 

in turn induces azimuthal electric currents in the rarefied 

gas, leading to break down and formation of plasma .

 Argon is one example of a commonly used rarefied gas.
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 Plasma temperatures can range between 6000K and 

10000K , comparable to the surface of the sun

 ICP discharges are of relatively high electron density, 

on the order of 1015 cm-0.3

 As a result, ICP discharges have wide applications 

where a high density plasma is necessary.

http://en.wikipedia.org/wiki/Helix
http://en.wikipedia.org/wiki/Azimuthal
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 Another benefit of ICP discharges is that they are 

relatively free of contamination because the 

electrodes are completely outside the reaction 

chamber.

 In a capacitively coupled plasma (CCP), in 

contrast, the electrodes are often placed inside the 

reactor and are thus exposed to the plasma and 

subsequent reactive chemical species.

03.03.2011 Seite 184Seite 184

Applications:

 ICP-AES, a type of atomic emission spectrometry 

 ICP-MS, a type of mass spectrometry .

 ICP-RIE, a type of reactive ion etching . 

http://en.wikipedia.org/wiki/Capacitively_coupled_plasma
http://en.wikipedia.org/wiki/ICP-AES
http://en.wikipedia.org/wiki/ICP-AES
http://en.wikipedia.org/wiki/ICP-AES
http://en.wikipedia.org/wiki/Emission_spectrometry
http://en.wikipedia.org/wiki/ICP-MS
http://en.wikipedia.org/wiki/ICP-MS
http://en.wikipedia.org/wiki/ICP-MS
http://en.wikipedia.org/wiki/Mass_spectrometry
http://en.wikipedia.org/w/index.php?title=ICP-RIE&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=ICP-RIE&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=ICP-RIE&action=edit&redlink=1
http://en.wikipedia.org/wiki/Reactive_ion_etching
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Inductively coupled plasma atomic emission 

spectroscopy (ICP-AES(

Also, referred to as Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES) is an 

analytical technique used for the detection of trace 

metals.

 It is a type of emission spectroscopy that uses the 

inductively coupled plasma to produce excited atoms 

and ions that emit electromagnetic radiation at 

wavelengths characteristic of a particular element .
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 The intensity of this emission is indicative of the 

concentration of the element within the sample.

The ICP-OES is composed of two parts:

1.The ICP  and

2. The optical spectrometer .

The ICP torch consists of 3 concentric quartz glass tubes .

 A water cooled coil of a radio frequency (RF) generator 

which surrounds part of the torch .

 Argon gas is typically used to create the plasma.

http://en.wikipedia.org/wiki/Emission_spectroscopy
http://en.wikipedia.org/wiki/Inductively_coupled_plasma
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Spectrometer
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Argon
http://en.wikipedia.org/wiki/Plasma
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 When the torch is turned on, an intense magnetic 

field from the radio frequency (RF) generator is 

turned on .

 The argon gas flowing through is ignited with a 

Tesla unit (typically a copper strip on the outside of 

the tube(
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 The argon gas is ionized in this field and flows in a 

particular rotationally symmetrically pattern towards 

the magnetic field of the RF coil . 

 A stable, high temperature plasma of about 7000K is 

then generated as the result of the inelastic collisions 

created between the neutral argon atoms and the 

charged particles

http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Radio_frequency
http://en.wikipedia.org/wiki/Tesla
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A.Peristaltic pump

 Delivers an aqueous or organic sample into a 

nebulizer where it is atomized and introduced 

directly inside the plasma flame .

 The sample immediately collides with the electrons 

and other charged ions in the plasma and is broken 

down into charged ions .
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 The various molecules break up into their respective 

atoms which then lose electrons and recombine 

repeatedly in the plasma, giving off the characteristic 

wavelengths of the elements involved.

http://en.wikipedia.org/wiki/Peristaltic_pump
http://en.wikipedia.org/wiki/Peristaltic_pump
http://en.wikipedia.org/wiki/Peristaltic_pump
http://en.wikipedia.org/wiki/Nebulizer
http://en.wikipedia.org/wiki/Ions
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Wavelength
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 A shear gas, typically nitrogen or dry compressed 

air is used to 'cut' the plasma flame at a specific 

spot .1 or 2 transfer lenses are then used to focus 

the emitted light on a diffraction grating where it is 

separated into its component radiation in the 

optical spectrometer . 
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 The light intensity is then measured with a 

photomultiplier tube at the specific wavelength for 

each element line involved.

 The intensity of each line is then compared to 

previous measured intensities of known 

concentrations of the element and its concentration 

is then computed by extrapolation along the 

calibration line.

http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Diffraction_grating
http://en.wikipedia.org/wiki/Photomultiplier
http://en.wikipedia.org/wiki/Concentration
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ثُضقون ٖٓ فقز ثُ٘ضجةؼ

Quality Control

03.03.2011 Seite 194Seite 194

:ٓوذٓز

ٓغت٤ُٞز مٔجٕ ثُؾٞدر ك٠ ثُٔؼجَٓ ص٘غخ ث٢ُ ؽخـ ُٚ خذشر ًجك٤ز دذشثٓؼ 

مٔجٕ ثُؾٞدر ٤ًٝل٤ز أدثسصز ٝصقذ٣غٚ ُٝذ٣ٚ ثُغِطز ٝثُٔغت٤ُٞز ُضطذ٤ن دشٗجٓؼ 

.  مٔجٕ ثُؾٞدر، ٝرٝ ٓشًض ٣ض٤ـ ُٚ ثلاصقجٍ دج٩دثسر ثُؼ٤ِج ُ٘وَ ثُضوجس٣ش إ٤ُٜج

، ٓطِغ  Technical educationٓغتٍٞ مٔجٕ ثُؾٞدر ٣ؾخ إٔ صؼ٤ِٔٚ ػ٤ِٔج

ٓغتٍٞ . ػ٠ِ ًَ ثُ٘ٞثف٢ ثُٔؼ٤ِٔز، ٝػ٠ِ ػِْ دجُطشم ث٩فقجة٤ز ُضو٤٤ْ ثُ٘ضجةؼ

مٔجٕ ثُؾٞدر ٣وّٞ ػ٠ِ إدخجٍ ثُذشٗجٓؼ ٝصقذ٣غٜج، إه٘جع ث٧ػنجء دؤ٤ٔٛضٚ، 

ٝصوذ٣ْ ثُٔؼِٞٓجس ثُنشٝس٣ز ٝثُضذس٣خ ٌَُ أػنجء ثُٔؼَٔ
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Definitionsصؼش٣لجس

فضٓز ث٧عضخلاؿExtraction Batch:

 ٢ٛ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس ثُقو٤ِز ٣ضْ أعضخلافٜج صقش ٗلظ ثُظشٝف ٝد٘لظ

. ثُؾخـ خلاٍ ٣ّٞ ػَٔ ٝثفذ ٣ٝغضخذّ ٓقٍِٞ ه٤جع٢ ٝثفذ ُؾ٤ٔغ ثُؼ٤٘جس

ٝٛزٙ ثُٔؾٔٞػز ٖٓ ثُؼ٤٘جس صقضجػ ث٢ُ ػ٤٘جس مجدطز

َفضٓز ثُضقج٤ُ:Analysis Batch

 ٍ24ػذجسر ػٖ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس ٣ضْ صق٤ِِٚ صقش ٗلظ ثُظشٝف خلا 

 Calibration check standards:عجػز ٓضنٔ٘ز أخضذجس ػ٤ِٔز ثُٔؼج٣شر

(CCC)
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Definitionsصجدغ صؼش٣لجس 

ثُٔقج٤َُ ثُو٤جع٤ز  :

Standard Solutions

 ٓقٍِٞ ه٤جع٢ ٓشًض:Stock Standard Solution (SSS)

. محهىل قياسي مركز يحتىي عهي انعنصر انمراد قياست في انمعمم

.نتر/ مهجم 1000 ويمكن شرائت من جهاث معتمدة وتركيزه غانبا 
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 Primary Dilution Standard (PDS):ٓقٍِٞ ه٤جع٢ أ٢ُٝ 

Solution 

 ٣Stock Standard Solution (SSS)قنش ٖٓ ثُٔقج٤َُ ثُٔشًضٙ 

٣ٝخلق د٘لظ ثُٔز٣خ ثُٔغضقذّ ك٢ صقن٤ش ثُٔقٍِٞ ثُٔشًض ث٢ُ صش٤ًض 

Calibration Standard (CAL).ٓضٞعو ٓجد٤ٖ ثُٔشًض ٝثُؼ٤جس١

 Calibration Standard (CAL):ٓقٍِٞ ه٤جع٢ ػ٤جس١

ٝثُو٤جع٢ (SUR)ٝثُؼ٤جس١ ثُذذ٣َ (PDS)٣قنش ٖٓ ثُقٍِٞ ثُو٤جع٢ ث٢ُٝ٧

ٝرُي ُٔؼج٣شر ثُؾٜجص ٝصقذ٣ذ ًلجءصٚ ٝفغجح صشث٤ًض ثٌُٔٞٗجس (IS)ثُذثخ٢ِ

.ثُٔشثد ه٤جعٜج

Definitionsصجدغ صؼش٣لجس 
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 Laboratory Reagent Blank (LRB): مجدو ثٌُٞثؽق ثُٔؼ٤ِٔز

 ٍٝ٣قنش ُِضؼشف ػ٢ِ ٝؽٞد أ١ ؽٞثةخ أٝصذخلاس دجُؼ٤٘ز خلاٍ ػ٤ِٔز ص٘ج

٣ٝضْ صقن٤شٙ دئخضذجس فؾْ ٖٓ ث٤ُٔجٙ ثُخج٤ُز ٖٓ ثُٔٞثد . ٝٓؼجُؾز ثُؼ٤٘ز

.  ثُؼن٣ٞز ٓغج١ٝ ُقؾْ ثُؼ٤٘ز ثُٔشثد صق٤ِِٜج ٣ٝضْ ثُضؼجَٓ ٓؼٜج ًؼ٤٘ز

 إرث صثد صش٤ًض ثُؼ٘قش ثُٔشثد ه٤جعز ك٠ ػ٤٘ز ثُذلاٗي ػٖ فذ ثُضوذ٣ش ُطش٣وز

ثُضق٤َِ كئٕ ٛزث ٣ؾ٤ش ث٠ُ ٝؽٞد صِٞط إٓج ثٕ ٣ٌٕٞ ٗجصؼ ٖٓ ثٌُٞثؽق أٝ ٖٓ 

.ثلادٝثس ثُٔغضخذٓز ك٠ ثُضق٤َِ

 (.ػ٤٘ز أٝ أه20َ)٣ؾخ صق٤َِ ػ٤٘ز دلاٗي ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس

