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A Juadl

olsall e B ALERN cyilaal) yyas
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Sl lise 4 aladdl ol andiid saae (o h cllia o

lia g A ) Julail 5l elligh s gllaall A8l 5 Apudall Lot A )l lsal o4y @
BogaY) aladiuly 5,k

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

e Inductively coupled plasma emission techniques —(w Ji il o )
0.01 (A sl s S

e Flame Photometry aliad Al <ol 30 i) sl Jiad) Al Jany
Al s oY) de sanall

e Anodic stripping

e Colorimetric methods

Definition of terms: <lalhaal) ciy

Dissolved metals: 4l aliall

s i elad A a3 o Sy il 5 imalalls Alalaa i) disall 8 Al alial)
g Sl
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Suspended metals: 4dlaall yaliall

g yillslg A a3 Y 5 paalally Alalae yuall diall 8 dslaall jualiall Ly iy
(Fies Sl )elial) e aad Ly

Total metals: ¢dlaall £ gana

S i g sane sl gl dalae ey Aal) 352 53 gall (alaall S i Lgn 2ally
Lo oy 5 il 25001 okl

Acid- extractable metals: (aelall LwaMaiu) (Say Al jalinl)

AL aaal) Jlaas Leiallaa sa il b (palaall 3 53

B) Sampling and Sample preservation:  <limll Jida g 3 4Ll

o g 1A s 5 g (5Al) g Allas o) pall ¢ jall dae o3 e dlaxll (2B @
g ol gy Gaelally i) dadlas Sy
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Sample containers: daddliecal) s oY)

Lo W) aladind (Ko S TEF 3ake sl 3,1 S0 e de suadl e oY) Jiadl o
s s3lspolypropylene or linear polyethylene (s dc siadll 4S50
( polyethylene cap) Galdl (sl 3ala (10 de gimn dhaely (i) J o) ol Cpalass

borosilicate GlSh g gall (e Ao giaall Apala ) Ape oY) aladin) (Sa LS o
glass containers

(UQ/L) <3S yh Aiana il gl e &) siaY soft glass pladiv) (m y3sy @
ol il Al (3 5 GlIX g Aandiiiall e W) Calali o) 0 e

Sample preservation: <lisl) Jis dlee

DS all el il omea (e dpeS Adlialy @l 53 pilie WadA] any cliell i 5y @
2 e B pmdall o gl maay o )

Ul 4 sale g Ladaal) dolee U8 L) a5 2y ¢ 400 jualiall 80 o
(1.5 ml of HNO3/L sample) or (3 ml 1 + HNO3 /L sample)
5y 5 i) Aigell Jadad RIS ) 55 4 530

CAlle BlaiAa )3 93 38 e padla aladiul gy e

paall (8 yaal) el AaDBIL 4 e da )3 43 )] pa da jo die Gl Lada oy @

Gl Ala i laele -For mg/kg levels el 6 sad dally Llsia) Sy @
.(For ug/kg levels) dall 8 duall Jilad Cand aniliad 5 30l Ledaia (Sah

L5 e 0 Al Bis TS

8 pasa) (2 ml of 20% K,Cr,0; / L of sample ) 4Ll dill Lains o
((Slinll pmes 141 A
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s dale cillaliia

hel  mad il b deiieal 4uie Y- Cliged) hial dadiudll e Y o
(Cd, Zn) Jia Gabaall Gians &gl Haiaa () 65 Lay )y ASiadll) i)

Addas @l gal aladial A (e @lld g sl glall e aldl) 488 -2

) g% Jaadd dagial) 45y 0l o

Ol (e (A Jae Jslaay @l V) Jang a0
paalall 8 adiy g eladl caladll sy 3 o
il sl Gl 2 o

TEF glass materials ) JsSl ¢ de giaall Lala 3l <ol oY) S dih o

e Use (1+ 1 HNO3y) , (1+1 HCI) or aqua regia (3 parts conc. HCI
+ 3 conc. HNOs)

sl ) ga¥) Jad A8y )k o

e Use 1+1 HNO; or 1+1 HCI

Agsieda 070 die Aol 24 50l <l oY) pdi oy @

43 gala

Blel je ae @l g SI e (8 oY) adi A gl sl g 51 (e palill @
A il sV ae @l s S Gaea aladiyf axe

.l A 5 3ie sla aladiv) oy @
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S Jaadll
Slaall el Jalal

Analytical Procedures for metals analysis

Preliminary treatment of samples il 4 ¢¥) dlataal) (I

o)yl J A g) Alalae ) 4 pume 3 se 5 iy S e (o giad A il Alalas oy @
Ol ¢ sana sl spectroscopic analysis s sSe s siSan) Jilaill dlee
(A3 uad) 5 AN A gae pal) alaall g 4 paal) alaall Jali)

23l el et (5535 e () Blle) danal sll 5 0 slll e Clinall GalB a1y @
Al ama 50 (Al & sena

el Tl sy i (15 MIHNO; / 1L ) Ailaal oy i) sani dic o
B _pblae Adpal) Jalati oy s 9 2 (e B
:(dissolved metals ) 4xildl) gaaal) paiil =
,kwasggd\Gﬂkémﬂgiiﬁa§gjcﬁtjhg\uamd\;&gqeilgd\c+;ﬁég

. (suspended metals ) 413 jad) Gaal) paiil =

Loz A8l Balall 5 e A1 A8 ) 5 andad oy 3 Aigall s S5 o

acid- extractable ) aaall Leadaia) (e Al Galaall pa83 w
:(metals

2l U il iy Galaall Gadladial 2y

(Treatment for acid — el Lpadiia) oSas Al ilaall dda laa  m
extractable metals)

Al pas e diall e il STl il adlas (e e 5 ddlzl S
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pAdal) julai e

+1 e 5 caliay o3 350 o LS L dial) e e 100 Ji
Bl e 58 5all el 55 nell paes e 1

oo alas A48y 15 80 oAl o3y m

e 100 (M paall JaSy 8 Ha1 (5 Jume G0 (M el N Jii o5y
o) e Al ¢l

A aaall s S5 Al e 100 e ST Al aaa (IS 13 3L ale
S AN el aaiat o g Al Jilas 4 5 0.1 mi / weight <8
(100\ el anall) Casail) Jalra 8 o pually gl
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Digestion of metals ¢ilaal) aad (@

e W (interferences)  Jalaill e Jalsill dnilic acan 45 )l jlidl oy @
JWSEI (e DS 0 5831 il adly A sl Galaall Jy sl 5 4 gucand) o) sall 292
s abaia¥) Sleas Leuld oSy Al (free metal sl gaxall sale ) (el
JICP Jles

: Selection of acids gakealy) JLid) -1

a3ke matrix <l il oSl elll g cliall alara aas (8 el jiill el 2235 @
ACP — MS &3ea) 5 s 3 (abaia¥) s jeal Je cjaall

alea) Jie aagl dilee alaiy (5 Al (aleal diliza) ) Cligell (any zlisd o
AN Eand Ley ) palead) el (K15 (H,S0,- HCI- HF- HCIO,)
poorer matrix) ) 225 L) Cus paliall (mey JilsS Sie interferences
ACP — MS 3ea) 5 s (abaia¥) s jeal  Jo Judasll

32uSY U Clial) aiag] anagll ddae 330 i Bale oly il (aes a2 @
vie @l yinll (e (el ) 6lS 5 haell e ol el HSl e dil) L5y
s readily oxidizable organic matter S ALl 4 zaell 3 sall aizar
aie ey il e (el )l g puell o el ) sl ) asla ddlal o Lt
Al e s gt ) Galaall gl 528N dia 4 gaanll ol gall aian
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Digestion procedures aagd (§sh -2

Hot plate techniques ¢ibwl) ghiwal) aladiuls aagl) o
(Closed vessel procedure) «iggSsall aladiuly aagl) o

Lial) audad 8 asdiicial) (3,94 Ao e ST Adal) (e 338G d gall anall (IS 1Y) @

Jana s oy 431 (AL 100 Cra S ) adagd) Ales U Adal) 3 5 a3 13 @
Ay ) daa (e (3Easll Alld g daian oy matix S gl i)
a2 tall meall A€ G ol ) LalS Aall) ana Sla 3 LS ; ddasals m
impurities < sl 334 5 A (525 Lea

Estimated metal concentration Sample volume (ml)
»aiad) 585 (mg/L) Aall paa

<0.1 1000

0.1- 10 100

10- 1000 10

*For flame atomic absorption spectrometry
metal concentration (il js 5) =A* B/C

A= concentration of metal in digested soln (mg/kg) Jstaall b dial) 3 i
pyagal)

B = final volume of digested solution, ml, and as<agall Jstaall lgdll aaal)

C=sample size, ml 4iall a3a
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Standard Method 3030 E

(Nitric acid digestion &b yidlll paala aladiuly agl) |1

Digestion for flame atomic absorption and high — level
concentrations

Aotlal) <l 5a8 AN a8l Cagll) Bas g3 a9 3l (M (aluaial) lea aladiuly paEdl)

Apparatus :desdiual 3 362y o

Hot plate als mhus o

e 150 Zaas G xS ) (Mo 125 Zs Jas 2a (350 @
e 150 ml conical flasks (erelenmeyer) 125 ml or Griffin

beakers

Y e 5 iall eladly Caladin o5 adlally Lelue &5y
(sl 100 4o s e 350 @
watch glasses, ribbed and unribbed 4clu Glals ) o

- Reagent &) ¢l

(analytical grade or trace  4dlle 358 da j0 53 38 sall b jinll (adls @
metals grade)

148y lal)

5 iy o (lS 5l 358 ) (Gaekally darall ) diall (30 Mae 100 Jity o
S el ey i) adla (e (Al

da d ety gl e selad aala ) Hoa o) Gllall Gl pas oy @
_EJ\J;“

(e 20 10 e Mon ) (San s S8 A dial) jasiohy @
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O S Aal) pmn QLY S el il Gmala (e AT S dila) Sy @
Ly O sl ld Al J slae sy

I3 1Y Al e s el elally de bl ala 35 (35l ol yaa Calad iy @

(Ll e e B e e llia 100 o 5 e 50 ) ) i o
kil

s 2 s Aedlall ) sl Qe 3 2yl Jolaall 53 o
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2. Determination for trace — level (<0.1 mag/l) concentrations for
ICP and ICP-MS

Apparatus : desiicall 5 3¢aY) e

Block heater, dry, 80 all da s 2 aSaidan g 3g3a 2 gS QB o
with temperature control

slally cihadl o8 (aalally et ) A jda Gl (o) o il o
(Shaial)

Polypropylene tubes, graduated, rounded, round- bottom tubes with
caps 17x100 mm.

e Pipetters, assorted sizes or adjustable
e Pipette tips

e Centrifuge G S el 3kl lea

- Reagent &) sl

.(double distilled ) <l sl jadls o
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;A8 )
.etﬁi“’d}iv‘:‘j 2 N HNO; s ke d)&@&_\uh‘ﬁ\@.ﬁo
Ay (el daias o5 Caadl & i () Juady el cladly il S e

Iml1+1 5 5mlof HNOz—baays i s ) dial) e M 10 Jily e
(ml HNO5)

353l A8 e e IS Al Jlal 5 U 5 liaal) (0 DS )

5 a dajd die 5l yall sy Jawai s block heater clawd) & canbY) aia s

Ot L 3aad Giligal) aan ale

O ) Al aan LY Sl el i) (mdda (g AT ApaS Ailal (Sar e
Sy (sl il Al J slae iy

sz ars dadlad) 1 asal) Je o3 2 i) & e
Aigals

k) lea aading 4l Gl e e (s sind i culK 1) o
AT Al a8l 8 o g cand 5 1) Jaadl (5 38 5l

:\..IJ:LA:\.;JJZ]. 3)\);1;)33&@;%}33\@\6&‘\% °
A3l a3 ¢
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Standard Method (3030 F)

Nitric acid hydrochloric acid digestion <l sS g ja¢dl 9 ¢ Sl (aala aladiuly adagl) 3

:Apparatus : dssiicall 5 5¢2Y) o

‘;‘1\4 ELQA u

- Reagent <&l ssl)

Adle B glai da ja 93 38 pal) il (aala o
(1HD) hsls g gl paala o

L+ Al Qe o
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;A8 )
A) o Total HNO3/ HCI sl g gl paaa el A4l (aea ()

3 il LS 5l 38 ) (Gaelall Aldaall ) duall e e 100 Jiis o
Aclull dala 3 chardy S jall el il (asls (e Al

e 5 e BBl (Al jas oy s CAld) ol e @)l punsy @

&5 hiall elall (e 4peS Jil Ao bl Al 5 Gl Ol by diall 35 @
Jiy Ao Ll dala 5o 3 sall (axg & 38 el dly il Gaes e (Ale 5 il
oAl da pa b g s calull mhaal () 55405

el lae oLy (malal (o BpaS Ailin) ey el e jains @

100 JS! hid) slall e (e 15 5 (14 1 HCI ) e sllie 10 3} ai @
S5l gl paal e

Ll s ) Y 6 ,aT 4888 15 J il Alee ety e

VIS 5 e 100 Ares (s ke G50 G Sl Ji 5 Jlaall mi o
hiall elally Aadal)
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B) Recoverable HNO3/ HCI:

2 mlof .LlS ) 558 ) (Gradladl dldaal) ) ) e M 100 Jib @
Jelull dsls 5y a5 10 ml of (1+1 HCI) s (1+1 HNO3)

E\M\*dﬁéém\ewg}\@N\W\M@M\@g °
il 25

3 s RSl ) pmal e 5 e (359 () oo il Jii o

iy pSl phaes — dly Bl phaas aladiuly adagl) 43 b (7

Standard Method 3030 G

G) Nitric acid — Sulfuric acid digestion

148y lal)

5 il o GulS o) 358 I (Caelall dldbaall ) Ll (g0 e 100 Jii @
Al dals 3y sty 385l ol il nals e e

S5 e 20- a5 I Aual i s AL lansdl e (35l aas o

ity 8l (anls e e 100 5SSl b il aals e (e 5 il @
: S Al

S0; ebandl 5_aV) aeliati s diall a5 5 o
Al 5 ISV ey ) e e lle 10 i) S5y @

g i alall aidll dlaud 5 Lilgd @l i) (aes e paldll iy 0
Al 3 A0 e WA 5 331 Jlaall

e 50 G pnall JeSy s diall 355
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130 Al e 5 s ol s Ay 7S A3Y el a3 ) Jsladl) i @

slall o M 5 i e e (Ale 100 das (5 sbime G50 ) il Jisy o
kil

sz s Redlall ) el Qe 3 2y Jolaall 5 o
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&l Y1 Juaadl

Cdtaal) (il o jeal

s galaliayl Slga -1

sdaia

Analytical method for determination of elements.  _aliall Jilail 45, Hla

It bases on the ability of free atoms to absorb electromagnetic
irradiation.  ubline s SN g ladY) (alaial 5 all ol a5 )08 Lo e

The sample solution is to be atomized. Al J slae cadyy

The atoms of the element to be determined are excited with light and
heat BJ\A‘}GMQB%&J\JAMJm:\d‘&“_}\‘).bs‘)u;‘#

The light absorption occurred in the sample (solution) is measured.
Al Jglae 8 il o guall a8 (il 21

The absorption spectra of atoms are so called line spectra (the
irradiation energy appears as very narrow lines).

(12n Apn o 5had€ g LaiY) Al elai ) Jaal) Cadall Al pabiaial) Cinla Cayad

The wavelengths used in AAS are the near-UV and the visible areas of
spectra: about 190 nm —» 800 nm.

Zaiy) Ailaie e Ay 8 (5 aliaiel) jlea o deddiedl GLLYI S5 @
a5l 800 I isa 51 190 (Ysa ¢ A pal) Ailaial) 5 Tl 58
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e Atoms and ions can absorb only light which has a certain
frequency.

o It is, they absorb light quantum of certain size, which is
specific to the atom.

a.J.AMu)S.JU:\a.AeMM;}AMwéuawg\&_\\‘)ﬂ\j&hﬁy\w )
RBLIEN

e  That's why the light source used in the measurements is the
emission source of the element to be determined.

el peaiall Eilasil jaean bl 8 sl el ad) ()5 12

-

RIPERLY

e  AAS-apparatus measures the amount of absorption and this is
directly proportional to the free atoms which are in way of the light
beam.

A e ke ot 3l 5 (aleaia¥) A0S (5N palaial) lea Gl @
sl pladll e 8 055 )5 al)

o 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.

Dbl i)y ol bt e glae e Ao Jglaal Labiaia¥] & jias @
Al Jglae b eaiall 385 Slo Jsmanll (S | (sl i Cint) Faudldl)
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Different AAS- techniques used:

A. Flame technique : gLl A4S

e |t converts the sample solution into an atomic vapour and then
thermally elevates the atoms to an excited state.

Al el padl A o saly Ol AN J85 Mis g (550 Sl N Aall Jslaa Jsa @
3)\3}1\

These atoms return to the ground state they emit light, which
detected by the instruments

eﬁg«c-}miun.\l'l.y\.ﬂ)\‘)shy“d\.;uj\Lg‘);\'&‘).odj:ﬁ&_i\‘)ﬂ\'é.\%Jj:.SLAJ.u: °
Dbl Ao 508 o

The intensity of light is related to the concentration of the elements
in the solution.

dM\éMﬂ\)ﬁﬁ};M\aMwaﬂkcﬂm ®

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

el 1 8S Jas 51131 (D2-lamp) Aslal manane alail 2 Lay

The measurements must be done within the linear scale.

oAl Uaall 8 4a8) g chlubdll oS5 gl sy @

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

el (ads 83 pane Al sl dpuldll Qi) eSS oS ol oy @

you may choose different wavelength (owing different sensitivity)
according to the concentration of the sample
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S o (Riie A, o) Adlia i 3a )l e Agall (g a0
i)

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

Nitrous oxide ( N,O-acetylene flame about 2600 °C, used for
difficult atomizing elements like Sn, Al, Ba

TR

B. Non flame techniques: ol & AR

a. Graphite furnace technique :<ublall ¢ % A8

About 100 times as sensitive as flame technique but
leads to risk of contamination.

b Adlaia) llia (8155 30 100 Gaelll A58 (g Apulisn ST o
Atomization with heating electrically.

e 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.

O35S 8 ) a Aa o (G (256 LS Dl sebs Cpdedly Cudl pall Dl glasd (pai oty o
Jstaall e il el 34

e The current is then increased so that firstly the sample is ashed
and then it is vaporized and the metal atoms are produced.

I A dmiial i (M dsady i dle ) (A Al Jsai (S Ll aahy ol @

Background correction necessary (D2 ,Zeeman).
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(D2, Zeeman) 4lall maiac aladinl iy @

e  Matrix modifiers and platform are used to eliminate interferences
caused by matrices.

aastll wialall e oLadll Matrix modifiers and platform aladiul sy @
matrices (=

e 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.

"Cross curve o Lo 3 La) (S g anlia 5 ) g el JUEA oy @
LSJJM?L.»S.I\)I\ d&f}ﬂé&)ﬂ‘ :—‘L JAB‘)“)A:&.AJJ(; ,!\ yanials g

(a3 AW i Ad8Cold vapour technigue (for Ha): .B

Hydride generation method: e

e 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 (II1) to an acidified solution. Other
systems have used titanium (I11) chloride/magnesium powder and
tin (1) chloride/potassium iodide/zinc powder as reducing agents.

cabaia¥) Slea daul 5 Lellad Call e (Al (A, Se, Sh)  saliall didas o4
0585 Ladie Aald ) jualiall 338 LS jo JI A Caay Sum gl B 53 35 3all (5,
5 ma  CLS all s3a gt Ly A, A 3l Al U (e auS) s

2 A «J e JalaS sodium borohydride  alasiuls @lld gz Uil &y sl
) 50 50 Dl (2 ned) dadi Ll S dadi jall 3 ) jall Gl 0 2ie 5 e
Byl
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e Sodium tetrahydroborate (Il1) is the preferred method because it
gives faster hydride formation, higher conversion efficiency, lower
blank levels and is more simple to use.

J8 5 2 Hna ¢l (5 AY Sodium tetrahydroborate (1) aladiv) Jads o
Jlazin¥) e s SO0 il gl

e The principle of the hydride generation method is shown as follows
using selenium as an example:

« Se" (Ag) + BH, (ag) + H' — Hz Se (g) 1+ H 2 (g)1 + Hs BOs
e HySe(g) — Se(g) +H(g)
e Mercury is reduced to the atomic form in a similar manner.

e 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.

sall luall 833 sall gtomizer AL N e Byl (nSSaxs e
s FSaull

e 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.

~osa0) oaliial el T-cell J) opaeiil gl alasind o ey ¢ i) I Al (8 o
Gl e el Jarin¥ LdS s pdd —  Cpag i Cpag )l g8 Ca g s
T- cell ol Cpasoan /syl sl 5 aliis¥) /5 9 5iill s
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(Lamps for AAS) 3 gabaiay) jga B dasiical) cilialll £ g

:Hollow cathode lamp (HCL) 43 saal) 3 gils!) daal

e Suitable for most elements (discharge lamp)
(A& Jie 4l ) jualiall aamal dolia
e The cathode is made about the element to be determined.
335 3 jall paiall (e g giias 3 S
e For certain elements short-lived because of the volatilizing
(e.9. As, Se). —  esaibidl Jie) paill cany jualiall (andd jaall s juad
(&N

o<l 4eaxs ) Cheapness. o

Electrodeless discharge lamp (EDL):

Longer durability for most o
elements.

nalinll alanal 3 5 J bl

Greater sensitivity and stability.

O il g dlia jST @

Need their own power supply.

e pala il aae ) lias

4lExpensive.
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Hollow Cathode Lamps

e Hollow cathode lamps are the most widely used radiation
sources in the AA technique.

A abaial) 4 3 Lladind SS) pladd jaae e

e 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.

A el paiall (e Lal 2SS aiia a3y 2SS 5263 g dnala H A gl e ST @
A eslay sl Al

e The anode is in the form of a thick wire and usually made of
tungsten, nickel, tantalum, or zirconium.

cdS,).ﬂ\cuﬁumﬂ\w&jmaﬂ.cjuﬂwaﬂhﬁjjm@dy‘}“u)& °

e The glass tube is first evacuated and then filled with an inert gas
(argon or neon).

(O35l Osm) ) el iy e Lai 3 Yl Loala S 4 oI § 5 o
e The pressure of the inert gas is about 0.5 to 1.3 kPa.
(0.5t01.3kPa ) s Alss Jaladl jlall lara ) oS5

Octal base plug Supports Mica shields Graded seal
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Connecting pins

------------------

Anode Glass envelope UV glass window

Aadiial) Ay guanl) b pliasl)

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.

28 (5 93 ae il Adle 3 ) a Aa py aladind matrix modifier alaaiul (S e

-35-

wainll (i)



WWM-gtz aall G pall g slbsall o 1) gl Aadiiall Ay ganll y eliax!)

The idea in using matrix modifiers is: e

1) The volatilization of the element to be determined decreases and
the great part of the matrix disappears.

) matrix e xS e a (e gl o5 a8 ) jall patall jdd dplee JIG

2) The volatilization of the matrix increases and the disturbing
compounds eliminate before the atomization of the element to be
determined.

J s sabomatrix ol aluaiVl dlee J8 Adalxiall LS jall e palddll S g
52285 3 jall el

EXAMPLES

- As volatilizes at 200 °C, Ni is added —> Ni-arsenid decomposes >
1200 °C —> the ashing temperature may raised to 1200 °C

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

Pb and Cd measurements, add NH4H2P04 -> NH4CI
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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 EO 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-EO
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= The energy required for this transition can be supplied by a
photon of light with an energy given by:

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

This corresponds to a wavelength (A) of (L) = 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.

= |f light of sufficiency narrow wavelength rage, centered on Hc /
E1 - EO 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.

Hollow cylinder cathode coated
with element same s anae

¢

Transparent window
slica):

M‘F

9 b 3

+”7

Tungsten ‘He or Arat low
wire anode pressure (1-2mm)

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.
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Specific light measurement - Includes several components: .3

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) Elame 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 ( N20-acetylene flame about 2600 °C

Used for difficult atomizing elements like Sn, Al, Ba
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UV Lamp

[V Detector

Burner Head Assembly
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Nebulizer and Flame

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 HQ):

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 (Ill) to an acidified
solution. Other systems have wused titanium (I1I)
chloride/magnesium powder and tin (1)
chloride/potassium iodide/zinc powder as reducing agents.

= Sodium tetrahydroborate (IIl) 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:

= Sed+ (Aq) + BH4- (aq) + H+ - H2Se () T+ H2 (2)T +
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 (GFE-

AAS

Introduction:

Principles:

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

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.

I1. 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.

I11. Tube with platform: (L'vov's platform)

= Temperature more stable
= The speed of heating is great (for platform)
= |tis 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

e 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

e Theidea 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 Cl-concentration in the sample solution —>
disturbances in

Pb and Cd measurements, add NH4H2P04 -> NHA4CI
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Interferences:

Spectral interference:

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.
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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 :

e In this case, a separate source a deuterium lamp with broad
emission is used to measure the background emission.

e The use of a separate lamp makes this method the least
accurate, but its relative simplicity

e The fact that it is the oldest of the three, makes it the most
commonly used method

2. Non-spectral interference (Matrix effect):

e Non-spectral interference arises when components of the
sample matrix alter the wvaporization behaviour of the
particles that contains the analyte.
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e To compensate for this kind of interference, method of
standard addition can be used.

e Enhanced matrix removal by matrix modification or the use
of a L"vov platform may also lead to a reduction of non-
spectral interferences.

-53-



WWM-gtz aall G pall g slbsall o 1) gl Aadiiall Ay ganll y eliax!)

