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il 53 3eaY) e 4 sk 1) JSLEe (e JNEY) cIncubators
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Space utilization §/,al) JSaiule

M'&Cw‘)ﬂyuJ\}J\}Q\M\wuuddﬂ\@w\ d&u)wa
LS e Lald Jae daline Jarias 92V 5 colaala 31 cclil) aiai g jauzasi]
il jumat s a6l Vented laminar-flow hood adawl) @Ulayl 4 sl

Loy b_eall Jalaall 8 4ia pae o) gy dard) ol ¢y iS4 £ ) jall Ji cainall

o (B Az o3 (s ad Gl st e el et gl e gm0

A jal)
Laboratory bench area Jezall & Jaal) 3acaic daluae

opaaill bl dalie 5 Jillailly o 58 3 8 JS) Jaall aalin o i 2 5 55 oy
70 5 &) A 97-90 Walesl () 585 Jasll baaie ol 5 5 Jaadl 3acLusall Aaii¥)
OB (2 sS 5 Saall andll g dall Jie L sla (e (Al AdaZid 5, (Bac o 76-
e I (e (555 Baaiall medand Aailly g g L5 ) ans 80-75 (585 Bauaiall
, Inert Aela 555 0diia i) cobulall sl (o la e 5l ¢ (S sl il
Jasll mhauf die (S 35 Seams (5 sl (e 2 S8 Lg 5 JSTAl A i

420l 1000 (s> g3 8 (5 gae) Axdals e 3elia) Haas Working surface
Lux

Walls and floors ¢l ¥ s kil sl

O (5S3 ezl V) o puedai g adlaii Jeull (e aeli ¢ Dy slara () 5S5 dadl gl o 25U
Mia ezl sl ol Asphalt tile ilisd de 8 o Lid o yuill pile acli i

Work- area monitoring Jasl) dikaic 4.8 ya o

(JBY) o U e o) sedl o)y Jandl 35300 8 38U e e (5 gie o Lailay
3aaie il s Ajr density plates LSl 4806 46 yeal Sllal Jlexiul
alaainly ) RODAC plates &l Gl Jlexinls Le sl Bench Jasd)
e Gl eainal 2xe (Greenberg et al., 1967) Swab method <l
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A el sid) (85 entins 160 o ucs O i Y o) sl 3 AU a8 Gl
sy Jeall Buaie mhand Al 5 (283 15/3ka [ 5 jeziue 15) (a ja3 4380 15
all 138 e daadl o) 313 o) el A g Jame IS Coa U iGN a6 pma (5 ghose

Laboratory cleanliness Jaall 48Usi o

Lse elulall s duca \Y) Y (Benches  acaliall Juss s Jasall G je calats
Adls daian Joxiodd ¥ g iS5 Y ¢ _pdan Jglaey el 5 Allue dninny ()Y pasad

Jazall 58 (L e ¥ Jlaxina¥) 2ra 5 J8 jgdans gellay 5 Jeall 3aiaie mlass ey
il e ses

Laboratory Equipment and Jaxall 3 3gal g <l 930 (3
Instruments

el Jalid g 482l Jamivsall Cilaliad ae GBildaiy & 52¥1 (e ¢ 53 JS of ST

) el (e 5 LS it bl e 5 56 Y) Alpa liles (5 a3 Jalall 5

3 3] s Clanall 5 el S s Saall ¢ 3l sall (aIS 55 oD Al die (5 ya
i Jas 8 A 5l B sa Jasa Cllae Jasiy sobal elld (IS Ll (5 ALY
el b aSal) Al 48 jla)) Jasiia

8 ad) Jaaa il g / sia ga i) .

Thermometer/temperature-recording instruments

Wire i ga 5 Jlaxinds ) sel 6 IS Jaaall &l gal o € jia s jill 38y oyl
National Institute of Standards and Technology (NIST)

sl ;0 0.5¢) 3al Ay <l jia e 5 Jastand ddlall (il 230 | thermometer.
(B

0.2 M zox Hsera yiesa i Jantial ¢4y gie da 0 44,5 vie olpall slead dailly
5213 oS (B3 (B g il o () Jasall il Jas JH 51 4 50 A 50
Crmalag o slaa g a5 400 sel) liliaal) s B mls 5l slian 5 laa

O Zaills NIST (ol i g yill Wik gyl bt 1) 3 il dseilly
Glilcaall Jeay LiSas S Ladie | 53 jd ol dadld dilias & Jariin yia sa 53
lasle w35 i85l all Jsmaail ) jaials Jans 551all daal Jassas slsall cilalen
EgIEN|
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Balance & ! o

Jaaaill (53 ) sl Al lld g i )l lpaall g Jrlilll (8 paall Cilaglad il
Jshl 5l Lsin s ) saladl 5 duisi 5 )l deadll ) ja) 2 54 Top-loading s st
OV el alai aiaall (8 (e A8 dand g @l g JSLGe Ggan o Alad) i s
Cabai Jaall jod (e de giaall Juady s dacls 4 8 aloadiuly aladin gl a5 U8
Lab.  (lere g alaainly Jadus ll o) sall L J) 355 alasi) JS 22y 0 jpall 448
o yla 13 Jadla aladiily Ll gl o miia dsa p0d%n ) Jaall OIS 1Y) tisSUE
ziall 3 e alys a5 JSU Lt o ) il slatil Cangy g Sl

1 o J8 Aplny () a0 Janiadl (8l 5l ) a2 (5550 Al grim aladiinly Ly yed
sie o)y 0.1 Aoy Ol 3ae Jariiasl ¢ ST laaSl o) ja 10 5,38 Jea 2ic ) jaalle
o> 150 des
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KEY QUALITY CONTROL PRACTICES

) el losladl L 5 S

Item Action Frequency
Reagent water Monitor quality
Bench surface Monitor for contamination Weekly
Air in work place Monitor bacterial density Monthly
Thermometers Check accuracy Semiannually
Balances and weights Check accuracy Monthly
Balances Service and recalibrate Annually
pH meter Standardize Each use
Check against another meter Monthly
Media- dispersing apparatus | Check volume accuracy Each use
Hot air oven Check performance Monthly
Autoclave Check performance Each use
Refrigerator Check temperature Daily
Freezer Check temperature Daily
Defrost Semiannually
Membrane filtration Check for leaks and surface Each use
equipment scratches
UV lamps Test with UV meter Quarterly
Biohazard hood Monitor air and UV lamps Monthly
Inspect for air flow Quarterly
Incubator Check temperature Twice daily
Microscope Clean optics and stage Each use
Glassware Inspect for cleanliness, chips, and | Each use
etching Each batch
CheckpH _ Annually
Conduct inhibitory residue test
Dilution water bottles Check pH and volume Each use
Media Check pH and appearance Each use
Autoclave Check performance Weekly
Plate counts Perform duplicate analyses Weekly
Repeat counts Monthly
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pH meter ce s ol JaS0A bl ) (uliia o