تابع تعريفاث  Definitions 
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َٔمجدو ُِضؤًذ ٖٓ ؽٞدر ثُٔؼ:Laboratory Fortified Blank 

(LFB) 

ُضش ٖٓ ثُٔجء ثُخج٢ُ ٖٓ  ٣1قنش دئمجكز ثٌُٔٞٗجس ثُٔشثد ه٤جعٜج ث٢ُ 

ثُِٔٞعجس ثُؼن٣ٞز ٣ٝضْ أؽشثء ثُضقج٤َُ ثلاصٓز ًؼ٤٘ز صٔجٓج ، ٖٝٓ 

.  ثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج ٣ٌٖٔ ثُضؼشف ػ٢ِ ؽٞدر ٝدكز ثُضقج٤َُ

ػ٤٘ز أٝ 20)ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس (  LFB)٣ؾخ صق٤َِ ػ٤٘ز 

(.أهَ

تابع تعريفاث  Definitions 
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 ػ٤٘ز فو٢ِ ٓنجف ث٤ُٚ ثٌُٔٞٗجس ُِضقون ٖٓ فقز

 Laboratory Fortified Sample Matrix (LFSM:ثُ٘ضجةؼ

ػ٤٘ز فو٤ِز ٓنجف ث٤ُٜج ثُؼ٘جفش ثُٔشثد صق٤ِِٜجثKnown quantities of the 

method analytes   ٣ٝضْ فغجح ٓؼذٍ . صقش ٗلظ ظشٝف ٝٓٞثفلجس ثُؼ٤٘ز

ٖٝٓ . ُِ٘ضجةؼ control limitsٝفغجح  control chartsث٩عضشؽجع ٝسعْ 

ثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج ٣ٌٖٔ ثُضؼشف ػ٢ِ ؽٞدر ٝدكز ثُضقج٤َُ ٝرُي ُضقذ٣ذ ًلجءر 

.  ٝدهز ثُٔؼَٔ، ٌٓٞٗجس ثُؼ٤٘ز ٣ؾخ ه٤جعٜج ٝثػضذجسٛج ثُوجػذر ث٧عجع٤ز ػ٘ذ ثُقغجح

 ٣ؾخ صق٤َِ ػ٤٘ز(LFSM)   (.ػ٤٘ز أٝ أه20َ)ػ٘ذ صق٤َِ ٓؾٔٞػز ٖٓ ثُؼ٤٘جس

تابع تعريفاث  Definitions 
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مجدو ٓؼ٢ِٔ ٓزدٝػ:Laboratory Fortified Sample Matrix 

LFSMD) (Duplicate 

ػ٤٘ز فو٤ِز ثُٔنجف ث٤ُٚ ثُؼ٘قش ُِضقون ٖٓ فقز ثُ٘ضجةؼ ث٢ُ ٗقل٤ٖ  صوغْ

ٓضغج٣ٖٝ صٔجٓج، ٣ٝضْ صق٤ِِٜٔج صقش ٗلظ ثُظشٝف ٝد٘لظ ثُطش٣وز ٝثُٔٞثفلجس 

.ٖٝٓ ٗضجةؼ ثُضقج٤َُ ٣ٌٖٔ ثُضؤًذ ٖٓ فقز ثُ٘ضجةؼ

ػ٤٘ز ٓشؽؼ٤ز ُِضقون ٖٓ فقز ثُ٘ضجةؼ:Quality Control Sample (QCS) 

  صقنش ك٢ ثُٔؼَٔ ٖٓ ثُٔقج٤َُ ثُو٤جع٤ز ث٤ُٝ٧ز  ٣ٌٖٝٔ ثُققٍٞ ػ٤ِٜج ٖٓ ؽٜجس ٓؼضٔذر

(EPA- UNEP )

تابع تعريفاث  Definitions 
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ثُقذ ث٧د٢ٗ ُِطش٣وز :(DL)Detection Limit  

ٖٓ إٔ ٣ٌٕٞ % 99أهَ صش٤ًض ٌُِٔٞٗجس ثُٔشثد ه٤جعٜج  ٓغ ثُضؤًذ 

.ثُضش٤ًض أًذش ٖٓ ثُقلش

أهَ صش٤ًض ٣ؼضٔذ ك٢ ثُضوش٣ش:Minimum Reporting Level 

(MRL) 

إٔ أهَ صش٤ًض ُِٔقج٤َُ ٣ٌٕٞ أًذش ٖٓ أهَ صش٤ًض ٣ٌٖٔ صؼ٤٘ٚ ٣ٝؾضشه

ثُو٤جع٤ز ثُؼ٤جس٣ز

Definitionsصجدغ صؼش٣لجس 
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خطٞثس ثُضقون ٖٓ فقز ثُ٘ضجةؼ

Quality Control Procedure 

 ٣ؾخ ػ٢ِ ثُٔؼجَٓ ثُٔغتُٞز ػ٢ِ ثُو٤جّ دجُضقج٤َُ ثُخجفز دجُِٔٞعجس

ثُؼن٣ٞز ثُؾق٤قز ثصذجع دشثٓؼ ثُضقٌْ ك٢ ؽٞدر ٝدهز ثُضقج٤َُ دق٤ظ 

صؾضَٔ ػ٢ِ ثُضو٤ْ ث٢ُٝ٧ ُوذسر ثُٔؼجَٓ، ثُضؤًذ ٖٓ إٔ ًَ فضٓز صقج٤َُ 

.صؾضَٔ ػ٢ِ ؽ٤ٔغ ثُنٞثدو ٝثُٔقج٤َُ ثُؼ٤جس٣ز ٝثُو٤جع٤ز
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 ٓغت٤ُٞز مٔجٕ ثُؾٞدر ك٠ ثُٔؼجَٓ ص٘غخ ث٢ُ ؽخـ ُٚ خذشر ًجك٤ز

دذشثٓؼ مٔجٕ ثُؾٞدر ٤ًٝل٤ز أدثسصز ٝصقذ٣غٚ ُٝذ٣ٚ ثُغِطز ٝثُٔغت٤ُٞز 

ُضطذ٤ن دشٗجٓؼ مٔجٕ ثُؾٞدر، ٝرٝ ٓشًض ٣ض٤ـ ُٚ ثلاصقجٍ دج٩دثسر ثُؼ٤ِج 

.  ُ٘وَ ثُضوجس٣ش إ٤ُٜج

 ٓغتٍٞ مٔجٕ ثُؾٞدر ٣ؾخ إٔ صؼ٤ِٔٚ ػ٤ِٔجTechnical education 

، ٓطِغ ػ٠ِ ًَ ثُ٘ٞثف٢ ثُٔؼ٤ِٔز، ٝػ٠ِ ػِْ دجُطشم ث٩فقجة٤ز ُضو٤٤ْ 

ٓغتٍٞ مٔجٕ ثُؾٞدر ٣وّٞ ػ٠ِ إدخجٍ ثُذشٗجٓؼ ٝصقذ٣غٜج، إه٘جع . ثُ٘ضجةؼ

ث٧ػنجء دؤ٤ٔٛضٚ، ٝصوذ٣ْ ثُٔؼِٞٓجس ثُنشٝس٣ز ٝثُضذس٣خ ٌَُ أػنجء 

ثُٔؼَٔ
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ثُضو٤ْ ثُٔذذة٢ ُِٔخضذش

(Initial Demonstration of Capability (IDC

: ثُضو٤ْ ثُٔذذة٢ ُِضؼشف ػ٢ِ صش٤ًض ثُؾٞثةخ

Initial Demonstration of Low System Background

أٝ ُِضؼشف ػ٢ِ ثُضش٤ًض  ُِضؤًذ ٖٓ خِٞ ثٌُٞثؽق ٖٓ أ١ ؽٞثةخ 

ٝرُي دضق٤َِ ػ٤٘ز  (background concentration )ثُٔشؽؼ٢

ٝثُضؤًذ Laboratory reagent   blankمجدو ثٌُٞثؽق ثُٔؼ٤ِٔز 

  .ٖٓ خِٞ ثٌُٞثؽق ٖٓ أ١ ؽٞثةخ
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  :Initial Demonstration of Accuracyثُضو٤ْ ثُٔذذة٢ ُِؾٞدر 

 َٝرُي دضق٤َِ ػ٤٘ز ٓشؽؼ٤ز ٓؼِٞٓز ثُضش٤ًض  ٣ٝؾخ إٔ صٌٕٞ ٗض٤ؾز ثُضق٤ِ

.  ٖٓ ثُضش٤ًض ث٧ف٢ِ% 120، % 80ٓجد٤ٖ 

 دؼذ ثُضجًذ ٖٓ ثُضقج٤َُ ثُغجدوز ٣ضْ صق٤َِ ػ٤٘ز مجدو ٓؼ٢ِٔ صقض١ٞ ػ٢ِ

٤ٌٓشٝؽشثّ ٖٓ أفذ ثٌُٞٗجس ثُٔشثد ه٤جعٜجأٝ أخض٤جس صش٤ًض  10صش٤ًض 

٣ٝؾخ . ٓضٞعو ٓجد٤ٖ أػ٢ِ صش٤ًض ٝأهَ صش٤ًض ُِٔقج٤َُ ثُو٤جع٤ز ثُؼ٤جس٣ز

.ٖٓ ثُضش٤ًض ث٧ف٢ِ% 20± إٔ ٣ٌٕٞ ٓضٞعو ثُ٘ضجةؼ 

ثُضو٤ْ ثُٔذذة٢ ُِٔخضذشصجدغ 

(Initial Demonstration of Capability (IDC
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 Initial Demonstration of Accuracy:ثُضو٤ْ ثلا٢ُٝ ُِذهز

 ٍثُ٘ضجةؼ ثُٔضققَ ػ٤ِٜج ك٢ ثُلوشر ثُغجدوز ٣ضْ فغجح ٓضٞعو ٓؼذ ٖٓ

ُؾ٤ٔغ ثُ٘ضجةؼ ٝثُلشم ك٢ ٓؼذٍ  Standard Deviation (SD)ث٧ٗقشثف

أُ٘قشثف  ٓجد٤ٖ صشًض٣ٖ ٝػ٢ِ ٛزث ث٧عجط ٣قغخ ٓؼذٍ أٗقشثف ثُ٘غذ٢ 

٣ٌٖٔ صق٤َِ ػذد ػ٤٘ض٤جٕ ٓؼ٤ِٔز ٓؼِٞٓز ثُضش٤ًض %. ٣ٝ25ؾضشه ثلا٣ض٣ذ ػٖ 

.ٝثُو٤جّ د٘لظ ثُقغجدجس

% RSD= (SD1-SD2) x100

SD average 

ثُضو٤ْ ثُٔذذة٢ ُِٔخضذشصجدغ 

(Initial Demonstration of Capability (IDC
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Detection Limit (DL):صؼ٤ٖ فذ ثُضوذ٣ش

٣ضْ فغجدز فذ ثُضوذ٣ش  ٌَُ ػ٘قش ًجلاص٠:

The DL for ech metal is calculated as DL= 3 x 

standard deviation of the mean of the blank 

determinations (n > 20.)