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 150C 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.

ii. 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.

1i. 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 oCl/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.

lii. 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
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.

1, | slit | Drying | Pyrolysis | Atomization | Chemical | Pyrolysis | Atomization
nm temp temp temp modifier temp. temp.
As | 193.7 | 0.7 120 500 2300 | Pd(NO,)," 1300 2300
Mg(NO,),
Cd | 228.8 | 0.7 120 350 1800
Cr | 357.9 | 0.7 120 1350 2660 | Mg(NO,), 1650 2500
Cu | 324.7 | 0.7 120 900 2600
Pb | 217.0 | 0.7 120 550 2000 | (NH,),PO, 700 1800
or
La(NO,),
Ni | 232.0 | 0.2 120 1200 2600
Zn | 213.9 | 0.7 120 350 1800 | Mg(NO,), 700 1800
Sequence of analysis
a) Start the analysis with an “empty tube” run.
b) If a significant signal is obtained, a cleaning step (26500C, 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.

1) 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 techniqgue with analyte
determinations in the mg I-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.

lonization:

a) lonization 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.
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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) lonisation 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:

e 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.

e The wavelength range must be 190-800 nm.

Calibration standards:

e Calibration standards are prepared by single or multiple
dilutions of the stock metal solution.

e 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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e The calibration standards must contain the same acid
concentration as will result in the samples following
processing.

e For precipitation samples, that would be 1% (v/v) HNO3
and for suspended particulate matter10% (v/v) HNOS3.

e 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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1) 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.

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

e Aspirate calibration blank and establish a blank level

e Adpirate calibration blank and standard solutions and
construct a calibration curve.

e 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.

e Distilled water should be aspirated after each standard and
sample.

e A quality control standard should be analysed to verify the
calibration.

e A calibration blank should be analysed to check for
memory effects.

e Aspirate unknown samples.

e Aspirate a quality control standard for every 10th sample to
check for drift.

e 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

e Hydride generation — elements which form gaseous
hydrides: Sh, As, Bi, Se, Te, Sn - HGAAS

e Hg - Cold Vapour, CVAAS

e Acidified sample solution is reacted with NaBH4
producing the analyte hydride, which is carried on a
stream of argon carrier gas to the atomizer

e The hydride decomposes in the atomizer  to the
elemental form and can be measured

e 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.

e 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.

e 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

e 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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Hvdride V’s Flame

Reasons for poor flame sensitivity for hydride group elements:

1.

2.

3.

4.

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.

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.

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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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. Itis 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)

b)

c)

d)

f)

9)

h)

)

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.

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 HCI for ~10 mins

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

usually achieved using either Potassium lodide or L-
Cysteine

Mercury requires no special prereduction sample
preparation,

But the actual reduction of mercury can take place through
two reaction mechanisms:

Sodium Borohydride (NaBH4)

Stannous Chloride (SnCI2)
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Inductively coupled plasma (ICP)

e 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:

e 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.

e 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.

e Plasma temperatures can range between 6 000 K and 10 000 K,
comparable to the surface of the sun.
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e |ICP discharges are of relatively high electron density, on the
order of 10" cm™.

e As aresult, ICP discharges have wide applications where a high
density plasma is necessary.

e 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:

» |CP-AES, a type of atomic emission spectrometry
= [CP-MS, a type of mass spectrometry.

= |CP-RIE, a type of 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.
e The ICP torch consists of 3 concentric quartz glass tubes.

e A water cooled coil of a radio frequency (RF) generator which
surrounds part of the torch.

e Argon gas is typically used to create the plasma.

e When the torch is turned on, an intense magnetic field from the
radio frequency (RF) generator is turned on.

e The argon gas flowing through is ignited with a Tesla unit
(typically a copper strip on the outside of the tube).

e The argon gas is ionized in this field and flows in a particular
rotationally symmetrically pattern towards the magnetic field of
the RF coil.
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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.
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Practical part:

1.

Calibration of the instruments and preparation of standard
solutions.

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)

Determination of 4 heavy (e.g. Cd, Pb, Cr, Zn) in drinking
water by Electrothermal Atomic Absorption method
(standard method 3113B)

Determination of 2 heavy metals (e.g. Hg , Sn) in
drinking water by Cold Vapour Atomic Absorption
(standard method 3112 B)

Multiple determination of at least 10 element by ICP
standard method 3120 B)
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Standard Solutions : Al Jallaal)
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% RSD= (SD;-SD;) x100/ SD average
:Detection Limit (DL): g8 as s

The DL for ech metal is calculated as DL= 3 x standard deviation of
the mean of the blank determinations (n > 20).
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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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Validation of analytical method

:Validation il
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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:

AlTuminum Magnesium
Antimony** Manganese
Arsenic* MoTybdenum
Barium Nickel
Beryllium Potassium
Cadmium Selenium*
Calcium Silver
Chromium Sodium
Cobalt ThalTium
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.

2.7 Dissolved metals - The sample is filtered through a 0.45-uym 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.
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. ATl
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 to
determine Tevel 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 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A11 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).

6.3.2 Dissolved metals - All samples must be filtered through a
0.45-um filter and then acidified at the time of collection with HNO,
(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; and
5 mL of concentrated HC1. 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.

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,.

7.4 Adjust the final volume to 100 mL with reagent water.

8.0 QUALITY CONTROL

8.1 A1T 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 Toad 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 3005A
ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR
DISSOLVED METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY
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METHOD 3015

MICROWAVE ASSISTED ACID DIGESTION OF AQUEQUS
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 1in 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:

AlTuminum Lead
Antimony Magnesium
Arsenic* Manganese
Barium MoTybdenum
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 Toss of analytes and/or sample, which

CD-ROM 3015 - 1 Revision 0
September 1994



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

CD-ROM

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 1is corrosion resistant and
well ventilated.

4.1.3 A1l 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 Taboratory
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 1in individual Tlaboratories. These
specific suggestions are beyond the scope of this method and
require the analyst to consult the specific equipment manual,
manufacturer and Titerature 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 Tessening 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 Tess 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 to
determine levels of impurities. If the method blank is Tess than the MDL, the
acid can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l 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;.
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7.0 PROCEDURE

CD-ROM

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 s
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 1in 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 (Z2-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 °C). 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 1is not recommended). The 1dnitial
temperature of the water should be 23 £ 2 °C measured to £ 0.05 °C. 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 1is 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 °C. 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 °C. Three measurements at each power setting
should be made.

The absorbed power is determined by the following relationship

P = (K) (C,) (m) (aT)

Eg. 1
t
Where:
P = the apparent power absorbed by the sample in watts (W).

(W=joule-sec™)
K = the conversion factor for thermochemical calories-sec! to watts
(
C, = the heat capacity, thermal capacity, or specific heat
(cal-g*°C?), of water
m = the mass of the water sample in grams (g)
AT = the final temperature minus the initial temperature (°C)
t = the time in seconds (s)
Using the experimental conditions of 2 minutes and 1 kg of distilled
water (heat capacity at 25 °C is 0.9997 cal-g*'-°C!) the calibration
equation simplifies to:
P = (aT) (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 1in 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 A1l 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 Tess than 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, 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 HC1 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 12 ft-1bs.

(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
pbalance 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 160°C £ 4°C in 10 minutes and will
permit a slow rise to 165-170 °C 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
pbatch. 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 1in
7.3.6. That is, any sequence of power that brings the samples to
160°C £ 4°C in 10 minutes and permits a slow rise to 165-170°C
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 ATl quality control measures described in Chapter One, of this
Manual, should be followed.

8.2 For each analytical batch of samples processed, analytical reagent
bTanks (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,

Kingston, H. M.; Jassie, L. B., Eds.; ACS Professional Reference Book
Series: American Chemical Society, Washington, DC, 1988; Ch 6 & 11.
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1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification

for Reagent Water"; ASTM: Philadelphia, PA, 1985; D1193-77.

Kingston, H. M., Final Report EPA IAG #DWI3932541-01-1I, September 30,
1988, Appendix A.

Shannon, M., Alternate Test Procedure Application, USEPA Region V,
Central Regional Laboratory, 536 S. Clark Street, Chicago, IL 60606,
1989.

Kingston, H. M., Walter, P. J., "Comparison of Microwave Versus
Conventional Dissolution for Environmental Applications", Spectroscopy,
vol. 7 No. 9,20-27,1992.

Sosinski, P., and Sze C., "Absolute Accuracy Study, Microwave Digestion
Method 3015 (Nitric acid only)"; EPA Region III Central Regional
Laboratory, 1991.
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TABLE 1

MICROWAVE DIGESTION METHOD 3015 (Nitric Acid Only)

Revision O

Elem Material Certified Observed Std. Relative ReTative
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%
In Tm-11 55.4 55.9 2.6 4.6 1.06%
In Tm-12 314.0 316.5 8.9 2.8 0.82%
In T-107 75.8 81.6 3.3 4.0 7.68%
In T-109 74.0 69.9 4.1 5.8 -5.46%
As T-107 10.8 12.8 0.8 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%
T1 WP980-1 50.0 55.1 2 3.6 10.26%
T1 WP980-2 6.3 7.0 0.52 7.4 11.66%
vV Tm-11 491.0 532.6 26.1 4.9 8.48%
vV 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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TABLE 1 (continued)

Elem Material Certified Observed Std. Relative ReTative
Mean Mean Dev. Standard Bias
Deviation
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 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:

AlTuminum Cadmium Iron Molybdenum Sodium
Antimony Calcium Lead Nickel Strontium
Arsenic Chromium Magnesium Potassium Thallium
Boron Cobalt Manganese Selenium Vanadium
Barium Copper Mercury Silver Zinc
BerylTium

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 1is 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 Toss 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 Timit of 7.5+ 0.7 atm (110 + 10 psi).
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PPARATUS AND MATERTALS
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 A1l 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 1is 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 1is 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 wvariable 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 Tliners 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 Titerature 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 ATl acids should be sub-boiling distilled where possible to minimize

the blank Tevels 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 Tess than the MDL in order to be used.

5.1.1 Concentrated nitric acid, HNO;. Acid should be analyzed to
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. ATl
references to water in the method refer to reagent water unless otherwise
specified (Ref. 3).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l 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 Tlinear 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 1in 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 Tine calculate the power setting corresponding to the required
power in watts specified in the procedure. Measure the absorbed power at
that partial power setting. I[f 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 Targe volume of water to room temperature (23
+ 2°C). 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 %
2°C measured to = 0.05°C. 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°C. 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°C. Three measurements at each power setting should
be made.

The absorbed power is determined by the following relationship:

P = (K) (C,) (m) (aT)
Eq. 1

t
Where:

P = the apparent power absorbed by the sample in watts (W)
(W=joule-sec™)

K = the conversion factor for thermochemical calories-sec! to watts
(=4.184)

C, = the heat capacity, thermal capacity, or specific heat

(cal-g*t°C*') of water

m = the mass of the water sample in grams (g)
AT = the final temperature minus the initial temperature (°C)

t = the time in seconds (s)

Using the experimental conditions of 2 minutes and 1 kg of distilled water
(heat capacity at 25 °C is 0.9997 cal-g'-°C?!) the calibration equation
simplifies to:

Eq. 2 P = (aT) (34.86)

NOTE: Stable 1line wvoltage 1is necessary for accurate and
reproducible calibration and operation. The Tine 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 Tine
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 A1l 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 lTess than
boiling) for a minimum of two hours followed with hot (1:1) nitric acid (greater
than 80°C, but Tess than boiling) for a minimum of two hours and 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 Tleaching with more dilute acids
(approximately 10% V/V) appropriate for the specific plastics used and then
rinsed with reagent water and dried 1in a clean environment. To avoid
precipitation of silver, ensure that all HCI 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-Ibs (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: AT11 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 °C in less than 5.5 minutes and remain
between 170-180 °C 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 Timits 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 minutes
and permits a slow rise to 175 - 180°C during the remaining 4.5
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 lToss 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 A1l 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 1is
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 Tong run, where x is one result in pg/g (Ref. 6).

9.3 Reproducibility: If two successive measurements are made independently
by each of two different analysts working in different Taboratories 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 Tong run, where x is the average of two successive measurements in pg/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 0il, 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 wuncertainty 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.

10.0 REFERENCES

1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3rd
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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
Al 0.232X 0.444X
B 12.9° 22.6°
Ba 0.238X 0.421X
Be 0.082° 0.082°
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
Mo 0.701X 0.857X
N 0.212X 0.390X
Pb 0.206X 0.303X
Sr 0.283X 0.368X
Vv 1.03X1/2 2.23X1/2
n 3.82X1/2 7.69X1/2

°Log transformed variable based on one-way analysis of variance.
®Repeatability and reproducibility were independent of concentration.
‘Square root transformed variable based on one-way analysis of variance.
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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

A1T 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 ReTative Significant
(Certified (95% Conf Bias Bias (due to more
Element Range) Interval) (pg/g) (Percent) than chance)
Ag (291)** 234+16 -- -- --
Al 296+4 295+12 -1 0 No
Cr 29845 29310 -5 -2 No
Cu 295+10 28949 -6 -2 No
Fe 3004 31114 +11 +4 No
Mg 297+3 270+11 -27 -9 Yes
Mo 292+11 238+11 -54 -18 Yes
M1 303+7 29349 -10 -3 No
Pb (305)** 279+8 -- -- --

A11 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 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,
agueous 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
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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.