Ol Gl Cpal slaa e (ol e Jaation Gl LAY (e Alud JS
dalladll 5 ) jall e il ol e 5 10 s 7¢ 4 pH i Standard buffers
St Jlamily | jaut g g il ey 8 Lol 5, L o5 ) dpalial) dpnl
Digital <&, pH meter alaaiul daiy pH (ul@) Al

Water purification system slsall 4,855 Ui o

i el sabia 8 A je Cilaa g e 3 jle (o4 g sbial) A8HL B IS Ay it Akl aa
Ll Activated carbon hadidl (s SIb dallas ¢ Prefiltration e
Reverse 0smosis ~Se zalii ¢ Mixed bed resing <l )l (e Jaila
.Reagent grade water z&Y Final filtration Al zed 5 adad ookl as
allan e Al 5 e s Cpa el IS 13 S iy of (S ol 51 e
e i) i ) ) Jaas Al ki 2030 Aaleal) o) gall 113 uiSall eaalicly
Near exhaustion Jadiall ¢y s SI sf il 51 Jad elaiil o i in obaall (e
Y A ) Gl S any Jsihe e said e due i) sl Nivie

i aed () aadaiesd Al 5 (Y) dalie Deionization components

L&l 5351 lon exchange resin <l Y1 4 3) cilasil ) Regenerate

4y 35 dadl 523 5 (uS 53 20 V) Reagent grade water ¢35 Y
Adina slaall i) o3 )l W 6 545 Ultraviolet unit

Conductivity 2 eS Jsa sill ubies Lia sy sl ) paiuly AUl slual) GBI
i e gt gl Al Jadiud 3 sl jealiall (J8Y) e b giw (Jadaill s meter
(rerioaal slaall e iy Janiall] (530 o aaiag 138 5) daicadl dgall s (oo s
LS e A sl e Jpanll e e OIS 13 il il (e geay WS

0.22 458 i Membrane filter Slie iy JA daiid) sbual i
(OSSN Sl AN 3Y (5 Saa
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Still water 5_kial) olsall

gl an o an Lgaal s 5 Al g Bl B Hall (e ole i a3l 3 gl

»2 Corrosion, leaching, and fouling < skl ¢ Las ;¥ (SN & gany

A1) ) ) 3eliS Jy 3y il andanil) g Apuiall Ailuaally Ld aSail) (Say YIS
Ly Bhas 3 yhaial) sl | 3 patall 4 gandl o) gl o 20lAl ol 3l Jy e Y oS0

L a1 (g 83l ) abiatial Carag ¢ 3300 aa (NH3) Lisal s 558 e (5 5ias
slaall HaasS Softened water 5 e sl Jasiasl 6l s¢l (3o 52 S 2T 3l
oabiil) Slea cadais Drain sball g 81 juladill Slea caplawi ) S5 e JOEY)
ARy 5 aadll Cilagdedl Wl o) 33l

Reverse 0smosis units (RO) (osal) ualitl) cilas g

e Se ol el 3 5 Ahane Sl (0 Rl el i) o S
¥ L el 50 (a1 0690 s 58 lim sl o3 ol il LS L
lan g SV aladiu) Ass o g5 Saall Jallall el acalil) olpe Jani
e il mad el o s oW1 A 3) 8 sl il () o) usSiad) el
lon-exchange resin 4z sY) CYaluall il g auSall ezl ¢ Aol
Al Slaa (A pa

Media dispensing apparatus <l &) ¢ Jilus

‘).LIA.\!"\_I\J.IJSCAC‘)JA Dl (:\M.\.ic_u}ﬂ\ 'é..\;).i:u;‘)).d\ (”)A;“MJLM‘
ce).\l\ JYC E)Aw)ﬁ\ em'&h)j\ il \A\ d.ajlan Jaxll d»‘-}\-")jﬁjejﬁl“
iy yuill mlial Calaill ¢ 5 sall A Reagent grade sball (e S aaa i
(rostll Jard) Al an 5 pilan sl oY1 3 ) S pall Bl 1l <] _eaks
axd Caia s Reagent water e si (s ol calail (Juel col 3al ) Sleal)
e S350 B e ol picadl cilagdadl s ) Y1 ubricate
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Hot-air oven cALwdl &) gl ¢y 2

il all Blea ol adilpall day 15 o) sun Ul aladiuly ) sed 3 JS elaY) sl
da 1 8, Spore strips or spore suspensions (Bacillus.subtilis)

ada il Jariad il Javs 5 43530 180 — 160 Jloe die (383 yia sa sis 3 ) all
Ui 3 ga Y el ddlae daia (jd Heat-indicating tape ) ) ol

ﬁ&aﬂ‘ EJ\)AJ
Autoclave <ids g ¢Y)

e sie sa yi Jazinad 353 S0 e 3l 5 Jacall ¢ ) jall ciaiaall Lo Jas
Lged ool A1 yia ga sy ((oadl [U8) Lo gl Jianill 5 ) ja Jasial | Jussi
3 sall 48 jral 3 5) all (gl Jay pd Janind il ) Ll o jal) 3laa ol oy yi
(LAl 051 a3 Gash ) Leaiad o3 Al

Refrigerators <l

@Ju\&_}.&\ju.:mb)@i%)\ﬂ\uh}uyi‘)\)ﬂ\bjdd;ujucu&s\
e zlia ) LadS ZaD & ¢ oSiall Bl Qs Aa DN 3 35 Al o sall e
0565 3 .dS (oAl 3 yid Galads Al 4 Al 3 sall e alas

Freezer _Jjal

i ae Javsay yia sa i aladial s all (e L sa Bl padl Jas s ial
Gl 5 (3 5Saal) lil) Jly 43531 3 sal) e oyl i€) y Ciia Alarm i)
(025 B 5 s Al o) sall G el 56l 6 JS ) )

Membrane filtration equipment Sbdad) gl A1 Slga

el (a3 13) clas gl mial o puaill o 558 5 Slead) (S Jlexina¥) U8
e S (35 8 Jlead) Gl aladiu¥l aey s Slead) caladl g Jue | A
NS5V B e g JSUie e sle g dama ol agiia gl 35 (B sl ol
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Ultraviolet sterilization lamps dsadi; (§5dll dad¥ly aiadl) Cilpal o

pia J ) J sy Al (ilad dadad Jlaniay laalll (ol g )yl Bas ) iy
%70 Cro Bl auti il 13 Joniass 5 Ay (358 AidV) (B e L e Al

Oz s) o AREA IS (e (5 s D olpe Led Cana ye 13) 5l L 8 Jal g
At G il e (82 318 9699 Bl 52 Lgndl % o5 5 saxions 250 — 200

(i sili 254) 3 _ymaail) il gall 3 Lpmnsdial) (558 423V (f a2 ) e 1 jpdai *
e sl SIS ¢ (iasili 365 ) A shall s gl il lli (a3 shad ST Ll g jna
clie as) (Schmitz et al., 1994) 4 8 4ik je (A 5 Adall g cpall o of Sy