 ٣ٝؼضذش فذ ثُضوذ٣ش ؿ٤ش عجدش ف٤ظ ثٗز ٣قضجػ ث٠ُ إػجدر صو٤ْ ٖٓ ٝهش

(Blank)لاخش صذؼج ُِضـ٤ش ك٠ ٓغضٟٞ ثُنجدو ثُٔؼ٠ِٔ  

ثُضو٤ْ ثُٔذذة٢ ُِٔخضذشصجدغ 

(Initial Demonstration of Capability (IDC
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ثُضقون ٖٓ ؽٞدر ٝدهز ثُ٘ضجةؼ

مجدو ثٌُٞثؽق ثُٔؼ٤ِٔز:Laboratory Reagent Blank  

َ٣ضْ ثُو٤جّ دضق٤َِ ػ٤٘ز مجدو ًٞثؽق ٓؼ٤ِٔز ٓغ ًَ فضٓز ثُضقج٤ُ

Analysis Batch  ٝرُي ُِضؤًذ ٖٓ خِٞ ٛج ٖٓ أ١ ؽٞثةخ أٝ ُِضؼشف

ٗض٤ؾز  Back ground concentrationػ٢ِ ثُضش٤ًض ثُٔٞؽٞد

.ثعضخذثّ ٛزٙ ثٌُٞثؽق

 ثخضذجس ثُٔؼج٣شر ثُٔغضٔش:Continuing Calibration Check 

(CCC) 
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ثُضقون ٖٓ ؽٞدر ٝدهز ثُ٘ضجةؼصجدغ 

ػ٤٘ز  20ٓغ ًَ  ٣ضْ دضق٤َِ ٓقٍِٞ ه٤جع٢ ػ٤جس١Analysis Batch 

.دق٤ظ ٣ٌٕٞ صش٤ًضٙ ٣وغ دٔضٞعو أهَ صش٤ًض ٝأػ٢ِ صش٤ًض

  َإخضذجس ثُؾٞدر دئعضخذثّ ٓقٍِٞ ه٤جع٢ دذ٣Surrogate Standard 

SUR. )

   َ٣ضْ أمجكز صش٤ًض ٓؼ٤ٖ ٖٓ ثُٔقٍِٞ ثُو٤جع٢ ثُذذ٣SUR ٖٓٝ ث٢ُ ثُؼ٤٘ز

ٗضجةؼ ثُضق٤َِ ٣ٌٖٔ صقذ٣ذ ثُؾٞدر
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 (LFSMD):مجدو ٓؼ٢ِٔ ٓزدٝػ ُِضقون ٖٓ فقز ثُ٘ضجةؼ ٝؽٞدصٜج

 ٖصوغْ ػ٤٘ز فو٤ِز ٓنجف ث٤ُٜج ثٌُٔٞٗجس ثُٔشثد ه٤جعٜج ث٢ُ هغ٤ٔ

 (Batch Analysis )ػ٤٘ز  20ٓضغج٣ٖٝ صٔجٓج، ٣ٝضْ صق٤ِِٜٔج ٓغ ًَ 

صقش ٗلظ ثُظشٝف ٝد٘لظ ثُطش٣وز ٝثُٔٞثفلجس ٖٝٓ ٗضجةؼ ثُضقج٤َُ 

.٣ٌٖٔ ثُضؤًذ ٖٓ فقز ثُ٘ضجةؼ ٝرُي دقغجح ثُلشم ثُ٘غذ٢ د٤ٖ ثُ٘ض٤ؾض٤ٖ

 ٣ٌٖٔ فغجح ثُلشم ثُ٘غذ٢ دضق٤َِ ػ٤٘ضجٕ فو٤ِض٘جٕ ٖٓ ٗلظ ثُٔٞهغ

.ٝصقش ٗلظ ظشف ؽٔغ ثُؼ٤٘جس ٝثُضقج٤َُ 

انتحقق من جىدة ودقت اننتائجتابع 
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ػ٤٘ز ٓشؽؼ٤ز ُِضقون ٖٓ فقز ثُ٘ضجةؼ:

)Quality Control Sample (QCS

صقنش ك٢ ثُٔؼَٔ ٖٓ ثُٔقج٤َُ ثُو٤جع٤ز ث٤ُٝ٧ز  ٣ٌٖٝٔ ثُققٍٞ 

ػ٤ِٜج ٖٓ ؽٜجس ٓؼضٔذر ٣ٝضْ صق٤ِِٜج  ٖٝٓ ٗضجةؼ ثُضقج٤َُ ٣ٌٖٔ 

فغجح فقز ٝؽٞدر ثُ٘ضجةؼ ٌَُ ػ٘قش ٣ٝؾضشه إٔ صٌٕٞ ك٢ 

%. 25± فذٝد

انتحقق من جىدة ودقت اننتائجتابع 
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Calibration: ثُٔؼج٣شر 

 ثُٔقج٤َُ ثُو٤جع٤ز ثُؼ٤جس٣ز

صقنش ثُٔقج٤َُ ثُو٤جع٤ز ثُؼ٤جس٣ز  ػ٘ذ صشث٤ًض ٓخضِلز  لاصوَ ػٖ خٔؾز صشث٤ًض ، 

ث٢ُ  Stock standard solution 1000 mg/Lٝرُي دئمجكز فؾْ ٓؼ٤ٖ ٖٓ 

فٔل ٤ٗضش٣ي )َٓ صقض١ٞ ػ٢ِ فٔل ٓخلق ٓ٘جعخ  100هجسٝسر ػ٤جس٣ز عؼز 

.َٓ 100عْ ثُضخل٤ق ث٢ُ  METB، (أٝ فٔل ٤ٛذسًِٝٞس٣ي ثُٔخلق
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ثُٔقٍِٞ ثُؼ٤جسٟ ثُٞعو( :Intermediate standard solution 

mg/ml100 (A)(

 Stock standard solution 1000)َٓ ٖٓ ثُٔقٍِٞ ثُٔشًضر  ٣10ضْ رُي دضخل٤ق 

mg/L) صقض١ٞ ػ٢ِ ثُقٔل ثُٔخلق  100 ٝد٘وَ  ث٠ُ هجسٝسر ػ٤جس٣ز عؼز َٓ

.َٓ 100ثُٔ٘جعخ عْ ثُضخل٤ق ث٢ُ 
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 ثُٔقٍِٞ ثُؼ٤جسٟ ثُٞعو(10()حmg/ml )Intermediate 

standard solution (B)

 ثُٔقٍِٞ   ٣10ضْ رُي دضخل٤ق ٖٓ َٓIntermediate standard 

solution (A)(100 mg/ml)  صقض١ٞ 100ث٢ُ هجسٝسر ػ٤جس٣ز عؼز َٓ

.َٓ 100ػ٢ِ ثُقٔل ثُٔخلق  ثُٔ٘جعخ  عْ ثُضخل٤ق ث٢ُ 
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 ثُٔقٍِٞ ثُؼ٤جسٟ ثُٞعو(10( )ػ mg/ml)Intermediate 

standard solution (C)

 ثُٔقٍِٞ   ٣10ضْ رُي دضخل٤ق ٖٓ َٓIntermediate standard 

solution (B)(10 mg/ml)  صقض١ٞ ػ٢ِ 100ث٢ُ هجسٝسر ػ٤جس٣ز عؼز َٓ

.َٓ 100ثُقٔل ثُٔخلق  ثُٔ٘جعخ  عْ ثُضخل٤ق ث٢ُ 
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ٓقج٤َُ ثُؼَٔ ثُو٤جع٤ز :Working standard solution

1( )ػ)٣ضْ صخل٤ق أفؾجّ ٓخضِلز ٖٓ  ثُٔقٍِٞ ثُؼ٤جسٟ ثُٞعو  

mg/ml) 100َٓ عْ ثُضخل٤ق ث٢ُ  100ث٠ُ  هجسٝسر ػ٤جس٣ز عؼز 

فٔل ٤ٗضش٣ي أٝ فٔل ٤ٛذسًِٝٞس٣ي )َٓ دقٔل ٓخلق ٓ٘جعخ 

ُِققٍٞ ػ٠ِ صش٤ًضثس ٓخضِلز ُؼَٔ ثُٔ٘ق٠٘ ثُؼ٤جسٟ ( ثُٔخلق

.ُِؼ٘قش ثُٔشثد صوذ٣شر

انتحقق من جىدة ودقت اننتائجتابع 
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ثُضو٤ْ ثُٔذذة٢ ُِٔخضذشصجدغ 

(Initial Demonstration of Capability (IDC
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تثبٌت طرٌقة التحلٌل

Validation of analytical 

method

03.03.2011 Seite 220Seite 220

  التـثـبـتValidation:

تأكٌد صحة القٌاس عن طرٌق الاختبار وتقدٌم أدلة موضوعٌة على أن 

 متطلبات محددة قد تم تحقٌقها
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: Method Validationالتثبت من صحة الطرٌقة

 عمــلٌـة تبــرهــن خــــواص الأداء ومحــددات استخـدام الطرٌقــة

كما تعـرف المؤثـرات التً قـــد تغٌــر هـــذه الخــواص وإلــى أي 

مـــــدى بالإضـافـة إلى تحــدٌــد المقٌــس أو الخــواص المقٌسة داخل 

كما تبٌــن . منظــومة فً وجـود التداخــلات والمؤثـرات المحتمـلة

درجـة صحـة النتائــج ودقتها التً ٌمكـن للطرٌقــة تحقٌقهــا فً 

.     إطــار ظروف خــواص الأداء والمحـــددات والمؤثرات

 عملٌة تؤكد صلاحٌة الطرٌقة للغرض منها أي ملاءمتها لحل مشكلة

.معٌنة
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متى ٌجــب التـثـبـت ؟

عند إصدار طرٌقة جدٌدة لمعالجة مشكلة محددة.