33 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
guestion 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), HCI.

5.1.2 Hydrochloric acid (1:1), HCI. Add 500 mL concentrated HCI to 400 mL water
and dilute to 1 liter in an appropriately sized beaker.

5.1.3 Nitric acid (conc), HNO,.

5.1.4 Nitric acid (1:1), HNO,. Add 500 mL concentrated HNO, to 400 mL water and
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 105°C, 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: .
Concentration (ppm) = mﬂﬁﬁ@?)

For metal salts:

Concentration (ppm) = W%%Wg@%@);%g%

5.3.1  Aluminum solution, stock, 1 mL = 1000 ug 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) HCI and 1.0 mL of concentrated HNO, in a beaker. Warm beaker slowly to effect
solution. When dissolution is complete, transfer solution quantitatively to a 1-liter flask, add
an additional 10.0 mL of (1:1) HCI 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 pg Sbh: Dissolve 2.6673 ¢
K(SbO)C,H,O, (element fraction Sb = 0.3749), weighed accurately to at least four significant
figures, in water, add 10 mL (1:1) HCI, and dilute to volume in a 1,000 mL volumetric flask
with water.

5.3.3  Arsenic solution, stock, 1 mL = 1000 pg As: Dissolve 1.3203 g of As,O,
(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, and
dilute to volume in a 1,000 mL volumetric flask with water.

5.3.4  Barium solution, stock, 1 mL = 1000 pg Ba: Dissolve 1.5163 g BaCl, (element
fraction Ba = 0.6595), dried at 250°C for 2 hours, weighed accurately to at least four
significant figures, in 10 mL water with 1 mL (1:1) HCI. Add 10.0 mL (1:1) HCI and dilute to
volume in a 1,000 mL volumetric flask with water.

5.3.5 Beryllium solution, stock, 1 mL = 1000 pg Be: Do not dry. Dissolve 19.6463
g BeSO,4H,0 (element fraction Be = 0.0509), 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.

5.3.6  Boron solution, stock, 1 mL = 1000 pg B: Do not dry. Dissolve 5.716 g
anhydrous H,BO; (B fraction = 0.1749), weighed accurately to at least four significant figures,
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 ug 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 mL
concentrated HNO, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.8  Calcium solution, stock, 1 mL = 1000 pg Ca: Suspend 2.4969 g CaCO,
(element Ca fraction = 0.4005), dried at 180°C 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 mL
volumetric flask with water.

5.3.9 Chromium solution, stock, 1 mL = 1000 pg Cr: Dissolve 1.9231 g CrO,
(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 to
volume in a 1,000 mL volumetric flask with water.

5.3.10 Cobalt solution, stock, 1 mL = 1000 pg Co: Dissolve 1.00 g of cobalt metal,
weighed accurately to at least four significant figures, in a minimum amount of (1:1) HNO,.
Add 10.0 mL (1:1) HCI and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.11 Copper solution, stock, 1 mL = 1000 pg 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 mL
volumetric flask with water.

5.3.12 Iron solution, stock, 1 mL = 1000 pg Fe: Dissolve 1.4298 g Fe,O; (element
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 mL
of concentrated HNO,, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.13 Lead solution, stock, 1 mL = 1000 pg Pb: Dissolve 1.5985 g Pb(NO,),
(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 mL
volumetric flask with water.

5.3.14 Lithium solution, stock, 1 mL = 1000 pg 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) HCI and dilute to volume in a 1,000 mL volumetric
flask with water.

5.3.15 Magnesium solution, stock, 1 mL = 1000 ug 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 volume
in a 1,000 mL volumetric flask with water.

5.3.16 Manganese solution, stock, 1 mL = 1000 pg Mn: Dissolve 1.00 g of
manganese metal, weighed accurately to at least four significant figures, in acid mixture (10
mL concentrated HCI and 1 mL concentrated HNO;) and dilute to volume in a 1,000 mL
volumetric flask with water.
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5.3.17 Mercury solution, stock, 1 mL = 1000 pg Hg: Do not dry, highly toxic element.
Dissolve 1.354 g HgCl, (Hg fraction = 0.7388) in reagent water. Add 50.0 mL concentrated
HNO, and dilute to volume in 1-L volumetric flask with reagent water.

5.3.18 Molybdenum solution, stock, 1 mL = 1000 ug Mo: Dissolve 1.7325 g
(NH,)¢Mo0,0,,.4H,0 (element fraction Mo = 0.5772), weighed accurately to at least four
significant figures, in water and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.19 Nickel solution, stock, 1 mL = 1000 ug Ni: Dissolve 1.00 g of nickel metal,
weighed accurately to at least four significant figures, in 10.0 mL hot concentrated HNO,,
cool, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.20 Phosphate solution, stock, 1 mL = 1000 ug P: Dissolve 4.3937 g anhydrous
KH,PO, (element fraction P = 0.2276), weighed accurately to at least four significant figures,
in water. Dilute to volume in a 1,000 mL volumetric flask with water.

5.3.21 Potassium solution, stock, 1 mL = 1000 ug K: Dissolve 1.9069 g KCI (element
fraction K = 0.5244) dried at 110°C, 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 pg Se: Do not dry. Dissolve 1.6332
g H,SeO; (element fraction Se = 0.6123), weighed accurately to at least four significant
figures, in water and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.23 Silica solution, stock, 1 mL = 1000 pg SiO,: Do not dry. Dissolve 2.964 g
NH,SiF4, weighed accurately to at least four significant figures, in 200 mL (1:20) HCI with
heating at 85°C 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 pg Ag: Dissolve 1.5748 g AgNO; (element
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.

5.3.25 Sodium solution, stock, 1 mL = 1000 pg 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.

5.3.26 Strontium solution, stock, 1 mL = 1000 pug Sr: Dissolve 2.4154 g of strontium
nitrate (Sr(NO,),) (element fraction Sr = 0.4140), weighed accurately to at least four
significant figures, in a 1-liter flask containing 10 mL of concentrated HCI 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 pg TI: Dissolve 1.3034 g TINO,
(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 with
water.
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5.3.28 Tin solution, stock, 1 mL = 1000 ug Sn: Dissolve 1.000 g Sn shot, weighed
accurately to at least 4 significant figures, in 200 mL (1:1) HCI 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 pg V: Dissolve 2.2957 g NH,VO,
(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 mL
concentrated HNO, and dilute to volume in a 1,000 mL volumetric flask with water.

5.3.30 Zinc solution, stock, 1 mL = 1000 pg 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 mL
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 HCI.

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
guantity 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.

CD-ROM

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:

_ |D17D2|
=———=_x100
(|D,+D,| 2

where:

RPD = relative percent difference.
D, = first sample value.
D, = second sample value (replicate).

(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.

10.0 REFERENCES

1. Boumans, P.W.J.M. Line Coincidence Tables for Inductively Coupled Plasma Atomic
Emission Spectrometry, 2nd Edition. Pergamon Press, Oxford, United Kingdom, 1984.

2. Sampling and Analysis Methods for Hazardous Waste Combustion; U.S. Environmental
Protection Agency; Air and Energy Engineering Research Laboratory, Office of Research and
Development: Research Triangle Park, NC, 1984; Prepared by Arthur D. Little, Inc.
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3. Rohrbough, W.G.; et al. Reagent Chemicals, American Chemical Society Specifications, 7th
ed.; American Chemical Society: Washington, DC, 1986.

4, 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for Reagent
Water"; ASTM: Philadelphia, PA, 1985; D1193-77.

5. Jones, C.L. et al. An Interlaboratory Study of Inductively Coupled Plasma Atomic Emission
Spectroscopy Method 6010 and Digestion Method 3050. EPA-600/4-87-032, U.S. Environmental
Protection Agency, Las Vegas, Nevada, 1987.
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TABLE 1

RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS

Detection . Estimated IDL"
Element Wavelength (hm) (ug/L)
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 ¢
Selenium 196.026 50
Silica (SiO,) 251.611 17
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
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
instrumental limit. The actual method detection limits are sample dependent and may vary as the
sample matrix varies.

CHighly dependent on operating conditions and plasma position.

CD-ROM 6010B - 19 Revision 2
December 1996



TABLE 2
POTENTIAL INTERFERENCES
ANALYTE CONCENTRATION EQUIVALENTS ARISING FROM
INTERFERENCE AT THE 100-mg/L LEVEL®

Interferanta’b

Wavelength
Analyte (nm) Al Ca Cr Cu Fe Mg Mn Ni Ti \
Aluminum 308.215 - - - - - - 021 -- - 14
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 - 0.02 011 - 0.13 -- 025 -- 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 -- - - 029 -- -

a Dashes indicate that no interference was observed even when interferents were introduced at the
following levels:

Al - 1000 mg/L Mg - 1000 mg/L
Ca- 1000 mg/L Mn - 200 mg/L
Cr- 200 mg/L TI- 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
those figures, add the listed concentration to the interferant figure.
Interferences will be affected by background choice and other interferences may be present.
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TABLE 3
MIXED STANDARD SOLUTIONS

Solution Elements

I Be, Cd, Mn, Pb, Se and Zn
Il Ba, Co, Cu, Fe, and V

1l As, Mo
v Al, Ca, Cr, K, Na, Ni,Li, and Sr
\ Ag (see “NOTE" to Section 5.4), Mg, Sb, and Tl
VI P
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TABLE 4. ICP PRECISION AND ACCURACY DATA?

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)
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 29| 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 85
‘;Not all elements were analyzed by all laboratories.
CRSD = relative standard deviation. .
dResuIts fo_r Se are from two laboratories. _ N o
Accuracy is expressed as the mean concentration divided by the true concentration times 100.
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TABLE 5

ICP-AES PRECISION AND ACCURACY FOR AQUEOUS SOLUTIONS®

Mean
conc. RSD" Accuracy®
Element (mg/L) NP (%) (%)
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 57 100
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
TI 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 analyzed
portions of the same solutions

®N = Number of measurements for mean and relative standard deviation (RSD).

CAccuracy is expressed as a percentage of the nominal value for each analyte in acidified, multi-

element solutions.
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TABLE 6

ICP-AES PRECISION AND BIAS FOR SOLID WASTE DIGESTS?®

Spiked Coal Fly Ash Spiked Electroplating Sludge

(NIST-SRM 1633a)

Mean Mean

conc. RSD® Bias® conc. RSD" Bias®
Element (mg/L) NP (%) (%AAS) (mg/L) NP (%) (%AAS)
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 097 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
vV 1010 5 7.5 100 1.2 6 11 80
Zn 2.2 6 7.6 93 266 7 25 101

*These performance values are independent of sample preparation because the labs analyzed
portions of the same digests.

®N = Number of measurements for mean and relative standard deviation (RSD).

°Bias for the ICP-AES data is expressed as a percentage of atomic absorption spectroscopy (AA)
data for the same digests.
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METHOD 6010B

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY

y

7.1 Pretreatment
of the sample.

v

7.2 Instrument
setup.

y

7.3 Instrument
calibration.

v

7.4 Run calibration
verification and
calibration blank and
analyze to determine
if calibration
acceptable.

v

7.5 Flush system
with calibration
blank before analysis
of each sample.

y

7.6 Perform
calculations.

y

7.7 - 7.8 Perform any

corrective measures
necessary for

accurate analysis.

A
Stop
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METHOD 3010A

ACID DIGESTION OF AQUEQOUS 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:

AlTuminum Magnesium
*Arsenic Manganese
Barium MoTybdenum
BerylTium 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 Tight 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.
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 Tessening the accuracy of the determination.

5.2 Reagent Water. Reagent water will be interference free. ATl
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 to
determine Tevels of impurities. If method blank is < MDL, the acid can be used.

5.4 Hydrochloric acid (1:1), HCl1. 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 AT11 samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l 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;.

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 with
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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 lTow 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 to
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 HCT (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 AT1 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 3010A
ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
FOR TOTAL METALS ANALYSIS BY FLAA OR ICP SPECTROSCOPY
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7.1 Transfer sample
aliquot to beaker,
add concentrated

.

7.1 Heat to
evaporate to low
volume, cool, and
add concentrated

HNO,

7.1 Reheat,
increase
temperature to
create gentle
reflux action

7.2 Heat to
complete digestion,
evaporate,add
HCl,warm beaker

7.3 Filter if
necessary and
adjust volume
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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 ThalTium
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 Tight in color or until its color has
stabilized. After the digestate has been brought to a lTow 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 MATERTALS
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.

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. ATl
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 to
determine Tevels of impurities. If method blank is < MDL, the acid can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 AT11 samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l 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;.