Ay (55l 423U (2 ol g0 Al

Biohazard hood ¢t dinls

Lo oo Aaladl o Lelatul 5 Lty 3 L el 5 Lo i)
O Aol 3ad Al (e el o) 5d) Plate count agar JaY) (e @l
ClS 1Y) Al e gai Y ) sl Hiia) g delu 48 sadd 4 sie da 0 35 die 3LkY)
J5aSs Jlie (alady Uy yed laalas o ity (§ o) 223 ladd @l (las Jopd A<
DR Bl (e st LS il g L) 5 8 iy claalll 3 e (R3S J i)
osbl Jnkall 480 pe Al g Jarial ) 5 3 IS o) sedl lpusd) Jama 5 o puaill A3l
3 WS Alpall HEPA & sl (e bl culd A<l Janiasd A< ¢ o 30 1S

Water bath incubator (lall aleal) &l

0.5 -/+ 35 4a 0 2ie <l HLEAY) 5l sa aad Al alaal) dilias of (e U

¢ el pleall (8 (s saia aulia fia sa gy Laifinl 45 0.2 -/+ 44.5 5l 4 5k
daaia yia ga i Janinad 13) V) (Ledall am 5 lalus) Lae 5 8,0 sadl oy 81
hre Gara (e Axiiaal) bl Jal ga Jad Jasil | )2) alas ae Javssa

13 alead) Juady 5 aall g JSUI A glia o) go ol ) it Gl celinlll
oY) zlial oIS alealdl Calas | o) Leall Uil
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Incubator (air or water jacketed) slwall gi &) ggdly Ailaall o

) La sy (o e 31 pad) Jaas 5 ST A gllaall Cppanill 5 ) s s dilizasl) (o S
slo 8 Bladl s 3330 ()33 Guasa ¢ oala ) sie ge i Jantiad 13 (Ledall 25 lalaa
At e avsay omile e s i Qi i) Jadl | Gl adle () (ol

Ay da 0 27 16 on e Wd)l s Al 4 diliaall )l

Microscopes <l sSu g Suall o

JS 2 Stage gl s Gluaall Cadasil | ens paper gala B Jeatiul
o) ) i rand) AR5 ade Al 8 Sy Saall et Jlantiad
4wl 8, . Fluorescence microscope < sSw s Saa i) sldl) Jlaatinly
o Lgeladl (5 si2a 288 G gan vie Lglasiual g ¢ gudall (ubiiay G oS g Sl
el Gnalll Jlasiia)
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Laboratory Suppliesdesall & g (4

Glassware <sgla il =

oUaal il Cadadll cilala 3 i) ald doays cilala 3l sl cJlaniad JS U8
b ) 48 ghadie ddla 13 58 Lo JS aaind 5 (3) 520l s Screw-capped L s 52l
Jaall ddlata &gl g (B gudl u)ussuuuu\uS@ﬁM\aM d-mui}mé;b
Lebug dlad Joual) ay Cilala 31 8 olae eS8 s 55 (andl 33 ) Lgie iy

i)y 5 pem cnen Aadatll lala 50 e A1 ¢ LEaY) el

PH G2 Y sl S8 allad) () 38 S daa) 1o o

il a1 (e (s g eI il 3 conaall e il s (mns
o ol a5 IS 3 Al i 553 5l S 50 ) U

% 0.4 Jslae (e <l plad - s Cial aslall i g 5l LWa cbaala 30 LY

LaYy ,al dib i si Bromothymol blue (BTB) sk Jisasisas s Jalall (ya
el Lo 1) (8 pemda — G50 45 S BTB .ol

0.1 Jslae (e Jle 16 caal ¢ shy J iy g g g0 Jidd (10 900.4 Jslaa ypani]
Reagent ol Jl 250 I <ais s BTB alua 0.1 4 oSl s guall (e 5 ke
.water

Inhibitory substances saill Aaila 3 gall Lley JL33) @

clilaidl ol Wetting agents 3 _al) ol sall (s — a5 clbala 3l e
eill Baad 3l g (e (5 gia Ly Glaala H dawe & Jeaiisd ) Detergents
Sl cpali s L JEYI AN Y zliss s Bactericidal s« e sl Bacteriostatic
Go uia g s Jlantind Jis Lgin JLEAY) b jal 5 50 12-6 cabadll ) Leia

3l gall La W Sl Camy sl sl Jand) Al S iudl) il 13) ciladaial)
Lol laala 3l L) 8 Leltantind ¢Sy Al 5 206N 48l s saill Zailal
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44, jlal)
Ade ganall Lele 3l s Janall b i s Lol ks (s s Gl 6 il 5 Juac)

Reagent water ¢ aalliie o) 32l 3 30 12 Caladl ¢ Gaw LS (5 5 Gkl 6 Juc!
Bie senal Ledle 3l

Calai ¢ 5 g (Jariosal) 58 i) Caliia 4y Jpuid slay (5 i 3Lkl 6 Caas]
. C e sandll Lale (3lhal 5 il

Al 2l A, B, C e senall bl s

de ganall lgdle (llal 5 dadre cliindly 3Lkl 6 33 ¢ el A8l AL HLERY
JSisD

46 xie Sl alaa 8 lasal s Plate count agar 4w (e Jle 200 ade 5 pas
Ay e da 0

CrsSisan 5 150 — 50 e 4 sise E. aerogenes LS (e )i pias
Gkl 3 (sl Jlaain¥l U sasll s 43540 5 Colony forming unit <l sl
Galadal O 5 2y 5 Ao ) 3l (e Jle 1 iy D A e sanall (e S (10

ao A g i i) L Sl aa A 5 el 45y plall 3k g Jle 0.1 6e; el (5 AY)
Aclu 48 52l 45 510 A 50 35 2ie (juaadll

Interpretation of results gotiill yawds

055 Of aa D (A A (e e saaall Lkl 8 2lae V) o gie 8 CaOUAY) gl
Jal lac ) dass sia 8 clBaY) B Al 0 ellia (5 113 0515 (e B
e Ju C 5 A dle sanall (0 %15 e 1S5 B 5 A e sanall G %15 O
D sB ol s )l duesd) JMA e 2 35 Jidll dda 4l Calaidl
LSl AE e aa) 55 jeda 9615 (e S
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Utensils and containers for media i) juaail ciy gladl g ) oY) =
preparation

it alisins < Borosilicate <\l s ) sall zla 3 (e il sladl 5 35N Janiial
L) 315 Qi Y JSUL e laall o sal) (ga Loy sl saia gl

Reagent grade 4s sl ¢y sLual) =

Ailia s aaSueall AUl Coen CRERT oliall 3 kit (yo Lesle Jemniall slsal) dse 53
o HEAY) 8 Janins 3 5 sUiiall lpall e 531 Al giial) 3 gaall
Jsaall 8 Helas Reagent grade dus ol o 5 Sl

QUALITY OF REAGENT WATER USED IN MICROBIOLOGY TESTING

Test

Monitoring
Frequency

Limit

Chemical tests:

Conductivity Continuously > 0.5 megohms resistance or < 2
or with each pmhos / cm at
use 25°C

pH With each use 5.5-7.5 mg/l

Total organic carbon Monthly < 1.0 mg/l

Heavy metals, single

(Cd, Cr, Cu, Ni, Pb, and Zn) Annually” < 0.05 mg/l

Heavy metals total Annually” <0.1 mg/l

Ammonia / organic nitrogen Monthly < 0.1 mg/l

Total chlorine residual Monthly or <0.01 mg/l

Bacteriological tests:
Heterotrophic Plate Count

Water quality test

Use test

with each use

Monthly

Annually and

for a new source

3 months

<1000 cfu/mL

0.8 -3 ratio

Student’s t<2.78

+Or more frequently if there is a problem.