مراجعة طرٌقة تستخدم لتحسٌنها أو لتعالج مشكلة إضافٌة.

 إذا أظهرت إجراءات ضبط الجودة أن نتائج طرٌقة مستخدمة تتأثر

.بالوقت

 عند استخدام الطرٌقة فً معمل مختلف أو بواسطة أفراد آخرٌن أو

.باستخدام أجهزة مختلفة

لبٌان تكافؤ طرٌقتان مثل طرٌقة جدٌدة ومواصفة قٌاسٌة للاختبار.
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:كٌفٌة إختٌار طرق التحلٌل( أ

المعاٌرة المطلوبة/ملائمة للاختٌار

ٌفضل ان تكون منشورة فً مواصفة دولٌة أو إقلٌمٌة أو وطنٌة

أحدث الإصدارات السارٌة للمواصفة ما لم ٌكن ذلك غٌر مناسب أو غٌر ممكن.

 ٌمكن استخدام طرق طورها المعمل أو طرق ٌتبناها المعمل شرٌطة أن تكون

.مناسبة للغرض وتم التحقق من صحتها

 التحقق من صحة الطرٌقة بالشكل فى حالة إستخدام طرق غٌر قٌاسٌة ٌجب

.المناسب قبل استخدامه
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إجراءات طرق الاختبار أو المعاٌرة الجدٌدة قبل إجراء الاختبارات وضع 

أو المعاٌرات حٌث تحتوي هذه الطرق على المعلومات التالٌة على /و

:الأقل

ها مجال عمل ة  وأ   تعرٌف مناسب للطرٌق     

وصف لطراز الغرض المراد اختباره أو معاٌرته ب      

العناصر والكمٌات والمدى المراد تحدٌدهاج       

متطلبات الأداء الفنً و مرجع القٌاسوالأجهزة المستخدمة  د       

.الظروف البٌئٌة المطلوبة هـ      
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: وصف للطرٌقة ٌتضمن و 

المراجعات اللازمة قبل بدء العمل

التحقق من أن المعدة تعمل بشكل صحٌح قبل كل استخدام.

 طرٌقة تسجٌل القراءات والنتائج

أي إجراءات لضمان السلامة ٌجب مراعاتها.

أو متطلبات القبول أو الرفض/المقومات و

البٌانات الواجب تسجٌلها وطرق التحلٌل وعرض النتائج.

اللاٌقٌن أو طرٌقة تقدٌر اللاٌقٌن.

وضع علامات تمٌٌز الغرض وتناوله ونقله وتخزٌنه وإعداده للقٌاس.
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:كٌفٌة التحقق من صحة الطرق

ص وتقدٌم الأدلة ـالتحقق من صحة الطرٌقة هو التأكد بالفح1.

الموضوعٌة على أن الاحتٌاجات المعنٌة لتحقٌق غرض محدد 

.قد تم توفرها
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على المعمل أن ٌتحقق من صحة الطرق الغٌر قٌاسٌة والطرق التً تم 2.

رها بواسطة المعمل والطرق القٌاسٌة المستخدمة خارج ـتطوٌ/ تصمٌمها 

المجال المراد لها والإسهاب أو التوسع والتعدٌلات التً قد ٌدخلها على 

الطرق القٌاسٌة وذلك للتأكد من صلاحٌة الطرق للغرض المقصود هذا 

وٌلزم أن ٌكون التحقق شاملاً حسبما ٌجب لمواجهة احتٌاجات التطبٌق 

.  ومجالاته

وعلى المعمل أن ٌسجل النتائج المستخرجة  والطرٌقة المستخدمة للتحقق 

.ونص ٌوضح ما إذا كانت الطرٌقة صالحة للغرض المقصود
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ٌلزززم أن ٌكززون المززدى وصززحة القززٌم التززً ٌحصززل علٌهززا المعمززل مززن 3.

للغزززرض  زبزززونالطزززرق المحقزززق صزززحتها وثٌزززق الصزززلة باحتٌاجزززات ال

. أجله هذه الطرقمن  المستخدمة

فزً نتزائج uncertainityاللاٌقزٌن  قٌمزة: ومزن أمثلزة المزدى والقزٌم

أو تطزابق /حزدود التكرارٌزة ووخطٌزة النتزائج والكشف وحدود  القٌاس

.استخراجٌة النتائج وثباتها أمام المؤثرات الخارجٌة
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:تقدٌر قٌمة اللاٌقٌن فً نتائج القٌاس

  ٌجب تقدٌر قٌمة اللاٌقٌن فً نتائج القٌاس بشكل ٌمكن فهمه

ٌمكن الحصول على أغلب المعلومات المطلوبة . وٌسهل استخدامه

لتقدٌر اللاٌقٌن  أثناء إجراء عملٌة التثبت من صحة طرق القٌاس

المعاٌرات  ٌجري على معمل المعاٌرة أو معمل الاختبار الذي

لتقدٌر اللاٌقٌن فً نتائج  طرٌقة المراجعة الخاصة به أن ٌطبق

المعاٌراتالقٌاس لكل 
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 فً حالات معٌنة تحول طبٌعة طرٌقة الاختبار دون إجراء

حسابات بالغة الدقة وصحٌحة لقٌم اللاٌقٌن فً نتائج القٌاس 

محاولة تعٌٌن كل مكونات –على أقل تقدٌر –ٌتعٌن على المعمل 

.اللاٌقٌن وعمل تقدٌر معقول لقٌمها

 عند تقدٌر قٌمة اللاٌقٌن فً نتائج القٌاس ٌلزم أخذ كل مكونات

اللاٌقٌن الهامة للحالة موضع الاعتبار مع استخدام طرق التحلٌل 

.المناسبة
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ػ٘جفش ثُضغذش ٝثُٔقطِقجس  

  الاختبـــارTest:

عملٌة فنٌة تنتهً بتحدٌد خاصٌة أو أكثر لمنتج معٌن طبقا لطرٌقة محددة

  معمـل اختبــارTest Laboratory:

.المعمل الذي ٌؤدي اختبارات وٌمكن أن ٌكون المعمل كٌان قانونً أو كٌان فنً أو كلاهما

  الغرض المختبرTest Item:

.المادة أو المنتج المقدم للمعمل بغرض استخدامه فً اختبارات الكفاءة الفنٌة

  طرٌقة الاختبــارTest Method:

طرٌقة فنٌة محددة لأداء الاختبار
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  نتٌجة الاختبــارTest Result:

قٌمة خاصٌة تم تعٌٌنها بالكامل عن طرٌق طرٌقة قٌاس محددة

 (   جهاز قٌاس)صحةAccuracy:

قدرة جهاز القٌاس لإعطاء استجابة قرٌبة من القٌمة الحقٌقٌة 

القٌمــــة:

  القٌمة الحقٌقٌةTrue Value:

(.غٌر معروفة بالطبٌعة)قٌمة متوافقة مع تعرٌف كمٌة معٌنة 
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القٌمة الحقٌقٌة المتفق علٌها:

 Conventional True Value (Assigned Value)    

 َدو٤ٔز لا٣و٤ٖ ٓ٘جعخ ُـشك ٓؼ٤ٖ–أف٤جٗج ػشك٤ج –ه٤ٔز ص٘غخ ٤ٌُٔز ٓؼ٤٘ز ٝصوذ.

ثُو٤ٔز ثُٔشؽؼ٤ز ثُٔوذُٞز :

  Accepted Reference Value:

ثُو٤ٔز ثُٔضلن ػ٠ِ إٔ صٔغَ ه٤ٔز ٓشؽؼ٤ز ُِٔوجسٗز ٝصؾضن ػ٠ِ أعجط:

ٓذجدا ٗظش٣ز أٝ ػ٤ِٔز«

ه٤ٔز ٓٞعوز ٖٓ ػَٔ ٓؼ٢ِٔ ه٢ٓٞ أٝ ٓ٘ظٔز د٤ُٝز«

ه٤ٔز ٓؾٔغ ػ٤ِٜج ٗض٤ؾز ػَٔ ٓؼ٢ِٔ صؼج٢ٗٝ«

ه٤ٔز ٓضٞعطز ُٔؾٔٞػز ٓقذدر ٖٓ ثُو٤جعجس
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 (ثُٔؼَٔ)ثخضذجس ًلجءر

 (Laboratory) proficiency testing:

.صو٤٤ْ أدثء ثُٔؼَٔ ك٢ ثلاخضذجسثس ػٖ هش٣ن  ثُٔوجسٗجس د٤ٖ ثُٔؼ٤ِٔز

ثُٔوجسٗجس د٤ٖ ثُٔؼ٤ِٔز

 Interlaboratory comparisons:

ػ٤ِٔز ص٘ظ٤ـْ ٝأدثء ٝصو٤٤ــْ ثخضذجسثس صؾشٟ ػ٠ِ ٗلظ ثُـشك ثُٔخضذش أٝ ٓغ٤ِٚ 

.  دٞثعطز ٓؼ٤ِٖٔ أٝ أًغش هذوج ُؾشٝه ٓقذدر ٓغذوج

ك٢ دؼل ثُقجلاس هذ ٣ٌٕٞ أفذ ثُٔؼجَٓ ثُٔؾجسًز ك٢ دشٗجٓؼ ثُٔوجسٗجس د٤ٖ ثُٔؼ٤ِٔز ٛٞ 

.ثُٔؼَٔ ثُز١ ٣وـذّ ثُو٤ٔز ثُقو٤و٤ز ثُٔضلن ػ٤ِٜج ُِـشك ٓٞمغ ثلاخضذجس
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  ٓجدر ٓشؽؼ٤زReference material [RM]:

ٓجدر رثس خجف٤ز أٝ خٞثؿ ٓضؾجٗغز دؾٌَ ًجك٢ ٝٓغذضز دؾٌَ ؽ٤ذ ُضغضخذّ ك٢ 

ٓؼج٣ـــشر ؽٜــجص أٝ صو٤٤ــْ هش٣وـز ه٤ــجط أٝ إػطجء ه٤ٔز ٓضلن ػ٤ِٜج ُخٞثؿ 

.ثُٔٞثد

 ٓجدر ٓشؽؼ٤ز ٓٞعوز

Certified reference material (CRM):

ٓجدر ٓشؽؼ٤ز ٓققٞدز دؾٜجدر صٞعن ه٤ٔز خجف٤ز أٝ خٞثؿ دطش٣وز صغذش ث٩ع٘جد 

إ٠ُ صقو٤ن فق٤ـ ُِٞفذر ثُض٢ ٣ؼذش ػٖ ثُخجف٤ز دٜج ٣ٝقجفخ ه٤ٔز ًَ خجف٤ز 

.ه٤ٔز ُلا٣و٤ٖ ٓقذدر دذسؽز عوز ٓقذدر
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  ٓؼَٔ ٓشؽؼ٢Reference laboratory:

(ٓؼٜذ ٓؼج٣شر ه٢ٓٞ: ٓغجٍ)ثُٔؼَٔ ثُز١ ٣وذّ ثُو٤ْ ثُٔشؽؼ٤ز ُِـشك ثُٔشثد ثخضذجسٙ 

  ثُضـضـذـؼـ٤ـــزTraceability:

خجف٤ـــز ٗض٤ؾـز ه٤ـــجط أٝ ه٤ٔـز ه٤ـجع٤ــز ٣ٔـٌٖ ٗغذٜـج ٝإع٘جدٛج إ٠ُ ه٤ٔز ٓشؽؼ٤ز 

ٖٓ خلاٍ عِغِز ٓضقِز ٖٓ ثُٔوجسٗــجس رثس –ػجدر ٓجصٌٕٞ ه٤ٓٞز أٝ د٤ُٝز  -ٓوشسر 

.  ثُ٘ضجةؼ ثُٔققٞدز دو٤ْ لا٣و٤ٖ

 (:  ثُطش٣وز)هٞرRobustness

هٞر ثُطش٣وز ثُضق٤ِ٤ِز ٢ٛ ٓو٤جط ُوذسصٜج ػ٠ِ ثُذوــجء دٕٝ ثُضؤعش دجُضـ٤شثس ثُقـ٤ــشر 

.ٝصذ٤ٖ ٓؼ٤ُٞز ثعضخذثٜٓج ك٢ ثُظشٝف ثُٔؼضجدر ثُطش٣وزثُٔضؼٔــذر ك٢ ػ٘جفـش 
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 (: ثُطش٣وز)ثخضذجس ٓؼ٤ُٞزRuggedness Test:

ُذقظ ع٤ش ػ٤ِٔــز صق٤ِ٤ِـــز ػ٘ذ إفـذثط صـ٤ــشثس فـ٤شر ك٢ ثُظشٝف  دسثعز ٓؼ٤ِٔـــز

٣ٝض٤ـ . أٝ ظشٝف ثُضؾـ٤َ ٓٔـجعِـز ُٔج هذ ٣قـذط ك٢ ظشٝف ٓخضِلز ُلاخضذجس/ثُذ٤ت٤ز ٝ

ثخضذــجس ثُٔؼ٤ُٞــز ثُققـــٍٞ ثُغش٣ـــغ ٝثُٜٔ٘ؾـ٢ ػِـ٠ ٓؼِـٞٓــجس ػـٖ صؤعـ٤ــش ثُضـ٤شثس 

.ثُذغ٤طز

 ثُو٤ٔز ثُذؼ٤ذر  :Outlier

ه٤ٔـز ؿ٤ش ٓضٞثكوــز ٓغ دـجه٢ ثُو٤ـْ ثُٔ٘ض٤ٔـز إ٠ُ ٗلـظ ثُٔؾٔٞػز

ٗض٤ؾز ٓضطشكز  :Extreme results

 ثُو٤ْ ثُذؼ٤ذر ٝثُو٤ْ ث٧خشٟ ثُـ٤ش ٓضٞثكوـز دؾٌـَ ًذ٤ـش ٓغ ثُو٤ْ ث٧خشٟ ثُٔ٘ض٤ٔز ُ٘لظ

ٝهذ ٣ٌـٕٞ ُٜـزٙ ثُ٘ضجةــؼ صؤع٤ـشث ػ٤ٔوــج ػ٠ِ ثُخـٞثؿ ث٩فقجة٤ز ٓغَ . ٓؾٔٞػز ثُذ٤جٗجس

.ثُٔضٞعو ثُقغجد٢ ٝثلاٗقشثف ثُٔؼ٤جس١
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ثُضو٤٘جس ث٩فقجة٤ز ثُلؼجُز:

Robust statistical techniques

صو٤٘جس ُضو٤َِ صؤع٤ش ثُ٘ضجةؼ ثُٔضطشكز ػ٠ِ صوذ٣ــش ه٤ــْ ثُٔضٞعـو ثُقغـجد٢ ٝث٩ٗقـشثف 

ٝصغضخذّ ٛزٙ ث٧عج٤ُـخ ُضو٤ِـَ ٝصٕ ثُ٘ضجةــؼ ثُٔضطشكز دذلا ٖٓ فزف . ثُٔؼ٤ـجس١

.ٛزٙ ثُ٘ضجةؼ ٖٓ ٓؾٔٞػز ثُذ٤جٗجس

 ثُضٌــشثس٣ــز  :Repeatability

٠ٛ ثُذهــز صقـش ظــشٝف ٓضٌــشسر ،  دٔؼ٠٘ ثُظـشٝف ثُض٢ ٣ٌٖٔ إٔ صؼط٠ ٗضجةؼ 

ثخضذجس ٓغضوَ دجعضخذثّ ٗلظ ثُطش٣وز ػ٠ِ ؿشك ٓشثد ثخضذجسٙ ٓٔجعَ صٔجٓج ك٢ 

ٗلظ ثُٔؼَٔ دٞثعطز ٗلظ ثُؾخـ ٓغضخــذٓج ٗلظ ث٧دٝثس خلاٍ كضشر ص٤٘ٓز 

  .هق٤شر
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 ( :  ٗضجةؼ ثُو٤جط)صٌــشثس٣ــزRepeatability

ٓذٟ هـشح ثلاصلـجم د٤ٖ ٗضجةـؼ ػ٤ِٔـجس ه٤ـجط ٓضضـجدؼز ُ٘لظ ثُٔو٤ظ صٔش صقش ٗلظ ظشٝف 

.ثُو٤جط

 ( :  ؽٜجص ثُو٤جط)صٌــشثس٣ــزRepeatability

هذسر ؽٜـجص ثُو٤ــجط ػ٠ِ إػطـجء ٗضجةـؼ ٓضٔجعِز ػ٘ذ صٌشثس ه٤جط ٗلظ ثُٔو٤ظ صقش ٗلظ 

.ظشٝف ثُو٤جط

صٌــشثس٣ــز ثُ٘ضجػ  :Reproducibility

٠ٛ ثُذهز صقش ظشٝف إٗضــجػ ٓضٌشسر، دٔؼ٠٘  ثُظــشٝف ثُض٢ ٣ٌٖٔ إٔ صؼط٠ ٗضجةؼ ثخضذجس 

دجعضخذثّ ٗلظ ثُطش٣وز ػ٠ِ ؿشك ٓشثد ثخضذجسٙ ٓٔجعَ صٔجٓج ك٢ ٓؼجَٓ ٓخضِلـز دٞثعطز 

٣ٝلافــع إٔ ثُ٘ـ ثُـذثٍ ػ٠ِ صٌــشثس٣ز ثُ٘ضـجػ . أؽخجؿ ٓخضِل٤ٖ دجعضخذثّ أدٝثس ٓخضِلز

.٣ؾخ إٔ ٣ضنٖٔ صقذ٣ذ ثُظشٝف ثُض٢ صـ٤شس
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ثُلا٣و٤ٖ ك٢ ثُو٤جط:

Uncertainty of measurement

ٛٞ ه٤ٔز ٓشصذطز د٘ض٤ؾز ثُو٤جط صقذد ٓذٟ صؾضش ثُو٤ْ ثُض٢ ٣ٌٖٔ إٔ 

.ص٤ٔض أٝ ص٘غخ إ٠ُ ثُٔو٤ظ

ثُلا٣و٤ٖ ثُٔؼ٤جس١:

Standard Uncertainty u(xi)

.ثُلا٣و٤ٖ ك٢ ٗض٤ؾـز ه٤ـجط ٓؼذـش ػ٘ـٚ دو٤ٔـز ثٗقـشثف ٓؼ٤جس١ ٝثفذ
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ثُلا٣و٤ٖ ثُٔؼ٤جس١ ثُٔؾٔغ:

(y):ucCombined Standard Uncertainty 

ثُلا٣و٤ـٖ ثُٔؼ٤ـجس١ ُ٘ض٤ؾز ثُو٤ـجط ػ٘ذٓج ٗققـَ ػ٠ِ ثُ٘ض٤ؾــز ٖٓ ه٤ـْ 

ُؼـذد ٖٓ ث٤ٌُٔـجس ، ٝصغج١ٝ ثُو٤ٔز ثُٔٞؽذـز ُِؾـزس ثُضشد٤ـؼ٢ 

ُٔؾٔــٞع ٓشدؼــجس أهـشثف ف٤ـظ ٣ؼـشف ثُطــشف دؤٗٚ ه٤ٔــز صؼذــش 

ػٖ صلــجٝس أٝ ثخضـلاف ه٤ــْ ٛـزٙ ث٤ٌُٔـجس دؼـذ صقـذ٣ذ عوـَ صؤع٤ـش ٛزٙ 

.ث٤ٌُٔجس ػ٠ِ صـ٤شٗض٤ؾز ثُو٤جط صذؼج ُٜزٙ ث٤ٌُٔجس
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ثُلا٣و٤ــٖ ثُٔٞعــغ  :Expanded Uncertainty U 