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 with
a ribbed watch glass. Place the beaker on a hot plate and cautiously evaporate
to a lTow 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-
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 with
water. The sample is now ready for analysis.

8.0 QUALITY CONTROL

8.1 AT11 quality control measures described in Chapter One should be
followed.

8.7 For each batch of samples processed, method blanks should be carried
throughout the entire sample preparation and analytical process. These blanks
will be useful 1in 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 3020A

ACID DIGESTION FOR AQUEOUS SAMPLES AND EXTRACTS
FOR TOTAL METALS FOR ANALYSIS BY GFAA SPECTROSCOPY
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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 °C in approximately
less than 5.5 minutes and remaining at 180 + 5 °C 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 TiO,, 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 £ 2.5°C and automatically adjust the
microwave field output power within 2 seconds of sensing. Temperature sensors should be
accurate to = 2°C (including the final reaction temperature of 180°C). 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.

4.2
or equivalent.

4.3
4.4

4.5

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.

Volumetric ware, volumetric flasks, and graduated cylinders, 50 and 100 mL capacity

Filter paper, qualitative or equivalent.
Filter funnel, polypropylene, polyethylene or equivalent.

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 output
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 with
hot (1:1) nitric acid (greater than 80°C, but less than boiling) for a minimum of two hours and 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 (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 HCI 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 HCI 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 °C in approximately 5.5 minutes and
remain at 180 = 5 °C 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 °C may be
increased to 10 minutes provided that 180 + 5 °C 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 Atthe 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,, or
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).
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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 (x10 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 °C). 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 °C measured to + 0.05 °C. 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 °C. 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 °C. Three measurements at each power setting should be made.

The absorbed power is determined by the following relationship:

K Cp mAT
Equation 1 P=
t
Where:
P = the apparent power absorbed by the sample in watts
(W, W = joule sec™)
K = the conversion factor for thermochemical
calories_sec™ to watts (which equals 4.184)
Cp = the heat capacity, thermal capacity, or specific
heat (cal g* °C™) of water
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the mass of the water sample in grams (Q)
the final temperature minus the initial temperature (°C)
the time in seconds (s)

>
—
I

Using the experimental conditions of 2 minutes and 1 kg of distilled water (heat
capacity at 25 °C is 0.9997 cal g* °C™) the calibration equation simplifies to:

P =34.86 AT

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 (x10 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 °C 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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TABLE 1

ANALYSIS OF NIST SRM 2704 (COMPILATION OF REFS. 2 AND 3)*

BUFFALO RIVER SEDIMENT

Element Analyzed Certified
(Mg/g) (Hg/g)
Arsenic (n=4) 234+ 26 23.4+0.8
Cadmium (n=6) 35+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 (1.2)
Sulfur (n=4) 356+016 | -
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

a

Digestion with 9 mL HNO,; and 4 mL HF. Temperature and pressure conditions are as

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)?
MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)

Element Analyzed Certified
(ng/9) (ng/9)
Antimony 39.3+0.9° 38.4 + 3.0
Cadmium 2192072 21.8+0.2
Chromium 34.0+3.2 i (39)
Copper 2902 + 83° 2950 + 130
Lead 5425 + 251 2 5532 + 80
Nickel 135+ 1.0°% 143+ 1.0
Silver 36.6 + 05" 353+ 15
Zinc 7007 + 111° 6952 + 91

a

Digestion with either a. 9 mL HNO3 and 4 mL HF or b. 9 mL HNO3, 3 mL HF, & 2 mL

HCI. 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
(ng/g) (ng/g)
Cadmium 405+ 1.0 41.70 £ 0.25
Chromium 455+ 1.0 (47
Copper 106.8 + 3.4 114 £ 2
Lead 1161 + 49 1162 + 31
Nickel 19.6 £ 0.9 206+1.1
Silver 43+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 as

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 HCI (REF. 3)* NIST SRM 2710
MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)

HNO, & HF HNO,, HF & HCI Certified
Element
(ng/g) (ng/9) (ng/g)
Antimony 33.1+21 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.
HNO,, HF, and HCI - Digestion used 9 mL, 3 mL, and 2 mL respectively. 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 5

FUMING OFF HYDROFLUORIC ACID WITH MICROWAVE EVAPORATION SYSTEM (REF 3)?

MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=4)

Element Direct Fumed Certified
(ng/g) (ng/g) (ng/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 135+ 1.0 13.5+ 0.8 143+ 1.0
Silver 36.6 + 0.5 389+ 1.1 353+15
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 HCI
Fumed - Digestion used 9 mL HNO, and 3 mL HCI followed by the removal of the HF.
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 HCI added. The digest solution was fumed to ~1 mL and 3 mL HNO, was added.
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) @
WEAR METALS IN OIL (100 ppm) (n=4)

Analyzed Certified

Element

(ngl/g) (ngl/g)

Chromium 98.1+1.1 98.3+0.8
Copper 1.24+24 100.0+1.9
Lead 99.2+ 23 101.1+1.3
Nickel 99.2+24 99.7+1.6
Silver 102.7+ 2.2 101.4+1.5

confidence intervals.
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TABLE 7

DIGESTION PARAMETERS USED IN THE ANALYSIS OF SEVERAL MATRICES
BY METHOD 3052

Matrix HNO, HF HCI
Soil
NIST SRM 2710 9 mL 3mL 0-2*mL
Highly Contaminated Montana Saoll
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.
CD-ROM 3052 - 19 Revision 0
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METHOD 3052
MICROWAVE ASSISTED ACID DIGESTION OF SILICEOUS AND ORGANICALLY BASED
MATRICES

7.1 Establish
temp. control of
closed microwave

vessel.

v

7.2 Wash and rinse
digestion vessel.

v

7.3 Perform sample
digestion:
- select decomposition
acids
- select sample size
- time and temperature
conditions

v

7.4 Perform
calculations.

CD-ROM 3052 - 20 Revision 0
December 1996



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-pug/L concentrations of a large number of elements in
water samples and 1in 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 1in
various matrices. Analytes for which EPA has demonstrated the acceptability of
Method 6020 in a multi-Taboratory study on solid wastes are listed in Table 1.
Acceptability of the method for an element was based upon the multi-Taboratory
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 1in 1986. Multi-Taboratory
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 Timits will generally be below 0.02 pg/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 1is 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 1is required for each analyte
determined by ICP-MS. Recommended internal standards are °Li, *Sc, &Y, ©Rh,
"oTn, Tb, ™Ho,and ““Bi. The Tithium internal standard should have an enriched
abundance of °®Li, so that interference from Tithium native to the sample is
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
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 Titerature [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 **C1 natural abundance of 75.77 percent is 3.13
times the ¥C1 abundance of 24.23 percent, the chloride correction for arsenic
can be calculated (approximately) as follows (where the *Ar¥C1" contribution at
m/z 75 is a negligible 0.06 percent of the “Ar3*C1* signal):

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., S%BrH" from
bromine wastes [6]).
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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 °?Zr0*
ions contribute at m/z 108, but use of m/z 111 for Cd is even subject to
direct (*ZrOH*) and indirect ( “°Zr0 *) additive interferences when Zr is
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 1ion 1is 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 wused 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 Teast 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 pg/L require 1% (v/v) HCI
for stability; for concentrations above 500 pg/L Ag, additional HC1 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 pg Bi:
Dissolve 0.1115 g Bi,0; in a minimum amount of dilute HNO; . Add 10 mL
conc. HNO, and dilute to 1,000 mL with reagent water.

5.3.2 Holmium internal standard solution, stock, 1 mL = 100 pg Ho:
Dissolve 0.1757 g Ho0,(C0;),-5H,0 in 10 mL reagent water and 10 mL HNO .
After dissolution is complete, warm the solution to d egas. Add 10 mL
conc. HNO, and dilute to 1,000 mL with reagent water.
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5.3.3 Indium internal standard solution, stock, 1 mL = 100 pg In:
Dissolve 0.1000 g indium metal in 10 mL conc. HNO;. Dilute to 1,000 mL
with reagent water.

5.3.4 Lithium internal standard solution, stock, 1 mL = 100 pg °Li:
Dissolve 0.6312 g 95-atom-% °Li, Li,C0; in 10 mL of reagent water and 10 mL
HNO,. After dissolution is complete, warm the solution to degas. Add
10 mL conc. HNO; and dilute to 1,000 mL with reagent water.

5.3.5 Rhodium internal standard solution, stock, 1 mL = 100 pg Rh:
Dissolve 0.3593 g ammonium hexachlororhodate (III) (NH,);RhCT¢ in 10 mL
reagent water. Add 100 mL conc. HC1 and dilute to 1,000 mL with reagent
water.

5.3.6 Scandium internal standard solution, stock, 1 mL = 100 pg Sc:
Dissolve 0.15343 g Sc,0, in 10 mL (I1+1) hot HNO,. Add 5 mL conc. HNO; and
dilute to 1,000 mL with reagent water.

5.3.7 Terbium internal standard solution, stock, 1 mL = 100 pg Tb:
Dissolve 0.1828 g Tb,(C0O5)5- 5H,0 in 10 mL (1+1) HNO,. After dissolution is
complete, warm the solution to degas. Add 5 mL conc. HNO, and dilute to
1,000 mL with reagent water.

5.3.8 Yttrium internal standard solution, stock, 1 mL = 100 pg Y:
Dissolve 0.2316 g Y,(C0;)5¢3H,0 in 10 mL (1+1) HNO, Add 5 mL conc. HNO ;and
diTute to 1,000 mL with reagent water.

5.3.9 Titanium solution, stock, 1 mL = 100 pg Ti: Dissolve 0.4133 g
(NH,),TiF, in reagent water. Add 2 drops conc. HF and dilute to 1,000 mL
with reagent water.

5.3.10 Molybdenum solution, stock, 1 mL = 100 pg Mo: Dissolve
0.2043 g (NH,),M00, in reagent water. Dilute to 1,000 mL with reagent
water.

5.4 Mixed calibration standard solutions are prepared by diluting the
stock-standard solutions to Tevels in the linear range for the instrument in a
solvent consisting of 1 percent (v/v) HNO, in reagent water. The calibration
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
6Li, **Sc, %Y, 8Rh, 51In, ¥°Th, % Ho, and ° Bi. Prior to preparing the mixed
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 wused 1in establishing the calibration curve. The
preparation blank is used to monitor for possible contamination resulting from
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the sa
betwee

concen

mple preparation procedure. The rinse blank is used to flush the system
n 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]
along with the selected concentrations of internal standards such that
there 1is an appropriate internal standard element for each of the
analytes. Use of HCI 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) 1in
reagent water. Prepare a sufficient quantity to flush the system between
standards and samples.

NOTE: The ICS solutions 1in 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 Tisted in Table
1, it 1is 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
trations 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 *C1'™ “on °'V *and *“Ar*Cl “on As*. 1Iron is used to

demons

trate adequate resolution of the spectrometer for the determination of

manganese. Molybdenum serves to indicate oxide effects on cadmium isotopes. The

other
to cor

components are present to evaluate the ability of the measurement system
rect 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 Timits.

CD-ROM

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 AT(NO;);9H,0, 2.498 g CaCO; (dried at 180 C for 1 h before
weighing), 1.000 g Fe, 1.658 g Mg0, 2.305 g Na,C0,, and 1.767 g K,CO,
to 25 mL of reagent water. Slowly add 40 mL of (1+1) HNO,. After
dissolution 1is 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,P0,, 6.373 g 96% H,S0,, 40.024 g 37% HC1, and
10.664 g citric acid Cs0,Hg to 100 mL of reagent water. Dilute to
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-pg/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 to
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-pg/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 1ICS-AB may be prepared by adding 10.0 mL of
mixed ICS solution I (5.7.1.1), 2.0 mL each of 100-pg/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 (ICVY), 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 1linear 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 pg/L of Li, Co,
In, and T1) 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 Teast 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 Tlast 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 Tess
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 A1l 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 Tinearity 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 (pug/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.

Concentration (dry weight)(mg/kg) = %—f—i
Where,
C = Digest Concentration (mg/L)
V = Final volume in liters after sample preparation
W = Weight in kg of wet sample
S % Solids
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 A1l quality control data should be maintained and be available for
easy reference or inspection.