‘_AsGAA\CA.AJJM\mwﬁjﬁﬁ\djdé\@ow\w\ﬁ@%eﬂ\dj
2y Gy (8 s A8 jaie ] 8 plac) g slaiall sbiall pH (il 8 <l (10 a2 )
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olaall 4 ol gy S Ao 5l Y33 o

DAL gl L SO i e aaiay LAY 4 5ill Reagent grade e sill (e
saill dac aall ol sl B Lgs 43 8 Enterobacter aerogenes i s

g s saill daniia sala o) Al 32l 2935 . Minimal growth medium

v ST 5l 0 20 ey palill 50l 30 Aol 24 any il (5 Sl adinall e
oo i) e olaall yaian SIS Y e Ui JEAY) (5 yag, JsisIl 4l
Axlilas Al allin )5Sy Ladie 5 ¢ a3 38 Reagent grade

ST zling ol ) Jem e Ll 55 63 53 Jlen Gl zling 5 cdina JLIAY)
45008 a5 co il e (Y o5 5SS Ultrapure 'l 466 olsa s « 4 4 cyo
oln JLEAY) W e s cilalall LERY) il s il Gkl cdlexiaall 51 sall

sis ol sl 8 jilee ey o S Y g el f all lan
Apparatus and material <) 3% g 2 gl

o ki dlas by calail 5 Borosilicate Sl s ) sall ¢ 68 (30 Slaala I Jaial
DLl asiadll ¢ Aaladin) Ji ) 8 B alne ala ) kb Slea 4 Redistilled

L ey A dpulin daald 45 oy dabaial) <ol o) Gl gl ey (i s
Al Cualiall (g s eciboalall 5 ecanliY) ¢ sl cdipal) dala 4l e
IMVIC Sl i) milis aad o o 8l b 53 (e A () a2l 3aas Slala )
Al clalie i ol e (e leale Juasy (E. aerogenes) - - + +
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Reagents 443!

iy o Sae JiaW) dpulin ACS B sl (a i shasll 5 A1) L Lot
oala ) sl Jlea e Ui o yuladi dlae cla (8 ALY juaa i)

<l fiw al s 0.29 3 :Sodium citrate solution agsgall < fu Jslaa
sla e 500 A Na3 C6 H6 O7 —2 H20  agasall

& 0.26 <23 :Ammonium sulfate solution asise¥) il S J slaa
e UL 500 & (NH4 )2 SO4 o 555 531 s S

iy S 2 320,26 <3 Salt-mixture solution g%y Jaglia J glaa
:CaCl2 2H20 asedlS 3,8 2l s 0.17:MgSO4 .7 H2 O il
alua 2.5 ¢Ferrous sulfate FeSO4 .7H20 Jsuaall &l < 0l )2 0.23

sl JL 500 & NaCl 529 268

Jslaall (e 2 1) :Phosphate buffer solution aliiel) cili gil) J slaa
Stock solution

Jl 500 -2 KH2 PO4 (i 5aY) AU a5 o saili 53 0l ja 34 i3l juany
13 peall (e Jla 53 1 Jstae Jlanins 0.5 -/+ 7.2 2ie pH bascay s yhaia el
2 Jolaa Jla 5 ¢l 1.25 caal | yhata slay 511 ) caidy 54 <))

el el ) (Lhiall elall (e 5illl 8 MQCI2 . 6 H20 ol s 8.1) asamicall
sla 32511 Aoy 130 aidy | Hhaddl)

Glala ) 8 bl 8 Ay peadl) LAY Jisl 438 2 ) 1 AaY) Jillas S e
IS Ui Laiad JLia) e il puadl 4y 5ia Aa 50 5 aie oUall d Jada 5 Aaing
s ey aa ) saaad) il ol 5 — 3 J3A 3 )Sal) sy o il 5 Jlani)
3eSll Canal cdadall Jlasia 5 Jashall (p3aall 5 saaall ¢y 52 =Y daslae
3l dalle Jallaall (e alis Uipas dlaall 55 paaall dpasdl =~ Olel 4l

Se mual 1) alaiall il sdll J slas e palad dpas Jidlae s
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Gliald)

¢l J 58S 5 Reagent water Jl 200 ) 150 aas) JLiaY) cilve juaad]
2 A 1 5aal a5 alaall GlSala s ) sall a5 e (39 (A (Labaiill) Balae ole)
Al @l il aiad Jyshall ldad) caiad A3

43, bl

Y2 el e Caal B ) A e s Lo 5l il (51505 38 -
Jsaall (8 (e 98 LS (3550 S ) o ykai 2l cle s Media reagents <l
Sl

REAGENT ADDITIONS FOR WATER QUALITY TEST

Control Test Optional Tests
mL mL
Media Reagents Test Carbon/ Nitrogen Nitrogen | Carbon
Control Water Available Source Source E
A B C D
Sodium citrate solution 2.5 2.5 - 2.5 -
Ammonium sulphate
solution 2.5 2.5 - - 2.5
Salt — mixture solution 2.5 25 2.5 2.5 2.5
Phosphate buffer
(7.3+£0.1) 15 15 15 15 15
Unknown water - 21.0 21.0 21.0 21.0
Redistilled water 21.0 - 5.0 2.5 2.5
Total volume 30.0 30.0 30.0 30.0 30.0

4l 80 — 30 (e (s sim 392 IS o Cusy E. aerogenes b iSs (e Glae ol
ey inconsistent  4ailite caws ) (533 Jlgall 138 (00 Ji LA d8S L/
Cae) b oudal) sbual) & cilbdaall Lpnbiall ads ) g2 Jlof 214 100 (e el