ٛـٞ ٤ًٔز صقـذد ٓذٟ ُ٘ض٤ؾز ه٤ـجط ٣ضـٞهغ إٔ ٣ققـش ٗغذــز ًذ٤ــشر ٖٓ 

.صٞص٣ــغ ثُو٤ــْ ثُض٢ ٣ٌٔـٖ ٗغذضـٜج ُِٔـوـ٤ـظ

ٓؼجَٓ ثُضـط٤ز أٝ ثلآضذثد  :Coverage factor k

ٛٞ ٓؼـجَٓ ػـذد١ ٣غضخذّ ُٔنجػلز ه٤ٔز ثُلا٣و٤ٖ ثُٔؼ٤ــجس١ ثُٔؾٔـغ 

ٝػـجدر ٓج صٌٕٞ ه٤ٔز ٛزث . ُِققـٍٞ ػ٠ِ ه٤ٔـز ثُلا٣ـو٤ـــٖ ثُٔـٞعــغ

.3ٝ    2ثُٔؼجَٓ د٤ٖ 
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 ثخضذجسثس ثٌُلجءرProficiency testing (PT) 

 (ُِٔؼَٔ)ثخضذجس ثٌُلجءر

Laboratory) proficiency testing:(

(2د٤َُ ث٣٧ضٝ ) ٛٞ ه٤جط ٌُلجءر أدثء ثُٔؼَٔ ٖٓ خلاٍ ثُٔوجسٗجس ثُذ٤ٖ ٓؼ٤ِٔز 

ثُٔوجسٗجس ثُذ٤ٖ ٓؼ٤ِٔزcomparisons:Interlaboratory

ػ٤ِٔز ص٘ظ٤ْ ٝأدثء ٝصو٤٤ْ ثخضذجسثس ػ٠ِ ٗلظ ثُـشك أٝ ٓغ٤ِٚ صضْ كخ ٓؼ٤ِٖٔ أٝ 

.أًغش هذوج ُؾشٝه ٓٞمٞػز ٓغذوج

ٓغ ٓلافظز أٗٚ ك٢ دؼل ثُقــجلاس ٣ٌــٕٞ أفـذ ثُٔؼجَٓ ٛٞ ثُٔؼَٔ ثُز١ ٣ؼط٢ 

   ثُو٤ٔز ثُقو٤و٤ـز ثُٔضلن ػ٤ِٜج ُِـشك أٝ ثُخجف٤ز صقش ثلاخضذجس

assigned value for the test item
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أدوات التحقــق

:ثخضذجسثس ثٌُلجءر د٘ظجّ ثُو٤جط ثُٔوجسٕ  -1

PT Measurement comparison schemes:

٣ضنٖٔ ٛزث ثُ٘ظجّ صٔش٣ش ثُـشك ثُٔشثد ثخضذجسٙ ٖٓ ٓؼَٔ ُِٔؼَٔ ثُضج٢ُ ػ٠ِ ثُضضجدغ 

:ثخضذجسثس ثٌُلجءر د٘ظجّ ثُٔوجسٗجس ثُذ٤ٖ ٓؼ٤ِٔز -2

PT Interlaboratory testing schemes:

٣ضنٖٔ ٛزث ثُ٘ظجّ صٞص٣غ ػؾٞثة٢ ٓضضثٖٓ ُؼ٤٘جس كشػ٤ز ٖٓ ػ٤٘ز ٝثفذر ػ٠ِ ثُٔؼجَٓ 

.ثُٔؾجسًز ُلاخضذجس ثُٔضضثٖٓ
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ثخضذجسثس ثٌُلجءر د٘ظجّ ثُؼ٤٘جس ثُٔؾضأر -3

sample testing schemes:-PT Split

صقش ( ؿجُذج ٓؼ٤ِٖٔ)٣ضنٖٔ ٛزث ثُ٘ظجّ ٓوجسٗز د٤جٗـجس ػــذد فـ٤ــش ٖٓ ثُٔؼجَٓ 

.ثُضو٤٤ْ ًٔؼجَٓ صوذّ خذٓز ثلاخضذجس
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ثخضذجسثس ثٌُلجءر ثُٞفل٤ز -4

PT Qualitative schemes:

صو٤٤ْ أدثء ٓؼَٔ ثخضذجس ٝهذسثصـٚ ػ٠ِ صٞف٤ــق ٝؽــٞد أٝ ًـجةــٖ ٓؼــ٤ــٖ ٓغــَ 

صٞف٤ــق ٗــٞع ث٧عذغضظ أٝ صٞف٤ق ًجةٖ ف٠ ٓغذخ ُِٔشك ُٜٝــزث ٣ٌضغخ 

.ٗظـــجّ ثخضذـجس ثٌُلـجءر ثُقلــــز ثُٞفل٤ـــز

ثخضذجسثس ثٌُلجءر د٘ظجّ ثُو٤ٔز ثُٔؼِٞٓز  -5

value schemes:–PT Known 

صضنٖٔ دؼل ٗظْ ثخضذجسثس ثٌُلجءر إػـذثد أؿشثك ُلاخضذجس رثس ه٤ٔز ٓؼِٞٓز ُِٔو٤ظ 

ٖٝٓ عْ ٣ٌٖٔ صو٤٤ْ هذسر ٓؼَٔ ٓج ػ٠ِ ثخضذجس ؿـشك ٝٓوـجسٗـز ٗضـجةؾـٚ دجُو٤ٔز 

ٛزث ثُ٘ٞع ٖٓ ثخضذجسثس ثٌُلجءر لا٣ضطِخ ثؽضشثى ػذد ًذ٤ش . ثُقو٤ـوـ٤ز ثُٔضلن ػ٤ِٜج

.ٖٓ ثُٔؼجَٓ
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:  ثخضذجسثس ثٌُلجءر د٘ظجّ ثُؼ٤ِٔجس ثُؾضة٤ز -6

process schemes:-PT Partial

صضنٖٔ ٛزٙ ثُ٘ٞػ٤ز ثُخجفز ٖٓ ٗظْ ثخضذجسثس ثٌُلجءر صو٤٤ْ هذسر ثُٔؼجَٓ ػ٠ِ أدثء 

.ؽــضء ٖٓ ثخضـذــجس ؽـجَٓ أٝ ػ٤ِٔز ه٤جط ٤ًِز

:أٓغِز        

 َُٔؼجَٓ ثُض٢ صوــّٞ دضق٤ِــَ ٝصق٣ٞـ

ثُذ٤جٗجس ٝصقذس صوش٣ش دذلا ٖٓ إؽشثء

  ثلاخضذجس أٝ ثُو٤جط ثُلؼ٢ِ.

ُٔؼجَٓ ثُض٢ صؼذ ثُؼ٤٘جس هذوج ُٔٞثفلجس ٓقذدرث.
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صق٤َِ ثُ٘ضــــجةؼ
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الهــدف:

:صٜذف ػ٤ِٔجس صق٤َِ ٝٓوجسٗجس ٗضجةؼ ثُو٤جط إ٠ُ

 ّثُضؼشف ػ٠ِ ٓذٟ دهز ثُو٤جط ك٢ ًَ ٓؼَٔ ٖٓ ثُٔؼجَٓ ثُض٢ ٣ؾِٜٔج ثُ٘ظج

ثُو٢ٓٞ ُِو٤جط خجفز صِي ثُض٢ صطِخ ثػضٔجد ٓؼجِٜٓج ٝصو٤٤ٜٔج د٤ٖ ثُق٤ٖ 

ٝث٥خش

َٓصؼ٤٤ٖ ه٤ٔز عجدش ك٤ض٣جة٢ ٖٓ ٗضجةؼ ٓؾٔٞػز ٖٓ ثُٔؼج

ٟٓوجسٗز ثُو٤ْ ثُٔضٞعطز ُٔؾٔٞػز ٖٓ ثُضؾجسح دو٤ٔز ػ٤جس٣ز أخش

 ٓؼج٣شر ك٢ ٗؾجه ٓؼ٤ٖ / ثلاػضشثف ثُٜٔ٘ؾ٢ دٌلجءر ثُٔؼَٔ ك٢ إؽشثء ثخضذجس  ..

دٔغضٟٞ عوز ٓؼِٖ هذوج ُِٔٞثفلجس . دذسؽز دهز ٓؼشٝكز . ك٢ ٓذٟ ه٤جط ٓقذد 

.٣ظَ ٛٞ ثُٜذف ثُذجسص. ثُذ٤ُٝز 
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الطـــــرق:

 أًغش ثُطشم ؽ٤ٞػج ٝثعضخذثٓج ك٢ ػِْ ثُٔضشُٝٞؽ٤ج ُِٔوجسٗز د٤ٖ ثُ٘ضجةؼ ثُٞثسدر

:ٖٓ ٓؼجَٓ ٓخضِلز ٝهشم ٓخضِلز ُ٘لظ ثُٔو٤ظ

 ثُطش٣وز ث٠ُٝ٧(ANOVA                                                 )

 (ثخضذجس ك٤ؾش ) ثُطش٣وز ثُغج٤ٗز

 (ثخضذجس ثٌُلجءر ) ثُطش٣وز ثُغجُغز

 (ٜٓ٘ؾ٤ز ثلاعضذؼجد ) ثُطش٣وز ثُشثدؼز

 ثُطش٣وز ثُخجٓغز (X-Bar Chart  )

 (ٓخططجس ثُضقٌْ ) ثُطش٣وز ثُغجدعز

 (ثُٔوجسٗز ثُٔذجؽشر ُِ٘ضجةؼ ) ثُطش٣وز ثُغجدؼز.
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ANOVAثُطش٣وز ث٠ُٝ٧  

 (  ثُٔوجعـز)إفذٟ ثُطشم ث٩فقجة٤ز ثُض٢ صٜذف إ٠ُ ٓوجسٗز ًَ ٖٓ ثُ٘ض٤ؾز

أّ  ؿ٤ش .. ٓضٞثكوجٕ ٓؼج ) ٝثُقٌْ ػ٤ِٜٔج َٛ ٛٔج ( ثُؼ٤جس٣ز )ٝ ثُ٘ض٤ؾز 

.دٔؼ٠٘ آخش إعذجس ٓذٟ صؾجدٚ ثُ٘ض٤ؾض٤ٖ ٖٓ ػذٓٚ(  ٓضٞثكو٤ٖ ٓؼج 

 مشٝسر إٔ صٌٕٞ ؽ٤ٔغ ثُ٘ضجةؼ ثُٔغؾِز دجُٔؼَٔ ك٢ ٗلظ ثُظشٝف ثُذ٤ت٤ز

.ٝثُٔؼ٤ِٔز ٝ ثُضؾ٤ٜض٣ز هذس ث٩ٌٓجٕ صؾ٘ذج ُٞؽٞد ٓقجدس ثُخطؤ ثُشص٤خ
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Test-Fإخضذجس ك٤ؾش  –ُطش٣وز ثُغج٤ٗز ث