8.2 Instrument Detection Limits (IDLs) in pg/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 1is 1less than the T1imit of quantification and the
concentration of interferents are idinsignificant, 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 wused, 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 Tinear
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 Tless) 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 1Timits, 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 dinstrument calibration wusing 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 idinstrument 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 Tast
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:

‘Dl' Dz‘
RPD = x 100
(D, + D,)/2

where:

RPD = relative percent difference.
D, first sample value.
D, second sample value (duplicate)

A control T1imit of 20% RPD should not be exceeded for analyte values
greater than 100 times the instrumental detection Timit. If this Timit 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-Taboratory study, 10 Taboratories 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* 4
AlTuminum 7429-90-5
Antimony 7440-36-0
Arsenic 7440-38-2
Barium 7440-39-3
Beryl1ium 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
ThalTium 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
C1 1000.0 1000.0
Mo 2.0 2.0
T1 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
N 0.0 0.0200
Ag 0.0 0.0200
n 0.0 0.0200
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TABLE 3. RECOMMENDED ISOTOPES FOR SELECTED ELEMENTS

Mass Element of interest
27 AlTuminum

121, 123 Antimony

75 Arsenic

138, 137, 136, 135, 134 Barium

9 BerylTium

209 Bismuth (IS)
114, 112, 111, 110, 113, 116, 106 Cadmium

42, 43, 44, 46, 48 Calcium (I)
35, 37, (77, 82)° Chlorine (I)
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 (1)
28&, 207, 206, 204 Lead

6°, 7 Lithium (IS)
24, 25, 26 Magnesium (1)
55 Manganese

98, 96, 92, 97, 94, (108)° Molybdenum (1)
58, 60, 61, 64 Nickel

39 Potassium (1)
103 Rhodium (IS)
45 Scandium (IS)
107, 109 Silver

23 Sodium (I)
159 Terbium (IS)
205, 203 ThalTlium

120, 118 Tin (1)

89 Yttrium (IS)
64, 66, 68, 67, 70 Zinc

NOTE: Method 6020 is recommended for only those analytes Tisted 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 correction
(Section 3.2). " Internal standard must be enriched in the ®Li isotope. This
minimizes interference from indigenous 1ithium.
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TABLE 4. ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR AQUEOUS
SOLUTIONS

Comparability® %RSD
Element Range Range NP S¢
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 those
of the reference technique. P N is the range of the number of ICP-MS
measurements where the analyte values exceed the Timit of quantitation (3.3 times
the average IDL value). © S is the number of samples with results greater

than the 1imit of quantitation. ¢ No comparability values are provided for
antimony because of evidence that the reference data 1is affected by an
interference.
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TABLE 5. ICP-MS MULTI-LABORATORY PRECISION AND ACCURACY DATA FOR SOLID
MATRICES

Comparability® %RSD
Element Range Range NP S¢
AlTuminum 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 those
of the reference technique. ° N is the range of the number of ICP-MS
measurements where the analyte values exceed the Timit of quantitation (3.3
times the average IDL value). ¢S is the number of samples with results
greater than the Timit of quantitation. 4 No comparability values are
provided for antimony because of evidence that the reference data is affected
by an interference.
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METHOD 7742

SELENTUM (ATOMIC ABSORPTION, BOROHYDRIDE REDUCTION)

1.0 SCOPE AND APPLICATION

1.1 Method 7742 is an atomic absorption procedure for determining 3 ug/L
to 750 pg/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. A1l 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 HCT.
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 Tlamp radiation 1is
proportional to the selenium concentration.

2.3 The typical detection 1imit for this method is 3 pg/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/HC1 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, Tleak-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 Tong plastic or glass rod (see Figure 1).

4.2.5 Mixing Coil Heater, 1if 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.

4.72.6 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 Tiquid 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-
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.

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 Tamp or selenium electrodeless discharge lamp
and power supply. Super-charged hollow-cathode Tamps or EDL Tlamps 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 determine
levels of impurities. If a method blank is <MDL, the acid can be used.

5.3 30% Hydrogen peroxide (H,0,): Peroxide must be a tin-free grade.

5.4 Concentrated hydrochloric acid (HC1): 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% HCI 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 added
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 (20
g reagent-grade NaBH, plus 2 g sodium hydroxide dissolved in 500 mL of reagent
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,Se0;) in 200 mL of reagent water (I mL =1 mg Se).

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,/Titer. The

concentration of this solution is 1 mg Se/L (1 mL =1 pg Se).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l 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 Tess 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 pg/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 1is
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 HCT 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 1is suggested). Bring flask to volume with reagent water before
analyzing. A ten-fold dilution correction must be made 1in 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 pg 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 1is
adjusted to about 200 mL/min. For the AA, use the 196.0-nm wavelength and 2.0-nm
s1it 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 1is 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 M

ETHOD 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 ug/L spike on ten different

sample
10.0

1.

CD-ROM

s is 100.5% for selenium.
REFERENCES

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.3.

"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 7741A

SELENIUM (ATOMIC ABSORPTION, GASEQOUS HYDRIDE)

1.0 SCOPE AND APPLICATION

1.1 Method 7741 1is 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. A1l
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/HClT or sodium borohydrate/HCI
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 1imit 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 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.

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 Titer/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 Tamp or electrodeless discharge Tamp.
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. A1l 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,S0, and 400 mL concentrated HC1 to 400
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 of
concentrated HCT.

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,Se0;) in reagent water. Add to a 200-mL volumetric flask and bring
to volume (1 mL =1 mg Se).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A11 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 of
18 N H,S0,. Evaporate the sample on a hot plate until white SO; fumes are
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 of
HNO, (evidence of brown fumes) and do not let the solution darken because
selenium may be reduced and lost. When the sample remains colorless or
straw yellow during evolution of SO, fumes, the digestion is complete.

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 mL
concentrated HC1 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.
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;/1iter.

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,/Titer. This is
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 Teast 10 min 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
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 Tine, 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.

CD-ROM 7741A - 4 Revision 1
September 1994



CD-ROM

METHOD 7741A

SELENIUM (ATOMIC ABSORPTION,

GASEQUS HYDRIDE)

Standard Preparation Sample Preparation
7.2.1 Pipet 7.1.1 Add
stock concentrated

solution into
flask; bring

to volume

3

H,SO, and HNO,
to sample and
evaporate

7.2.2 Prepare 6
Se working
standards from
stock; bring to
volume

7.1.1 Stop
digestion,cool,

add HNO,

7.3.1 Transfer
3 standard
portions add
sample,bring to
volume

}

7.3.2 To
prepare blank
add sample to a
flask and bring

to volume

I

7.4 Follow
instructions
for operating

argon-hydrogen
lame

|

7.5 Use 196.0
nm wavelength

7.1.2 Cool
sample,add
reagent water,
evaporate,cool

|

7.1.2 Add
concentrated
HCl and bring

to volume

7.6 Transfer
digested sample

to reaction
vessel  add
SnCl,

l

7.6 Allow to
stand,attach
vessel to
glassware,add
Zn slurry

I

7.6 Record Se

concentration

7741A - 5

Revision 1
September 1994



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 Tight path of an atomic
absorption spectrophotometer. Absorbance (peak height) is measured as a function
of mercury concentration.

2.3 The typical instrument detection 1limit (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 1in 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. 0.D. x 4.5 1in. 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 Tight 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 Tamp with 60-W bulb which may be used
to prevent condensation of moisture inside the cell. The Tamp should be
positioned to shine on the absorption cell so that the air temperature in the
cell is about 10°C above ambient.

4.9 The cold-vapor generator 1is assembled as shown in Figure 1 of
reference 1 or according to the instrument manufacturers instructions. The
apparatus shown in Figure 1 1is 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,S0,, or
2. 0.25% iodine in a 3% KI solution.
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A specially treated charcoal that will adsorb mercury vapor 1is 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.

4.11 Graduated cylinder or equivalent.
5.0 REAGENTS

5.1 Reagent Water: Reagent water will be interference free. ATl
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 HC1 to one volume of concentrated HNO,.

5.3 Sulfuric acid, 0.5 N: Dilute 14.0 mL of concentrated sulfuric acid
to 1 Titer.

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 AT11 samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l 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 mL
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 6
mL of sodium chloride-hydroxylamine sulfate to reduce the excess permanganate.

CAUTION: Do this addition wunder a hood, as Cl, could be evolved.
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,SO, 5
are added to the 0.2 g of sample. Add 5 mL of satufs eg EMhdifsg U%?Q%rgggdcg@g%
the bottle with a piece of aluminum foil. The samples are autoclaved at 121°C
and 15 1b 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 and
15 mL of KMn0O, solution to each bottle and return to the water bath for 30
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 Tlevels 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. Al1 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 Tiquid 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 Tight path of an atomic absorption
spectrophotometer. Absorbance (peak height) is measured as a function of mercury
concentration.

2.3 The typical detection 1imit 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.
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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 Tamp 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. 0.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 1ight 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 Titer 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.

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 1is 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,S0,; or
2. 0.25% lodine 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.

4.11 Graduated cylinder or equivalent.
5.0 REAGENTS

5.1 Reagent Water: Reagent water will be interference free. ATl
references to water in this method will refer to reagent water unless otherwise
specified.

5.2 Sulfuric acid (H,S0,), concentrated: Reagent grade.

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 Tow mercury
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,S0,. This mixture is a suspension and should be stirred continuously during
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 to
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 A11T samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 AT1 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;. The
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,S0, and 2.5 mL of concentrated HNO,, mixing after each addition. Add
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 sodium
chloride-hydroxylamine sulfate to reduce the excess permanganate. After a delay
of at Teast 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,S0, and
2.5 mL of concentrated HNO; to each bottle. Add 15 mL of KMnO, solution to each
bottle and allow to stand at Teast 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 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. ATl 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 7197

CHROMIUM, HEXAVALENT (CHELATION/EXTRACTION)

1.0 SCOPE AND APPLICATION

1.1 Method 7197 1is 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 Titer.
2.0 SUMMARY OF METHOD

2.1 Method 7197 1is based on the chelation of hexavalent chromium with
ammonium pyrrolidine dithiocarbamate (APDC) and extraction with methyl isobuty]
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 Tamp.

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 and
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 Titer with Type II water.

5.6 Potassium dichromate standard solution IIT (1.0 mL = 0.10 ug Cr):
Dilute 10.0 mL chromium standard solution II to 1 liter with Type Il 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 Tliter.

5.9 Sulfuric acid, 0.12 M: Slowly add 6.5 mL distilled reagent grade or
spectrograde-quality sulfuric acid, H,S0,, to Type II water and dilute to 1
liter.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 AT11 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 4°C 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,S0, dropwise until the blue color just disappears
in both the standards and sample. Then add 2.0 mL of 0.12 M H,S0, in excess.
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 AlTow the Tayers 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 1is
required to ensure that neither a reducing condition nor chemical
interference 1is 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
bTank 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 A11 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 Titer.

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 Tlower 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 Tight path of 1 cm or longer,
or a filter photometer, providing a light path of 1 cm or Tonger 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,0, (analytical reagent grade), in reagent water and
dilute to 1 Titer (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,S0,, to 100 mL with reagent water.

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-Tined caps.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 AT11 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) 1in extracts 1is 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 time
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,S0, solution to give a pH of 2 + 0.5, dilute to 100 mL with
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 pg 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 I[f 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 AT1 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 Tliter. FEither 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 Tead 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 MATERTALS

4.1 Filtering flask: Heavy wall, 1-Titer 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.
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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;)2
(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,),S0, (analytical reagent grade), in Type II water and dilute to 100 mL.

5.4 Calcium nitrate solution: Dissolve 11.8 g of calcium nitrate,
Ca(NO;),4H,0 (analytical reagent grade), in Type II water and dilute to
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.

5.7 Ammonium hydroxide, 10% (v/v): Dilute 10 mL concentrated ammonium
hydroxide, NH,0OH (analytical reagent grade), to 100 mL with Type Il water.

5.8 Hydrogen peroxide, 30%: ACS reagent grade.

5.9 Potassium dichromate standard solution: Dissolve 28.285 g of dried
potassium dichromate, K,Cr,0, (analytical reagent grade), in Type II water and
dilute to 1 Titer (1 mL =10 mg Cr).

5.10 TIrivalent chromium working stock solution: To 50 mL of the potassium
dichromate standard solution, add 1 mL of 30% H,0, and 1 mL concentrated HNO; and
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 A1l 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 1is 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 4°C 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 Tonger than 15 min between these
steps.

NOTE: Care must be exercised not to take the pH below 3. If the pH is

inadvertently Tlowered to <3, 10% NH,0OH should be used to readjust
the pH to 3.5 + 0.3.

7.2 Pipet a 10-mL aliquot of the adjusted sample into a centrifuge tube.
Add 100 ulL 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 ulL 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 ulL
30% H,0,, and 100 ulL calcium nitrate solution. Stopper the tube and mix, using
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,0,, 5 mL concentrated HNO;, and 1 mL calcium nitrate solution
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,0,, 5 mL concentrated HNO;, and 1 mL calcium nitrate solution
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 1is
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
bTank 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 Tess 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 A11 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 pg/L
to 400 pg/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. A1l 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 Tamp radiation s
proportional to the arsenic or antimony concentration.

2.3 The typical detection Timit for this method is 1.0 pg/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 MATERTIALS

4.1 Electric hot plate: Large enough to hold at Teast several 100 mL
Pyrex digestion beakers.

4.2 A continuous-flow hydride generator: A commercially available
continuous-flow sodium borohydride/HCT 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, Tleak-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 Tong plastic or glass rod (see Figure 1).

4.2.5 Mixing Coil Heater, 1if 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 1iquid fraction to drain to waste and gaseous
products above the Tiquid 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 Tiquid 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-
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 1is
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.

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 Tamps 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 determine
levels of impurities. If a method blank is <MDL, the acid can be used.