S e dlel e sbe KK Se 3 Jueindy Initial count  hal 222l

-36 -



WWM-gtz oaall Co peall 5 olaall o il zali Y zalil-olaall L sl s s Saa

(e 3V sl (e | Plate count agar 4w JS () cibay g L iSO G sise (3 90
JS 0o LSl g e pal Al 2 f+aclu 24 5ad s 35 e B YA
.Jk 0.0001 <0.001 <0.01 ¢ 0.1 ¢1 e’ Jlaaialy ¢(3 90

a8 kil sliall daulia (g3 Jlial Jaad Galull asall (8- i) Blas jacass
<usy Nutrient agar slant Jibe s Jlal e jin g ) 58U i) (e AL
X 125 (lie o g D8 plaiy il (8 Gl g 0 6.3 ) sa 4l sha o sy
Aels 24 — 18 (eats ) phas o Joaita ald haatl (i) (a3 ae -16
A 5 35 e

e dle 2 I 1 4alall 35 - Harvesting of viable cells asdl LAY aas
— 18 W jee Al ALl e 3all e 4adial 5 (Water blank) dciaal cadail ol
Aclu 24

c;%gﬂ\#@&w\)\;y\ﬂ\hgﬁuy\ckués}Aﬂ\wéh.qdm;\
. Blank asall cWall

1 dds Jeel L 4 Dilution of bacterial suspension L siSall (3las casds
Aalasll g JAT100 11 sy o A asie sle (B 4la¥l dala 31 0 100 :
JS 4 (100000 : 1) &l N il (e Jla 1 Caal dalay 4las JS g 3ad 5 ¢
80 I 30 Jlsall (8 L Sl Al Cadanll 21w 35 Hhall 028 5 B A (0 552
DRV Jslae e e/ da A0a

O CRY) L SV erification of bacterial density LSl aliS asls

o Bl a3 ) dalisa s il Ailia ol LS 5 ¢ S s (pa YL
30 3 Lo i RS e ) sl i) 2 e s s g Ll (0]
S nse: sthaall gl Jie le- swand) 382 S (e B ks 80 —

AU il G Capddsll e Plate counts e oSl aall (e dlde jal ¢pna

Lo (530 Caid Latie sl o I Cabitl) 138 (po il amal sl Ly S0
e /im0 80 11 30 ssiny Cism B I A Gl b
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Procedural difficulties 4%kl celas

Caumaa zla ) sl (8 eldl Ao (50330 ) aa 5 Lay ) A3y Hhall o2a 8 JSLAI —
Glass containers 4l 4y s (52 ala ) S5l (A 5l cumia sOft-glass
¢ Samall ¢ Uazll without liners

w5l Analytical-reagent grade caed diVall jucasil <y e Jlasind
s Jany el i) L iS5 4y ks clay Reagents AaY1 &li ¢ s daicas
«Suitability test dee¥all jlisl ¢l al J& Media reagents JS ¢s i
(Stock solution axa )l Jsaall &uli e (e

Capgad)) LA 8 BEAY) o LS e el 5SS e Jeanll & Jidl
¢ 3lbY) caua 8 alill g lu 24 die 5,85 e e Jpanll Janiod)
el Jaamd dpulis Calaza) ) 5358 ddelu 24 e Guianill 3aadaly )
Desensitized growth response.
saill adad ol cabgi ) 3 gall il
Bé‘)jﬂ\’&/&"_i\fﬂuml\dds

Aé)j..ﬂ\ cLﬂA/Q\M\ e

el i3 3 50 25n5 ¢65 0.8 G Bl At Shalis s 3 g 3 1.2 1) 0.8 s
Al olga B

 sadl) Claand GIAL ¢ g3 S 9 a9 il Ay
CLBJJJS‘ cdlq/&_t\f:_"\.umj\ e

_______________________________ = il
Aé)j..ﬂ\ cLﬂA/Q\M\ e
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(ol aady juaas (s g il

Dé)}ﬂ\ 6&/&"_1\‘)4&1@\.33‘;
_______________________________ = il

Aé_)}ﬂ\ ‘&/Q\M\ e
T A gadl pandiaS ¢ g Sl Al

Ed)}ﬂ\&d&.«/&\)@mﬂd&
_______________________________ = duuil)

Aé)}ﬂ\ 6&/&"_1\‘)4&1@\.33‘;

e Aall Canll s3gd alus Jod 5V il et Laxie 5 A1 o DN a8 Y
LS gl jamcasa g Ju 1.2 (e

Interpretation of results gtidll s

e Minw s da n35ac el 24 — 20 2 A G5 sl (e Gl pariisall dae
D g S gl (e A5 A G sall (B sl gl ) ) 3 Al lilsl) sae
Cre 33 yaie dbudes JST 3550l A Gosall ¢JoyiS al ol 131 clamind )
LJ}JH\C'.:;E)'g.'\:\;}ﬁ\J’.’\S\.}j),}ﬁ\C)Aﬁvwdﬂw\géd\é“ﬂﬂ@)_&b\,ﬁiy‘
Jilaie Lol g 50 (sSs Lerie i le aa () (580 0f a3k aaad) ¢ Lgala Al

el dpilly S0 Cileaal 3 (s )5S0 80 () 30 (e SVl g 50 3 LA
ald (Al Ol i saill Jaxae of 1 jlie ) G salIA G sall b O siaall LaY)
Lo 0SB s A Gl sall 8 Initial (e & jerisal 22e o sl

(5 sluila

Gl Ay ey oaal sia seill dnadiall ol sall (o (2538 1.2 G Al 2 3 Ladie
aild (elld ma s Aladl) Al gl 3ol 8 s (5 e Led 3 Aauaill g las Alien 4y ylall 23
gyl il LC, D, E@i)al iV 3 51.2 om b dall culs 1)

RIHEN

1.2 00 il A A (Sm E 5D Gusdls das Gaidia S C Gusll sale
s seill Baaall Jalsall 1 1.2 50.8 e A Gl B sl (Al ¢ 588 Ladie
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Wi gl 3 g o Cpm g iil) 4paS (g umall 50 S5 o s il o8 A Gyl
Sl e 1.2 e el D sl (o Al 3 35 O (S (5 5me 0308 05
Gl (2 1.2 e el i any G (S (508D (e e 31855 an (g gyl
12 50805A, B omivsi e E

538 5 cdalis 3 50 e (g gind oliadl o e Juy elld (3 0.8 (e J81 dand)) () 5S8 Ladie
A8y Hlall 3 ja s e s 98 WSy A gannall Joadll e 3 al) JS Jadis Al
Lge ya pe ddle (1503 N 1.2 e o) S Al

elhdl 3 ga 5 (e duald g sk 8 Ly (o sy OF Sy B2 o) Jilu g aa 53 Y

@\f&n)ﬁﬁﬂ\iﬁywﬁeﬁ\c&c!g*cﬂﬁg_g )M\J\.@A‘_g
aall e 7Sall sy g 530 Lusall 5yLial) slpall J 5l 5 il

lls CulS 13 0 53 S e ya s i sV A 3 dgee DA i Lle jlaall 45055 ol
W Llgual) CulS 13 ) i 4y gazanll 58 5 4y gaianll Gl glall alizs B 3aacY)
AU siiall slbia (e s gaal Loy g A ) 5 Al olaal)