 صٜذف ثُطش٣وز دؾٌَ أعجع٢ إ٠ُ ٓوجسٗز هش٣وض٤ٖ ُِو٤جط

ث٠ُٝ٧ ثُطش٣وز  صقش ثُضقون ٝ ثُضو٤٤ْ ٝثُغج٤ٗز ثُض٢ . دذؼنٜٔج 

.أؽش٣ش دٔؼَٔ ػ٤جس١ ٓشؽؼ٢ ُضقذ٣ذ ه٤ٔز ٗلظ ثُٔو٤ظ

 ٍثُطش٣وضجٕ ٓضٔجعِضجٕ ُٜٝٔج :. صؾ٤خ ٛزٙ ثُطش٣وز ػ٠ِ ثُغؤث َٛ

ٗلظ ثُذهز؟
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إخضذجس ثٌُلجءر–ثُطش٣وز ثُغجُغز 

 ٝ إؽشثء ثخضذجس ثٌُلجءر ُِٔؼجَٓ  ُضقذ٣ذ ٓذٟ إٌٓج٤ٗز ثػضٔجدٙ ك٢ ه٤ٔز ٓقذدر

ٓوجعز 

 ٝصل٤ذ ٛزٙ ثُطش٣وز ثُٔؼجَٓ ثُض٢ صشؿخ ك٢ ثػضٔجدٛج د٤ُٝج ػ٘ذ ه٤ٔز ٓوجعز ٓؼ٤٘ز أ

ثُٔؼَٔ ثُز١ هذ صْ ثػضٔجدٙ دجُلؼَ ٓغذوج ٌُٖ ٣شثد إؽشثء ٓضجدؼز ُٚ ُِضؤًذ ٖٓ 

.ثعضٔشثس٣ز صقو٤وٚ ُٔذذأ ثلاػضٔجد
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 لاصضطِخ ثُطش٣وز ػ٤ِٔجس إفقجة٤ز ٓؼوذر أٝ سعٞٓجس د٤ج٤ٗز ٝخلاكٚ إٗٔج صضطِخ

:كوو 

 َٔٓؼشكز ثُو٤ٔز ثُٔوجعز ك٢ ًَ ٖٓ ثُٔؼَٔ ثُز١ ٣طِخ ثلاػضٔجد ٝ ثُٔؼ

ثُؼ٤جس١ ثُٔشؽؼ٢ 

ٖٓؼشكز ه٤ٔز ثُلا٣و٤ٖ ثُٔقغٞدز ك٢ ًَ ٖٓ ثُٔؼ٤ِٔ.

 ثعضخذثّ ٓؼجدُز س٣جم٤ز دغ٤طز ٣ضْ دؼذٛج صوش٣ش ٓج إرث ًجٕ ٣ٌٖٔ ثػضٔجد ٛزث

ًٔج ٣ٌٖٔ دؼذٛج ثُقٌْ ػ٠ِ ٗؾجؿ ثخضذجس !! ثُٔؼَٔ ك٢ ٗوطز ثُو٤جط ٛزٙ أّ لا 

ثٌُلجءر ُِو٤ٔز ثُٔوجعز ٖٓ ػذٓٚ
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خطٞثس إؽشثء ثخضذجس ثٌُلجءر

  ٣ضْ صقذ٣ذ ًَ ٖٓ ٓوذثس ثُو٤ٔز ثُٔوجعزRv   ثُلا٣و٤ٖ ك٢ ه٤جعٜج ٝ

URV   دٞفذثس ثُـppm

 ٣وّٞ ثُٔؼَٔ ثُٔطِٞح ػَٔ ثخضذجس ثٌُلجءر ُٚ دئؽشثء ثُو٤جط ػ٘ذ ٗلظ

  LVثُو٤ْ ثُٔقذدر عِلج دجُذشٝصًٍٞٞ ف٤ظ ٣ضْ صؼ٤٤ٖ ٓوذثس ثُو٤ٔز ثُٔوجعز 

ٝ ه٤ٔز ثُلا٣و٤ٖ ك٢ ه٤جعٜج   ULv    دٞفذثس ثُـppm أ٣نج
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 ٣ضْ ثُضو٤٤ــْ ٌُــَ ه٤ٔــز ٓوجعــز دقغــجح ٓج ٣ؼشف دـEn  Ratio     ٙػ٘ذ ٛز

:ثُو٤ٔز ٖٓ ثُؼلاهز ثُضج٤ُز 

En =    LV  - Rv      / √ ULv2  +  URV2 

-  ٣ؾخ إٔ صٌٕٞ ه٤ٔزEn  ٌٖٔثُٔقغٞدز ٖٓ ثُٔؼجدُز أهَ ٖٓ ثُٞثفذ ثُقق٤ـ فض٠ ٣

ػٖ ثُٞثفذ ثُقق٤ـ كغٞف    Enكئرث صثدس ه٤ٔز  .. ثػضٔجد ثُٔؼَٔ ػ٘ذ ٛزٙ ثُو٤ٔز 

٣ِضّ ثعضذؼجد ٛزٙ ثُو٤ٔز ثُٔوجعز ٖٓ ؽذٍٝ ثػضٔجد ثُٔؼَٔ
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(ٜٓ٘ؾ٤ز ثلاعضذؼجد )  -ثُطش٣وز ثُشثدؼز 

 صٜذف ٛزٙ ثُطش٣وز إ٠ُ ثعضذؼجد ثُوشثءر ثُؾجرر ٝثُٔضطشكز أٝ صِي ؽذ٣ذر

..ثُضذجػذ ػٖ دجه٢ ثُوشثءثس ثُٔؤخٞرر ُ٘لظ ثُٔو٤ظ ك٢ ٗلظ ثُظشٝف 

  ػ٘ذ صغؾ٤َ ػذد ًذ٤ش ٖٓ ثُ٘ضجةؼ ػ٘ذ صٌشثس ثُضؾشدز ُٔو٤ظ ٝثفذ ك٢ ٗلظ

ثُظشٝف كوذ صظٜش ٗض٤ؾز أٝ أًغش ٖٓ ٗض٤ؾز ؽذ٣ذر ثُضذجػذ ػٖ دجه٢ ثُ٘ضجةؼ 

 ٣ضْ ٛزث ثلاعضذؼجد دؼذ إؽشثء ػ٤ِٔز إفقجة٤ز ٓؼ٤٘ز ٣ضْ دؼذٛج ثصخجر ثُوشثس

.ثُٔ٘جعخ صؾجٙ ٛزٙ ثُ٘ض٤ؾز
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..خطٞثس ثُطش٣وز 

 ٣ضْ صغؾ٤َ ػذدn   ثُ٘ضجةؼ ػ٠ِ ثُٔو٤ظ ثُٞثفذ ٝك٢ ٗلظ ظشٝف ٖٓ

ثُضؾشدز دق٤ظ لا ٣ٌٕٞ ٛ٘جى ؽي ك٢ إفذٟ ثُ٘ضجةؼ ثُٔؤخٞرر

 هذ صٌٕٞ أفـش ثُ٘ضجةؼ ٢ٛ ؽذ٣ذر ثُضذجػذ ػٖ دجه٢ ثُٔؾٔٞػز ٝ ٓؾٌٞى

 > X1)ٛ٘ج ٗشصخ ثُ٘ضجةؼ صشص٤ذج صقجػذ٣ج ٖٓ ث٧فـش إ٠ُ ث٧ًذش  ..ك٤ٜج 

X2 < X3 >………. > Xn )

 أٝ هذ صٌٕٞ أًذش ثُ٘ضجةؼ ٢ٛ ؽذ٣ذر ثُضذجػذ ػٖ دجه٢ ثُٔؾٔٞػز ٝٓؾٌٞى

 < X1)  ٛ٘ج ٗشصخ ثُ٘ضجةؼ صشص٤ذج ص٘جص٤ُج ٖٓ ث٧ًذش إ٠ُ ث٧فـش    .. ك٤ٜج 

X2 > X3 > ………. > Xn )
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٣وغ ثُٔؤخٞرر ثُ٘ضجةؼ ػذد ٝإٔ ، 2 ثُخطٞر ك٢ ًٔج ث٧ٍٝ ثلافضٔجٍ دقذد أٗ٘ج ٛخ 

 ٝ ُٜج ثُضج٤ُز ثُو٤ٔز ٝ ه٤ٔز أفـش د٤ٖ ثُٔذٟ ه٤ٔز ٗقغخ.. هشثءثس 7 ث٠ُ 3 د٤ٖ

X2 ُضٌٖ – X1 ْثُٔذٟ خلاٍ أ١ ) ه٤ٔز أًذش ٝ ه٤ٔز أفـش د٤ٖ ثُٔذٟ ٗقغخ ع 

Xn ُضٌٖ ٝ ( دجٌُجَٓ – X1

ثُغجدو٤ٖ ثُٔوذثس٣ٖ د٤ٖ ثُ٘غذز ٗقغخ ( r10 ) ٢ِ٣ ًٔج:

r10 = (X2 – X1) / (Xn – X1)

ٕه٤ٔز د٤ٖ ث٥ٕ ٗوجس r10  ثُؾذٍٝ ٖٓ ه٤ٔضٜج ٝد٤ٖ ثُغجدوز ثُؼلاهز ٖٓ ثُٔقغٞدز 

 % 1 ٓؼ٣ٞ٘ز دسؽز ػ٘ذ أٝ ( %95 عوز ٓغضٟٞ ) %5 ٓؼ٣ٞ٘ز دسؽز ٝػ٘ذ

 ثُو٤ٔز ٖٓ أًذش ثُؼلاهز ٖٓ ثُٔقغٞدز ثُو٤ٔز ًجٗش كئرث (%99 عوز ٓغضٟٞ)

ثُ٘ض٤ؾز ٛزٙ ثعضذؼجد ث٧كنَ ٖٓ كئٗٚ دجُؾذٍٝ ثُٔٞؽٞدر
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 Bar Chart–X -ثُطش٣وز ثُخجٓغز 

 ٝ  أعِٞح د٤ج٢ٗ إفقجة٢ ُِقٌْ ػ٠ِ أدثء ثُ٘ضجةؼ ثُٔؤخٞرر دؤٗٚ صقش  ثُغ٤طشر

ثُضقٌْ

صٜذف إ٠ُ ثُقٌْ ػ٠ِ ػ٤ِٔز ه٤جط ٓؼ٤٘ز ٖٓ ف٤ظ ًٜٞٗج صقش ثُضقٌْ ٝثُغ٤طشر.