5.3 30% Hydrogen peroxide (H,0,): Peroxide must be a tin-free grade.

5.4 Concentrated hydrochloric acid (HC1): 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% HCI solution in reagent water must be prepared
as a diluent solution if excessive Tevels 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 added
to a 25-mL aliquot of each sample for removal of excess peroxide through
degassing (see Section 7.2).

5.7 L-cysteine (CgH,,N,0,S,): A 1.00-g portion of reagent grade L-cystine
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 (20
g reagent-grade NaBH, plus 2 g sodium hydroxide dissolved in 500 mL of reagent
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,0; in 100 mL of reagent
water containing 4 g NaOH. Acidify the solution with 20 mL concentrated
HNO, and dilute to 1 Tliter.

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;/1iter (1 mL = 10 pg each of Sb and As).

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;/1iter (1 mL = 1 pg each of Sb and As).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l 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 pg/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 HC1 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 Teast 30 minutes 1is 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
pbe 0, 5, 10, 15, 20, and 25 pg Sb and As/Titer.

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 1is 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 Taboratory 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 ug/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 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. Al11 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 1imit 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 (S0;) are observed.

3.3 Elemental arsenic and many of its compounds are volatile; therefore,
certain samples may be subject to Tosses of arsenic during sample preparation.
4.0 APPARATUS AND MATERTALS

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.
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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 Titer/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 Tamp or arsenic electrodeless discharge Tamp.

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. ATl
references to water in the method refer to reagent water unless otherwise
specified.

5.3 Nitric acid (concentrated), HNO,. Acid should be analyzed to
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,50,. Acid should be analyzed to
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,S0, and 400 mL concentrated HC1 to 400 mL
water and dilute to a final volume of 1 Titer 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 mL
concentrated HCI.

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,0; in 100 mL
of water containing 4 g NaOH. Acidify the solution with 20 mL
concentrated HNO; and dilute to 1 liter.

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,/1iter (1 mL = 10 ug As).

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,/Titer (1 mL = 1 ug As).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A11 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,S0,. Evaporate the sample in the hood on
an electric hot plate until white SO, fumes are observed (a volume of about 20
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 HNO,
in order to maintain an excess (as evidenced by the formation of brown fumes).
Do not Tet the solution darken, because arsenic may be reduced and lTost. When
the sample remains colorless or straw yellow during evolution of SO, fumes, the
digestion 1is complete. Cool the sample, add about 25 mL water, and again
evaporate until SO, fumes are produced in order to expel oxides of nitrogen.
Cool. Transfer the digested sample to a 100-mL volumetric flask. Add 40 mL of
concentrated HC1 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 HC1/Tliter.

7.4 Add 10 mL of prepared sample to a 50-mL volumetric flask. Bring to

volume with water containing 1.5 mL HCI/liter. This 1is 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 at
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 1is 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 7061A
ARSENIC (ATOMIC ABSORPTION, GASEOUS HYDRIDE)
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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 Timits 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, 1if 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 Timited 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 - 1 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 1is
aspirated and atomized in a flame. A Tight beam from a hollow cathode Tamp or an
electrodeless discharge Tamp is directed through the flame into a monochromator,
and onto a detector that measures the amount of absorbed Tight. Absorption
depends upon the presence of free unexcited ground-state atoms in the flame.
Because the wavelength of the 1light beam is characteristic of only the metal
being determined, the Tight 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 Tlower concentrations of elements 1is 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 Tamp 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 Tlanthanum will overcome phosphate interference 1in
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 1in an interference from nonatomic absorbance such as Tight
scattering. If background correction is not available, a nonabsorbing
wavelength should be checked. Preferably, samples containing high solids
should be extracted.

3.1.4 Tonization 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 Tine 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 Tamp, 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 A1l metals are not equally stable 1in 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 Timitations 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 1is
preferred. Therefore, nitric acid is preferable for any digestion or
solubilization step. If another acid in addition to nitric acid 1is
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. A1l 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 Tamps - Single-element Tlamps are preferred but
multielement Tamps 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 ulL 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 - A1l 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 Tessening 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 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.

5.4 Hydrochloric acid (1:1), HC1. 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 Tlaboratory 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 1in concentration, a calibration curve 1is 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 Tinear 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.
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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 Tamp 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 Tlimits. 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 1is important when using flameless
atomization, especially below 350 nm. Certain samples, when atomized, may
absorb or scatter Tight 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 wused, 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 1is 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 Tife 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 Tife depends on sample matrix and atomization temperature.
A conservative estimate would be that a tube will Tlast at Teast 50
firings. A pyrolytic coating will extend that estimated Tife 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

where: W
A = ug/L of metal in processed sample from calibration curve.
V = Final volume of the processed sample, mL.
W = Weight of sample, grams.
7000A - 8 Revision 1
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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:
L = 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 AIll 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 Teast 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 Timits, 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 Timit, 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 Vg
of a standard analyte solution of concentration C;. To the second aliquot
(Tabeled B) is added the same volume V¢ of the solvent. The analytical
signals of A and B are measured and corrected for nonanalyte signals. The
unknown sample concentration C, is calculated:

c SaVsCs

(SA_SB)VX

where S, and § are the analytical signals (corrected for the blank) of
solutions A and B, respectively. V., and C, should be chosen so that S, is
roughly twice Sz on the average, avoiding excess dilution of the sample.
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 s
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 1is extrapolated to zero absorbance, the point of
interception of the abscissa 1is 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 Timitations 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 s
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 Procedure®’®
Detection Limit Sensitivity Detection Limit
Metal (mg/L) (mg/L) (ug/L)
AlTuminum 0.1 1 - -
Antimon 0.2 0.5 3
Arsenic 0.002 - - 1
Barium 0.1 0.4 2
BerylTium 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 --
Manganeae 0.01 0.05 0.2
Mercury 0.0002 - - --
Molybdenum(p) 0.1 0.4 1
Nickel 0.04 0.15
Osmium 0.03 1
Potassiu 0.01 0.04 --
Selenium 0.002 - - 2
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.
%or furnace sensitivity values, consult instrument operating manual.
bGaseous hydride method.
“The 1isted furnace values are those expected when using a 20-ul injection and
normal gas flow, except in the cases of arsenic and selenium, where gas interrupt

is used.

dCon vapor technique.
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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,
guantitation, 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 Qil 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 agueous 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.

2311 Agueous 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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23.11.1 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 techniqgue 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 (PAHSs) 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 agueous phase and avoid emulsions.

2314 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.

2.3.14.1 Liguid Sludges

Use of Method 3510 or Method 3520 may be applicable to sludges that
behave like and have the consistency of agueous liquids. Ultrasonic extraction
(Method 3550) and Soxhlet (Method 3540) procedures will, most likely, be ineffective
because of the overwhelming presence of the liquid agueous 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.

2.3.143 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 0°C.

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.

2.3.15 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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24 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.
25 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 Technigues 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

TI 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.

2.6 REFERENCES
1. Barcelona, M.J. "TOC Determinations in Ground Water"; Ground Water 1984, 22(1), 18-24.

2. Riggin, R.; et al. Development and Evaluation of Methods for Total Organic Halide and
Purgeable Organic Halide in Wastewater; 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, 1984;
EPA-600/4-84-008.

3. McKee, G.; et al. Determination of Inorganic Anions in Water by lon Chromatography;
(Technical addition to Methods for Chemical Analysis of Water and Wastewater, EPA 600/4-
79-020), U.S. Environmental Protection Agency. Environmental Monitoring and Support
Laboratory. ORD Publication Offices of Center for Environmental Research Information:
Cincinnati, OH, 1984; EPA-600/4-84-017.
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TABLE 2-1
DETERMINATIVE METHODS FOR ORGANIC ANALYTES