Sl Sl e lSiligy0 b 30580 la 5 (g Ao sl ulail) plas Jad

¢ i alilins il Clia ) 40 (om0 Y panailly Jalall (e laall ol
PVC 2,58 dsid Jsll e de sime dala Sl il 5l Sl s 55 2l
A (e Lan) 5 i alilins ) A Jasiiaal

Distilled water o_kiall slual) =
Sensitivity test dswluall JL33) o

[ ol anse 0.5 (A Al il (8 63 jlaial) sbuall dpand uliaS ulail) 331 13)
5kl byl Aie g0 il
4ildal) clad yal) ccilind) ¢ Reagent grade water axds jLid) =

Membrane filters

Reagent sliall das jaias ol édliall clad yall cclinll (e aa Jagl 2 5 Ladie
JP}AX\L}H\ U:\.:A_:‘)EAU_':\JL:E;\ B co\_mﬂd'}:.u JLLIALS)\ Jlaxin S water
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43, bl

dc 53155 kia 5l Redistilled W ki das) CONrol s e ole Jaxii
A O 3 sall el pue o dlie Clad e «luala 3 ¢ Deionized < s2Y)
Al all cad g Lalae (5 AY) Ol purdiall 8 aSaill

zd i 5l Pour or spread plate 4sdavde ) ol & suae GLbal <l sl sl
Llll sa s yidallaglllg 2a yall b glll e SIS Je Membrane filter Slie
OSardon e olie Ciliie dued e 508 dalad Jae ) ¢ ol a5 L alasind o ) )
GLECY Al 33l 3l 5 AT clie 5 (Jilaill e Replicate < ) Se sl
(o5l 5 s all) a5l ABERY)

axa je sl Jlexiuls in parallel 4 2 Gl JLaa) jal cludl jalas 45 jlia die
ccalatll cCadatl ) LAY L Alexiveall slaal) JS1 32 jiia 3 iidall oluall 5

(e s il jumas
el any -alaad) g andl

oo bl Ca pay (s AT AGa f Inhibition seill aie 35 5 daws Slal
Slac ) s cladsay)

aile sl e Jsa Jle 100 s Jle /3 jiie 20 JS a5 GldaY) ae
Ol gaall Gianil) cpa (d) GUA ) o sl (e DAST (3 5ale (8 il pua
LAY o3gd i) il iV 5 (d -) dasssiall ¢ - 5l 4 Aadle aua g dne (S
. Standard deviation ( sd)

0 Gluad) aae Jlexinl Student’s t static <o)
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sl
4l 45 )lsall Student t Jslas (e 4ol critical sl tdad Jastinl
Sla 14 ) Glise Tusedl 278 Aasill o2 0.5 (5 sine (5 siuse Nie 1y susnal
hes ¥ bl i el ixa (32,78 e 2 3 Y A gl £ Al il 1Y) (L a
Jsa pidall paallda glll ) oS5 5 45 gina (398 D il
A sine CUEERT b il Jaad cilda gl 2,78 (e 3 5 Ay gunall A S 13
) el h gl il e 2y 3 i) T sl A gl £ dad S 1) L
sl (1 30855 ) Laaanis J81 ()55 (test [ot) aadl Ja sl (8 (( oz sall ol Jlasins!
e Ak ale s ) smy Leaa Jil 5 Atypical 4mdsai st & pexiusal) cailS 1)
QLAY Sy LAYl Cagyha aal 32,78 (e 2k Student’s T« idall Ll
DAL e duasy s pidall gl (= 5 (San s
Reagents J¥al)
Jerina) Age gill (a5 O ang e ol a5 5Saall Ol SLERY) 3 YA Ay
JiE o) ¢Sy il 80 (Y Al 8 Ll L 5T ACS e il (g il sl
o) iy thaall Jelél slhe) axe ) a5 8 5l ccibdia jasi gl L Sl
SV VA pean 5 ye JsY i Ladie Gl 5 laag s die JiVall i il el e
eliudl clala ) A oAl Lelasl s Volumetric flasks 4 bee (350 (8 aaall
o sl Al ) 50 elany ASlu g 5 3 zla ) o s ¢ 55 (0 Inert plastic dels
5 ¢ S il el 5 ) JiVAl e (ST aSae Srindly et gl Sl bl
manilly olE (e sl ¢ el

Dyes and stains <liual) =
Selective AUl JalaS 43 guanll Sy slasSll Jantind daa o) g 5 jSaall Ol b
LIS 5l Jss «(Brrillient green o s ik ) Jie) agent
428 5 (Phenol red lactose 55SY ) Jsié Jis ) Indicators
Crsall e a8 (Al Clasall Gram stain) ol s dxua Jie daadlsn s S
¢ GhsAMALE Hoall o) gall coniat ¢ Aapall dpi (& AT ) Ja sl (e CaliS ) gy lail)
O i A s s pSad) ml 2 V1 pasies Al i) (Y 5 ALLAY) sl
Lad Joxtina) Aagaa e il 430 0 <5 O Cang WS (ma 58 5 <ld 0683
. Biological Stain Commission (x4 sacaall Cilasall
A5 Ran gede 3o g JBY) o a3 ) U8 A 5l g S Clapall i)
N o 485 20 il
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Membrane filters and pads it sl g dxibdal) clad jall

S L}ﬂ\ MSJLA\ c&}ﬂ\ ct\..a.d\&_\u;:\éﬂ.uﬂ\ &L\\A&)A\ a;lss*gz\%{:yuﬁ;i
A Gy caSadll Ae

L 8 65 O Guag olyal) Jalad b daadlieeal) dilu gl g dpilall clad sall
-4l clda) 1N

e 47 () el ks
05055 0.45 gl i

Ol e Jai 3 Ll giad) 238 13) Janiass ey y o sl alaal s Joad) i yall
IV e 015050 0.45 sl 5 ae 47 Skl culd @l (e Juadl (o gl 36
8 sSE O ang eyl dalise (10 9 70

S PNV g QNS = I ION | et «Reagent water e cilad jall ek Ladic
adi e dila 3lbie o5 A5 15 M4

Nie Qawfdadall/ e 55 J8Y) e cilas yall IS4 Flow rates cbes) &Y aes
haliil) Laruall 5 4y i da 1 25
. KPa 93 Differential pressure

Lyl 40A ¢ paill s ol a3 sl (0 AaA ol Ll L ()5S0 Y il
53 53 gall A Sl YA e wa s pdlie e ol 8 pdlae 48 ke AT ) 3 gall (e
o] ) o ol ol e (o€ 5ilal) st g8 aniiuaal) sl eclind) 3

o B e 05 90 0155 o cean cilas ol e et Al ekl slacY)
Spread plates adasdl 2 &l 48 yhay asa Gkl dsed o 23ell o) Tass il
DY) Ay 5 Al (e aaall Gl Jlaxinly g