 ُ٘ض٤ؾز ه٤جط ٓؼ٤ٖ( ٓذٟ ثلاعضوشثس٣ز )ثخضذجس ٓج ٣ؼشف دـ.

 أٓغِز صطذ٤ن ٛزٙ ثُطش٣وز ٓؼج٣شر ؽٜجص ٓشؽؼ٢ أٝ ه٤ٔز ػ٤جس٣ز صضْ دٝس٣ج ٖٓ

ًزُي ٣ٌٖٔ صطذ٤وٜج ػ٠ِ . خلاٍ ٓذٟ ػش٣ل ٖٓ ثُضٖٓ هذ ٣قَ إ٠ُ ػجّ ًجَٓ

ٗض٤ؾز ٓضٞعطز ٓؤخٞرر ٖٓ ػذد ًذ٤ش ٖٓ ثُ٘ضجةؼ دق٤ظ ٣ضٌشس أخز ٛزٙ ثُو٤ٔز 

ثُٔضٞعطز ٓشثس ٝٓشثس خلاٍ كضشر ص٤٘ٓز ه٣ِٞز

٣ؼضذ دٜج ًؼ٘قش أعجع٢ ٖٓ ػ٘جفش هشم ص٤ًٞذ.



131

03.03.2011 Seite 261Seite 261

Control Charts      ٓخططجس ثُضقٌْ–ثُطش٣وز ثُغــجدعــــز 

هش٣وز إفقجة٤ز د٤ج٤ٗز ُنذو ٝص٤ًٞذ فقز ثُو٤جط.

  ٌْأعِٞح صخط٤ط٢ ُِقٌْ ػ٠ِ أدثء ػ٤ِٔجس ثُو٤جط إرث ًجٕ ك٢ فجُز ثُضق

.ٝثُغ٤طشر ث٩فقجة٤ز ٖٓ ػذٓٚ

 ٌْصل٤ذ ك٢ فجلاس ٓوجسٗز ثُضـ٤شثس ثُقجدعز ك٢ ه٤ٔز ػ٤جس٣ز دقذٝد ثُضق

.ثُٔغٔٞؿ دٜج ُٜزٙ ثُو٤ٔز

 ثُذٝس ثُشة٤غ٢ ُٜزٙ ثُٔخططجس ٛٞ فغجح صِي ثُقذٝد ثُض٢ ٣ؾخ إٔ صوغ

خلاُٜج ه٤ٔز ه٤جع٤ز ٓؼ٤٘ز فض٠ ٗقٌْ ػ٤ِٜج أٜٗج ك٢ فجُز ثلاعضوشثس ث٩فقجة٢ 

.ٝ إٔ ثُضـ٤شثس ثُض٢ ٣ٌٖٔ إٔ صقذط دٜج ك٢ ٗطجم ثُٔٞثكوز ٝثُوذٍٞ
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ثُٔوجسٗز ثُٔذجؽشر ُِ٘ضجةؼ–ثُطش٣وز ثُغــجدؼــز 

إؽشثء ٓوجسٗز عش٣ؼز ٝدغ٤طز ُ٘ضجةؼ ثُٔؼجَٓ  صٜذف ثُطش٣وز إ٠ُ

ثُٔؾجسًز ك٢ فِوز ه٤جط ٓـِوز فٍٞ ه٤ٔز ػ٤جس٣ز ٓؼ٤٘ز دق٤ظ 

صؾَٔ ٛزٙ ثُٔوجسٗز ثُغش٣ؼز ٓوجسٗز ًَ ٖٓ ثُو٤ْ ثُٔضٞعطز 

ُِ٘ضجةؼ ًٝزُي ثُلا٣و٤ٖ ثُٔقجفخ ُٜزٙ ثُو٤ٔز ثُٔضٞعطز ٝرُي 

ٖٓ خلاٍ ٓخطو د٤ج٢ٗ دغ٤و
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Validation of analytical 

procedures
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Validation of analytical procedures

Validation is the process of determining of the performance 

characteristics of the method/procedure or process.

Two main types of validation may be distinguished:

 Validation of standard procedures.

 (Accepted by national or international standardization 

organization) 

 Validation of own procedures.

 The in-house validation of methods or procedures by 

individual user-laboratories.
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To specify the performance of procedure, a selection 

of the following basic parameter is determined:

 Trueness (accuracy), bias

 Trueness (accuracy), bias.

 Recovery 

 Sensitivity

 Specify and selectivity

 Working range (including MDL)

 Interference

 Ruggedness or robustness.
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1- Trueness (accuracy), bias:

 To know about a method is whether the results reflect 

the true value for the analyte or property. And if not, 

can the (un) trueness or bias be quantified and possibly 

corrected.

 The direct method is by carrying out replicate 

analyses (n> 10) with the method on a certified 

reference sample with a known content of the 

analyte.
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 The indirect method by comparing the results of 

the method with those of a reference method or 

accepted method) both applied to same sample(s).

 To verify bias is by having (some) samples 

analyzed by another laboratory and by 

participation in inter- laboratory exchange 

programs.



135

03.03.2011 Seite 269Seite 269

2.Precision:

 Replicate analyses performed on a reference 

sample yielding a mean to determine trueness or 

bias.

 Also, yield a standard deviation of the mean as a 

measure for precision. 
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 F- test can be used for the comparison between 

the obtained standard deviation and with the 

standard deviation given for the reference 

sample.

 Numerically, precision is either expressed by the 

absolute value of the standard deviation or, 

more universally, by the relative standard 

deviation (RSD) or coefficient of variation (CV).
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 2.1. Reproducibility:

 The absolute difference between two single test 

results obtained with the same test method on 

identical test material in different laboratories by 

different operators using different equipment will 

exceed the reproducibly limit R in not more than 

5% of the cases.
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 The measure of reproducibility R is the 

standard deviation of these results Standard for 

a not too small number of data )n ≥ 8) R is 

defined by (95% confidence):

R= 2 √ 2 x SR
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 2.2. Repeatability: 

 The absolute difference between two independent 

single test results obtained with the same test 

method identical test material in the same 

laboratory by the by the same operator using the 

same apparatus within the shortest time interval 

will exceed the repeatability limit (r) in not more 

than 5% of the cases.
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 The measure for the repeatability r is the standard 

deviation of the results Sr, and for a not too small 

number of data )n ≥ 10) R is defined by (95% 

confidence):

r= 2 √ 2 x Sr
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3. Sensitivity:

 This a measure for the response y of the instrument or of a 

whole method to the concentration C of the analyte or 

property, e.g. the slope of the analytical calibration graphs.

 The sensitivity of the analyte in the final sample extract 

may not necessary to equal to the sensitivity for the analyte

in simple standard solution.

 Matrix effects may cause improper calibration of the 

measuring step of the analytical method
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 The sensitivity may not to be constant over a long 

range. It usually decreases at higher 

concentrations by saturation of the signal. This 

limits are the working range .
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4. Working range:

Determine the upper limit of the working range (the 

lower limit of a working range corresponds with 

the Method Detection Limit).
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 To determine the measuring range of solutions the 

following procedure can be applied:

 Prepare a standard solution of the analyte in the relevant 

matrix (e.g. extractant) at concentration beyond the 

highest expected concentration.

 Measure this solution and determine the instrument 

response.
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 Plot the response (Absorbance) vs. the concentration.

 Estimate the useful part of the response graph.

 (If the dilution steps are too large to obtain reliable 

graph,   they need to be reduced, e.g. 5x). 

 Dilute this standard solution 10x with the matrix 

solution and measure again.

 Repeat dilution and measuring until the instrument 

gives no response.
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5. Recovery:

 To determine the effectiveness of the a method 

and also of the working range.

 Recovery can be defined as the fraction of the 

analyte determined after addition of a known 

amount of the analyte to sample.
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  Control samples are most commonly used for spiking.

 The sample as well as spikes are analyzed at least 10 times, 

the results averaged and the relative standard deviation (RSD 

calculated.

 The concentration level of the spikes depend on the purpose:

•The level(s) will largely correspond with those of the test 

samples (recoveries at different levels may differ): A 

concentration midway the working range is a convenient 

choice.

•For the determination of a working range a wide range may 

be necessary, at least to start with.
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 Control chart:

Introduction:

An internal system for quality control is needed to 

ensure that valid data continue to be produced.

This implies that systematic checks, .g. per day or per 

batch, must show that the test results remain 

reproducible and that the methodology is actually 

measuring the analyte each sample.
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1. Control chart of the mean for the control of bias.

2. Control chart of the range of Duplicates for the control of

precision.

1. Control Chart of the Mean (Mean Chart):

1.1. Principle:

In each batch of test samples at least one conhtrol

sample is analyzed.

The results is plotted on the control chart of thre

attribute and the control sample concerned

Types of control charts:
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This chart shows the (assumed ) relation with the 

normal distribution of the data around the mean.

The basic assumption is that when a control result 

falls within a distance of (2 s)  from the mean, the 

system was under control and the results of the 

batch as a whole can be accepted.

Control Chart of the Mean (Mean Chart):
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A control result beyond the distance of (2 s) from the 

mean (the warning limit) signals that may be wrong or 

tends to go wrong.
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While a control result beyond 3 S (the Control Limit or 

Action limit) indicates that the system was statistically out 

of control and the results have to be rejected: The  batch 

has to be rejected sorting out what went wrong and after 

correcting the system.

  Control charts can be used for quite a number of other 

types of data that need to be controlled on a regular basis, 

e.g blanks, recoveries, standard deviations, instrument 

response.



 