Analyte Applicable Method(s)
Acenaphthene . ... ... . . . . ... 8100, 8270, 8275, 8310, 8410
Acenaphthylene . .. ... ... ... . .. . . e 8100, 8270, 8275, 8310, 8410
Acetaldenyde . . ... ... 8315
ACEBIONE . . . 8015, 8260, 8315
AcCetONItrile . . . 8015, 8033, 8260
ACEIOPNENONE . . . . e 8270
2-Acetylaminofluorene . . ... ... e 8270
1-Acetyl-2-thiourea . ... ... .. i e 8270
AcIflUO e . . e 8151
Acrolein (Propenal) .. ........ . . . . e 8015, 8260, 8315, 8316
Acrylamide ... ... 8032, 8316
Acrylonitrile .. ... .. e 8015, 8031, 8260, 8316
AlBChlOr . . e e 8081
Aldicarb (TemiK) . ... . e e 8318, 8321
Aldicarb sulfone . . . ... 8318, 8321
Aldicarb sulfoxXide . ... .. . e 8321
AldriN . 8081, 8270
Allyl alcohol . . ... e 8015, 8260
Allyl chloride . ... .. e 8021, 8260
2-AMINoaNthragUINONE . . .. e 8270
AMINOAZODENZENE . . . . . e e e e 8270
4-Aminobiphenyl . . ... e 8270
AMINOCAID . . . e e 8321
2-Amino-4,6-dinitrotoluene (2-AmM-DNT) . . . ... . i e 8330
4-Amino-2,6-dinitrotoluene (4-Am-DNT) . . . ... . i e 8330
3-Amino-9-ethylcarbazole ... ... ... ... . . e e 8270
ANNlAZINE . .. e 8270
ANIlNe . o 8131, 8270
O-ANISIAINE . .. e e 8270
Anthracene . ........ .. . .. 8100, 8270, 8275, 8310, 8410
ATAMIEE . . o e e 8270
Aroclor-1016 (PCB-1016) . ... ...t 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) . ... ... i 8082, 8270
A PO . e 8141
ASUlaM . e 8321
ALTAZINE . . o e e 8141
AzZINphos-ethyl . . .. 8141
Azinphos-methyl . . ... 8141, 8270
Barban ... 8270, 8321
Baygon (PropoXUL) . . ..o e e 8318, 8321
Bendiocarh ... ... e 8321
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
BeNefiN . . e 8091
BenOMYl .. e 8321
BeNtazon . . .. . e 8151
Benzal chloride . .. ... . . e 8121
Benzaldehyde . ....... . e 8315
Benz(a)anthracene . ........... ... . .. i 8100, 8270, 8275, 8310, 8410
BENZENE . . . . e 8021, 8260
Benzenethiol (Thiophenol) . . ... .. . 8270
Benzidine . . ... 8270, 8325
Benzo(b)fluoranthene ........ ... . . . . . ... ... e 8100, 8270, 8275, 8310
Benzo(fluoranthene . ... . . 8100
Benzo(K)fluoranthene ........ ... ... . . . . . ... . ... . 8100, 8270, 8275, 8310
BeNzoiC aCid . . . .. .. 8270, 8410
Benzo(g,h,Dperylene . ..... ... .. . . ... 8100, 8270, 8275, 8310
Benzo(a)pyrene . ... e 8100, 8270, 8275, 8310, 8410
P-BENZOgUINONE . . ... e 8270
Benzotrichloride . . . .. ..o o e 8121
Benzoylprop ethyl . ... .. 8325
Benzyl alcohol . . ... . 8270
Benzyl benzoate ... ....... .. . . 8061
Benzyl chloride . ...... ... . . . . e 8021, 8121, 8260
a-BHC (a-Hexachlorocyclohexane) . ........ ... ... ... .. . .. ... ... 8081, 8121, 8270
B-BHC (B-Hexachlorocyclohexane) ............. ... . i, 8081, 8121, 8270
0-BHC (6-Hexachlorocyclohexane) . ............. ... . . ... 8081, 8121, 8270
y-BHC (Lindane, y-Hexachlorocyclohexane) .......................... 8081, 8121, 8270
Bis(2-chloroethoxy)methane ............. .. ... . . . . . ... 8111, 8270, 8410
Bis(2-chloroethyl) ether ... ... ... ... . . . .. . . . . . 8111, 8270, 8410, 8430
Bis(2-chloroethyDsulfide . . . .. ... . . 8260
Bis(2-chloroisopropyl) ether . . ... ... . . . . . .. 8021, 8111, 8270, 8410
Bis(2-n-butoxyethyl) phthalate . ............ . . . . . . e 8061
Bis(2-ethoxyethyl) phthalate . . .. ... ... . . . . . . 8061
Bis(2-ethylhexyl) phthalate . . . ....... ... ... . . . . 8061, 8270, 8410
Bis(2-methoxyethyl) phthalate . ......... ... . . . . . . e 8061
Bis(4-methyl-2-pentyl)-phthalate . .......... ... ... . . . . . 8061
Bolstar (SUIProfos) . ... ..o e 8141
Bromacil .. .. e 8321
BromoacetonNe . . . . .o e 8021, 8260
4-Bromoaniline . ... ... e e e e e 8131
BromobENzZENE . . . . . 8021, 8260
Bromochloromethane . .. ... ... 8021, 8260
2-Bromo-6-chloro-4-nitroaniline . . .. .. .. ...t e 8131
Bromodichloromethane . .. .. ... ... 8021, 8260
2-Bromo-4,6-dinitroaniling . . ... ... . 8131
4-Bromofluorobenzene . ... ... .. . 8260
BromoOfOorm . .. 8021, 8260
Bromomethane . .. ... .. 8021, 8260
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
4-Bromophenyl phenyl ether ... .. ... ... ... . .. . .. .. . 8111, 8270, 8275, 8410
BromOXYNIl . . . 8270
BUtanal . .. .. e 8315
1-Butanol (n-Butyl alcohol) . . ... ... e 8015
N-BULANOl . . . . o 8260
2-Butanone (Methyl ethyl ketone, MEK) . . ... ... .. . . . 8015, 8260
BULIalin . .. e 8091
n-Butyl alcohol (1-Butanol) . . ... ... e 8015
t-Butyl alcohol . . ... ... 8015
N-BUtylbenzene . . ... . . e 8021, 8260
sec-Butylbenzene ... ... ... e e 8021, 8260
tert-Butylbenzene .. ... ... 8021, 8260
Butyl benzyl phthalate ........... ... ... ... . . . . 8061, 8270, 8410
2-sec-Butyl-4,6-dinitrophenol (DNBP, Dinoseb) ................... 8041, 8151, 8270, 8321
CaffBINe . . oo e 8321
Captafol . . ... e 8081, 8270
CaPlAN . o 8270
Carbaryl (Sevin) . . ... o 8270, 8318, 8321, 8325
Carbendazim . . ..o 8321
Carbofuran (Furaden) .. ........ .. i i e 8270, 8318, 8321
Carbon disulfide . .. ..o 8260
Carbon tetrachloride . .. ... ... 8021, 8260
Carbophenothion . . ... ... .. . e e 8141, 8270
Chloral hydrate ... ... ... . i e e e e e e e e e e 8260
Chloramben . . . . e 8151
Chlordane (NOS) . . ...t e e e e e e e e e 8270
O-Chlordane .. ... i 8081
V-Chlordane . . ... .. 8081
Chlorfenvinphos . ... ... e e 8141, 8270
Chloroacetonitrile . . . .. oo o 8260
2-Chloroacrylonitrile . .. ... .. e 8015
2-Chloroanilinge .. .. o 8131
3-Chloroaniling .. ..o 8131
A4-Chloroaniling . . ... ... 8131, 8270, 8410
Chlorobenzene . . ... .. 8021, 8260
Chlorobenzilate . . ... .. ... . 8081, 8270
2-Chlorobiphenyl . ... ... e 8082, 8275
2-Chloro-1,3-butadiene (Chloropreng) . .......... .t 8021, 8260
1-Chlorobutane . .. ... .. 8260
Chlorodibromomethane (Dibromochloromethane) ........................... 8021, 8260
2-Chloro-4,6-dinitroaniling . . . . . ... . 8131
1-Chloro-2,4-dinitrobenzene . . ... .. o 8091
1-Chloro-3,4-dinitrobenzene . . ... ... 8091
Chloroethane . . . . ... . 8021, 8260
2-Chloroethanol . . .. ... ... 8021, 8260, 8430
2-(2-Chloroethoxy)ethanol . ... ...... ... i e e 8430
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
2-Chloroethyl vinyl ether .. ... ... . . . e 8021, 8260
Chloroform . . .. 8021, 8260
1-Chlorohexane . . . ... . e e e 8260
Chloromethane . . ... ... e 8021, 8260
5-Chloro-2-methylaniline . ... ... ... . . . . e 8270
Chloromethyl methyl ether . . . ... . e e 8021
2-Chloro-5-methylphenol . .. ... . . . e 8041
4-Chloro-2-methylphenol . .. ... ... e 8041
4-Chloro-3-methylphenol ... ....... . ... . . . . . e 8041, 8270, 8410
3-(Chloromethyl)pyridine hydrochloride . ......... ... . . .. . . . . . i 8270
1-Chloronaphthalene . ... ... . . . 8270, 8275
2-Chloronaphthalene . .. ....... . . . . e 8121, 8270, 8410
Chloroneb . ... . e e 8081
2-Chloro-4-nitroanilinge . . ... .. i e e 8131
4-Chloro-2-nitroaniling . . ... .. e 8131
1-Chloro-2-nitrobENZENE . . . . . .. e e 8091
1-Chloro-4-nitrobENZENE . . . .. . i e e e 8091
2-Chloro-6-nitrotolUENE . . .. ... e 8091
4-Chloro-2-nitrotoluenE . . . ... e e 8091
4-Chloro-3-nitrotoluene . . . ... e e 8091
2-Chlorophenol . ... . . e 8041, 8270, 8410
3-Chlorophenol . ... . e 8041
4-Chlorophenol . ... .. e 8041, 8410
4-Chloro-1,2-phenylenediaming . . ... . i e 8270
4-Chloro-1,3-phenylenediaming . . ... i e 8270
4-Chlorophenyl phenylether . ....... ... . ... . . . . . i 8111, 8270, 8410
2-Chlorophenyl 4-nitrophenyl ether . ... ... ... . . . e 8111
3-Chlorophenyl 4-nitrophenyl ether . ... ... ... . . . e 8111
4-Chlorophenyl 4-nitrophenyl ether ... ... ... . . . . . e 8111
o-Chlorophenyl thiourea . . .. ... ... e e 8325
Chloroprene (2-Chloro-1,3-butadiene) .. ........ ... ... . . i 8021, 8260
3-Chloropropionitrile .. ... .. . e e 8260
Chloropropham . ... .. e e 8321
Chloropropylate . . ... . e e e e e 8081
Chlorothalonil . ... ... . . e 8081
2-Chlorotoluene . . .. . o 8021, 8260
A-ChlorotolUENE . . . . . o 8021, 8260
ChlOrOXUION . . o e e e 8321
ChlOrpYIifOS . . . e e e 8141
Chlorpyrifos methyl . . ... e e 8141
Chrysene . ... .. . . 8100, 8270, 8275, 8310, 8410
CoUMAPNOS . ... e e 8141, 8270
CoUMANN DYES . .t e e e e 8321
P-Cresiding . . ... e e e 8270
0-Cresol (2-Methylphenol) ... ....... . .. . . 8041, 8270, 8410
m-Cresol (3-Methylphenol) . . . ... ... . 8041, 8270
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
p-Cresol (4-Methylphenol) ........... .. ... . .. . . . . .. 8041, 8270, 8275, 8410
Crotonaldehyde . . ........ .. . e 8015, 8260, 8315
CrotOXYPhoS ... e e 8141, 8270
CyCloheXanone . . ... ... e 8315
2-Cyclohexyl-4,6-dinitrophenol . .. ... ... ... . . . . e 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 . . ... ... e e 8321
DCM (Dichloromethane, Methylene chloride) . .......... ... ... ... ... ..... 8021, 8260
DO P A 8081
DCPA diacid . .. .. ... 8151
AADDD . . 8081, 8270
A A -DDE . .. . e 8081, 8270
A A -DDT .t 8081, 8270
DDVP (Dichlorvos, Dichlorovos) . .......... ... .. 8141, 8270, 8321
2,2'3,3'4,4'5,5',6,6'-Decachlorobiphenyl . ........ ... .. .. . . . . ... e 8275
DeCaANal . .. o 8315
Demeton-0, and Demeton-S . . .. . ..t 8141, 8270
2,4-D, ethylnexyl @ster . . ... e 8321
Diallate . ... . e 8081, 8270
Diamyl phthalate . .. ..... ... e e e 8061
2,4-DiaminotolUENe . . . . . o 8270
DIaZINON .t 8141
Dibenz(a,h)acriding . . ... .. e 8100
Dibenz(a,)acridine . . ... 8100, 8270
Dibenz(a,h)anthracene ........... ... . . . . . i 8100, 8270, 8275, 8310
7H-Dibenzo(c,g)carbazole ... ... . . e 8100
DIibenzofuran . . . ... 8270, 8275, 8410
DIbeNzZOo(@,€)PYrene . . . . e e 8100, 8270
Dibenzo(a,h)pyrene . ... .. e 8100
DIbeNzZO(@, ) PYrENE . . e 8100
Dibenzothiophene . . ... . e 8275
Dibromochloromethane (Chlorodibromomethane) ........................... 8021, 8260
1,2-Dibromo-3-chloropropane (DBCP) ... ... ... ... ... 8011, 8260, 8270
1,2-Dibromoethane (EDB, Ethylene dibromide) ........................ 8011, 8021, 8260
Dibromofluoromethane . .. ... .. i e 8260
Dibromomethane . . . .. ... 8021, 8260
2,6-Dibromo-4-nitroaniling . . . . . ... 8131
2,4-Dibromophenyl 4-nitrophenyl ether . . . . ... ... . . . 8111
Di-n-butyl phthalate . ........... ... ... . . . . e 8061, 8270, 8410
DicamMba . . . 8151, 8321
DIChlONE . . . 8081, 8270
3,4-Dichloroaniling . . . .. . . 8131
1,2-Dichlorobenzene ... .. ... ... .. 8021, 8121, 8260, 8270, 8410
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
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 . . ... ... . . e 8082, 8275
3,3-Dichlorobiphenyl . ... ... . e 8275
CiS-1,4-Dichloro-2-bUtene . . . . . . . . 8260
trans-1,4-Dichloro-2-bUtene . . . . . . . . o 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 .. ... ... e e 8141
Dichloromethane (DCM, Methylene chloride) .............. .. ... ... . ... ..... 8021, 8260
2,6-Dichloro-4-nitroaniline . . ... ... 8131
2,3-Dichloronitrobenzene . . . . . . . 8091
2,4-DichloronitrobENzene . . . . . . . 8091
3,5-Dichloronitrobenzene . . . . . . .. o 8091
3,4-DichloronitrobENzene . . . . . . . o 8091
2,5-Dichloronitrobenzene . . . . . . .. o 8091
2,3-Dichlorophenol ... .. .. e e 8041
2,4-Dichlorophenol . ... . . . e 8041, 8270, 8410
2,5-Dichlorophenol ... ... . e 8041
2,6-Dichlorophenol . ... . . e e 8041, 8270
3,4-Dichlorophenol . ... ... e 8041
3,5-Dichlorophenol . ... ... e 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 (DIichlorprop) . . .. oo it e e 8151, 8321
1,2-Dichloropropane . ... ... e 8021, 8260
1,3-Dichloropropane . ... ... e 8021, 8260
2,2-Dichloropropane . ... e e e 8021, 8260
1,3-Dichloro-2-propanol . . ......... .. . e 8021, 8260
1,1-Dichloropropene . ... . e 8021, 8260
Cis-1,3-Dichloropropene . . . ... . o e 8021, 8260
trans-1,3-Dichloropropene . ... . i e 8021, 8260
Dichlorovos (DDVP, Dichlorvos) ........... ... . . .. 8141, 8270, 8321
Dichlorprop (DIichloroprop) . . ..o oot e e 8151, 8321
Dichlorvos (DDVP, Dichlorovos) . .......... ... .. 8141, 8270, 8321
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TABLE 2-1. (Continued)

Analyte Applicable Method(s)
DICrotophos . . . .. 8141, 8270
3T (o) 8081
Dicyclohexyl phthalate . ... ... . . e e e 8061
19 1= o [T 8081, 8270
1,2,3,4-DiepoxXybutane . . ... ... e e 8260
Diesel range organics (DRO) . . ... .. i e e 8015, 8440
Diethylene glyCol . . . ... 8430
Diethyl ether .. ... . 8015, 8260
Diethyl phthalate . ............ ... . . . e 8061, 8270, 8410
Diethylstilbestrol . .. ... ... . 8270
Diethyl sulfate . ... e 8270
1,4-Difluorobenzene . .. ... .. e 8260
Dihexyl phthalate . .. ....... .. . e e e e e 8061
Dihydrosaffrole . ... ... ... 8270
Diisobutyl phthalate . . ... ... . . . . e e e e 8061
Dimethoate . .. ... ... 8141, 8270, 8321
3,3-Dimethoxybenzidine . ........... . . i e 8270, 8325
Dimethylaminoazobenzene . ... ... . . i 8270
2,5-Dimethylbenzaldehyde . . . ... ... . . e 8315
7,12-Dimethylbenz(a)anthracene . . .......... . . . i e e 8270
3,3-Dimethylbenzidine . . . . ... .. . e 8270, 8325
a,a-Dimethylphenethylamine . . ... ... ... . 8270
2,3-Dimethylphenol . ... ... . . . e e 8041
2,4-Dimethylphenol . ... ... . . . . . e e 8041, 8270
2,5-Dimethylphenol . ... ... . . e e 8041
2,6-Dimethylphenol . ... ... . . e 8041
3,4-Dimethylphenol . ... ... . . e 8041
Dimethyl phthalate . ... ........ . ... ... . . e 8061, 8270, 8410
DINItraMINg . .. e e e e 8091
2, 4-DIiNitroaniling . . . . .. .o 8131
1,2-D