LS Glas (e Jle 100 (e LS aat Cilad )
Ada 310 e ssia Serratia marcesens

334l ele Jle 100 (A e yall e 2306 2.5 o w3 Y b jall Sl i)
Sl Gy ) dean g e ectiag iy 20
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2 pabaial) 3 )38 can 0.8 clandl can 47 W ,k8 Absorbent pad “alall salugll -
.Endo broth 3% (s (e L 0.2 -/+

50 S 3 ) s Ao 5 yae A0S dia senll (e aae 1 e B 2 A5 Pads Sl -
NaOH 45l s seall (4o Jlay 58 0.02 aladiuly Jabad Lexie Ca CO3 - psandlS
.Phenolphthalein - ¢t Jsidl) ae

da )2 121 vie agieilly Jlii Y () sy iz e dualall 3ol ol 5 e yall QIS 1) -

(B yas Axaiiia B3l sll 5 i yall aua g die gaill iy asiacll ST (33083 10 52a) 4, 5ia

Tryptone glucose extract broth or agar S sls o s il Galiius sl
Aelu 24 50d 45 da 335 e Guimail

Standard \tests 4xbdal) clad yall Jo g ol Al Al @l il L3dY) o

Recovery s3iwy! 5 Retention sl audil dulall <l Lady)
Geldreich, 1971, ASTM, ) Sbiall zd jell Gl Jama cpadA5LY)
(1977

Jelail dalie Lpde V) o 2 g zlia¥W) e JST Jpaldl (558 0 Gamieaal) (iany
Bl dass cpH il cbanidY) Jana e 8l Hlad ¢ Glatial) ayeas oWl
2l 4y guianll yie g4y gaianll ol galls (235 3 538 5 (Percent recovery
e 58

A 5 Jlerin¥) Jd B0 V) (e da o) JS il B il 3 oSal e ddadladll
2a3 ppnsill Ja gad b0 535 (453 «Pliable 4 e ¢ 5 e Lol 45l ol sy
OIS ¢ Y A aaal)

S s LS aaaa JSE 5 o sh Aacal g jedat o oy <l jeatiosdl) (Cppcanl) day
O yasisall & 585 O Gany (O jantisal) sad iy o G Y apdlll yia 33 Hlall

Culture media g ) jall <lin

Aalid) o) gall Jicadl Janiad dinll juanisaga o aaiai b il de) 3 5ok oY

Jaxiul e il 8 aSail] Lellantin 5 clgiy 385 il judaas o (3 kall SIS
alias ey y cilinl) e LS G B STy dalie (5585 Ladie L jlad s pumndl) cilinl)
o Al d iy i gia g miiall i g AT (Mo gl (e (S g adiall (Ao i
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American Public Health Association ¢ Standard plate count agar
At o) agdnd canliall HLEAY) ey 63 5 Cpaiall ddaud 53 aladiu™ (APHA)
APHA@M@QM\)ASU u.a\jij\ GETEN éﬁ\}ﬁ

Ao o ST elal 35 Y Cuny Basae laeSy i) Gl
Yool Qaaien ¥ ol 3 e o el e el Jaeia

Gl e (e daiail g8 (ol 114 ) Jhy o) D sae 8 i) callal ¢ Llae (1S 13)
OS2y J skl dilie i) o Alilaall (ol a 454 ) )

C_QUug_)).d\c_uu(M\)Ja)mes_)‘mj\)l\i\j:d\)&kﬁ‘@é‘&ydﬂ
.zl

cliall bl cladle gl lpde sk of dgigl

o) 2 93a aua g USan ud 4ild Jalaall (g CAliRT 2y oda ) s guall 65l yall oY

Aa gide el Ll (e O 50l 48 ) 3 o (U Al Adgay (K15 Aa gide puad) A3l

L8 ()8 cole o ST L jae 3 guall CllS 13 5 A8 a0 3 ) a da 3 e e 5
Aapaall Al Jlaxinady dpmada dipe 5 A30a 481 4o ) el Recovery gla il e

(2> bal) Byaa Ay

Ledadal 3 sunll anid Lalla g el aay ) 5 6 JDIA As gidall il &) oo Jaril
) a3 8 p8lhe China

digl) yadaas

U-‘M-‘M ;«Lu\ DMQM\M\W&Y\QWJ\LSBM\H

Scorching sl i il 30 Gldedl s jlal e 4 sisg)l Al dagll Gl

anilly gl b gl s 0l (e 3y sl el jzan o U1 e plaa Jlexiad
.Hot plate-magnetic stirrer alaaiul )l aiuly culsill a3 Sl o gaall

(‘;M‘).ILG cJPLQ)JUA‘)LaA;LA}\L"_ILI).IY\:U\‘)ABMALSBQM\JS pas
Gliall 4pily, APHA Sliial 3o g NIST g (38 s z 53 Jlidiay Slidl 5 oluall

Plow out pipettes iz Ji) sl Lgie 3lats liale Jaaiod Y o slill 3005

D il (e sle (8 eV iy gl 335 il ag
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2l g el A JS (e 61 2 pH el

2l Jaw  Surface probe oabw s ddaul g dlaiall Al pH aal)
S48 12 gea Jslae Aol 5 (3335 0.5 (e Jil) 4l pH - (A Sl Jasiall
Al pH (& LA 1) Al S 5 (8 dase g Ll lada oy 1S5 0 (adla
zonaa il L) pH dad | juasil) ac g gl oda Jaal 2n 5 0.5 (e LS
Media 4l )sai ¢ juiasill (8 deodiuall sball dae 55 (0 Al e g Lay
el pH gal) ¢ panill il sill anl ) . un e masd l deterioration
A jhas (e ol Jleaiuly g noa (e A3l s rusaa e olll pH QS 1)
Gl B se e lill juma ¢ a2 J1) Y Ll pH s dalie slpall cailS 1))
Al (g

Dhan (A Al CilS 1Y) iiall j ja el g bl yi8a 8 pH JSU
S g canil g5 o o oll) Al calina yaadl (115 joaa) A5l Hid) A
¢ Hlie) 834 @hilaada

Lae (sl Can 13 Sl AiSan ClinnaS 3 ) jall da 3 g agiadll 8 (DAY
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il

pubaill aane g JAl(A s A )2 124 - 121) il 3 ) el i) i e
Juaa¥) (i aSlal 35 51 pall s Sl Tuiiall el reansy ol L G 5831
& iiall i) il sl ) DY) Aua i (e iaidg g (a3 ) £LYY)
Iy Al dae 5 cge g5 Balall dala ua alling (2 paill o SO )1 il
(S Jsaall Gae 58 LS aaally il S

TIME AND TEMERATURE FOR AUTOCLAVE SETRILIZATION

MATERIAL TIME at 121° C

Membrane filters and pads 10 min

Carbohydrate- containing media
(lauryl tryptose, BGB broth, etc.) 12- 15 min

Contained materials and discarded
cultures 30 min

Membrane filters assembles
(wrapped ), sample collection

bottles (empty) 15 min

Dilution water , 99ml in screw-cap
bottles 15 min

Rinse water volumes of 0.5to 1 L 30 min

Rinse water in excess of 1 L Adjust for volume ,
check for sterility
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3 48B3 45 (e ST And pall 5 jall il < e Ay ginall il (o 23 Y
Ada lga g A iy ) IS 535V J s g (e 2085 ia pal

twal) ) il J sea s (e GOIS 530V (e Azl il & A
bl Al e a3 Y

Bacillus s (3lae aladiuly 3 )50 (< aiiadl) 30 S yanil
a2 121 die addadll 3l sall Jala il 5 i sterothermophilus spores
Any 5 OIS 55 5L Aallaall afil jall sad Gas 1) ¢l ad) Ji8y 4385 15 524l 4, 5
G4 Aelu 48 el 4 5 4 )2 B5 aie Trypticase soy broth 4w i (acasil)
Zal e ying aidadl)

ki il je DA e il (DS 63 W) 8 aled Y ) bl sl Jallaall aie
AplS Al e g9 mb ) alnae ol) (A bl I Jaton Cuay (5 )8 0.22 Lo 68
Aalie i< 13 hood Biohazard s ol

) IS 53 W) 8 (i) a3k cclbalall ) dala 31 il s ade
O L Bl 45530 170 ie (58

Gl ¢ ol U BV 3V L 5 LSe35 ol Jant DS g3 Y1 (e il Sllia
Glin S adan iy ali yul Lk g agieil) olgiil ay  Saila 53 5 ocidll 5 aSadl)
A< Ll llin il 5 5 ) sha (plaias Jadall 5550 all 3 i) s 484
X aieil) oLl 2y S 555V (3 20k sle L e JDIA (e g pmal) il
B ol VI () AMad) oda (& SN AN 3l 5y ) 863130 L) &) 3] Al ellia
Lo il Y And jall ) all i jaill ol 2aS 4880 45

3 _all dubal) Z8lal) o) sall ol (5 AY) Abiall o) sall 55 3¢l i 52V e
L) 58 Jerial | ala ) alee S8 Ethylene oxide 2msT Sl Gy il
) Jasial Uy S n ililaall 5 jlas Aaliall o) 2
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Use of agar and broths @iy Ja¥ Jlexic

46 — 44 e Sk s A Melted agar se=idl JaY) Temper ekl
Lol 3 (e ST alaadl 318 55 Y (815 Jlaaial) iy a4 e s 2

Jie @l 5 Cpdall g oka Gudil elall e Aala ) e a1 A8)
46 — 44 3, Al Juai e a8l A8 pall Aala 5 (8 e s 5 et ) Y]
b a8 Jleaiud danlial) 5 4 gie A )

GLbY & i eV mlaw cais daadan e g )30 GLLYI B Y s 2y
e 4885 15 sad Bacteriological hood 4 of sy 56 43 ja & Dl 4 gida
bl aal J8Y)

0585 Cum ala 3 il s Fermentation tubes sesdll canlil Jlesiad aic
Js5 False positive dspsaa juall dplag) daill aiad s el gell (e 4l

Jaall 3 3alal) N oAl ala s el JAuY s ja syl
B9 se e ol sell Cileldd off e Sl

Storage of media <lisd) (a5 e

i)l (8 LS B 8 58 UA i sy ) i yuon

Do i) (e paldt (s AT 5 e Allasind a5
Ladas aSae juall ellard) Culd 5l g a gy (8 Jania al Al il (e LY
A Jaminiios S5 o 13) 138 Blall daSa (SiasSly GubST Jlerinly 43300

Jlariaa¥) Jid bl faan cJlanian) g Aa el Ay il ¢y o 1)
Ga Jshl 8add 533 Al i) juas Aagmaa je dalag) il ollia S Y s
i 3l 953 al 13) 5 4 sda 1) 28 aial Ja g gD oUat <3 daSae il A (e
Blall ASae A8y QST 8 a5 Aale: il Janiadt bl (g A 53l
e e xa 3 AIBroth tube  Gual) il (e 4 gha 11 8 88l e sl

- 49 -



WWM-gtz oaall Co peall 5 olaall o il zali Y zalil-olaall L sl s s Saa

daiaal 9610 (e ST S 2881 a8 13) Ay shayl) & sl Jaa Y 5 Asull (5 giune
Sl (0 sll) 505 13) 6o guall (e izl e (s giad Al i) eal Y
Jaxios Y ¢ da4))

Ll e s Lay Ready to use Load Dl sidl adadly pmadll ja¥iy 3 sl
O OSas Ladie gl ¢ pazanill ) i) 55 aae die g Lakaiie Julaill ) ja) a4 ) ie
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CALCULATION OF PRECISION CRITERION

) el losladl L 5 S

Logarithms Range of
Duplicate Analyses
Sample of Counts Logarithms(
No. Rlog )
D, D2 Ly L.
(Li- L)
1 89 71 1.9494 1.8513 0.0981
2 38 34 1.5798 1.5315 0.0483
3 58 67 1.7634 1.8261 0.0627
14 7 6 0.8451 0.7782 0.0669
15 110 121 2.0414 2.0828 0.0414
Calculations:
1. Y of Ryq =0.0981+.0483+0.0627+ +0.0669+0.0414=0.71889
2. R =¥ Ry, /n =0.71889/15 =0.0479
3. Precision criterion=3.27 R = 3.27(0.0479) =0.1566
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COLIFORM COUNTS AND THEIR LOGARITMS

MPN
Coliform Count
Log MPN
No. /100 mL
11 1.041
27 1.431
36 1.556
48 1.681
80 1.903
85 1.929
120 2.079
130 2114
136 2.134
161 2.207
317 2.501
601 2.779
760 2.881
1020 3.009
3100 3.491
X = 442 X = antilog 2.1825 = 152
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ANNEX 1

MEDIA PREPARATION
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AR HEATING AND
‘... STIRRING APPARATUS

Heating and Stirring Apparatus

-87-
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This concept for culture media preparation in Petri dishes,
dedicated to small quantities, gives the Laboratory
the perfect Quality of the poured plates you need.

FAST - ACCURATE - COST EFFECTIVE

MEDIA DISTRIBUTION
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ANNEX 2

MEDIA IN PLATES
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AUTONVIATED

NEDIL A

- PREPARATICON
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STERILIZ-ATION for SMALL
AMOUNT of MEDIA

MEDIA INOCULATION

Vortex and Shaking
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u=

Vortex for Single Tube
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ANNEX 3

CENTREFUGE
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HIGH SPEED REFRIGERATED
MULTI-FUNCTION
CENTRIFUGE
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6.P.Variable Speed I]e'ntr'lfuge

- 100 -



WWM-gtz  samall G juall 5 olaall o ol zali 5 Y zalil-olaall L sl s s Saa

-101 -



WWM-gtz oaall Co peall 5 olaall o il zali

ANNEX 4

INCUBATOR
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memmerk
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Incubator with Glass Door and Fan

At Memmert the control panel s ideally
placed at eye level and nat at the level of
the door handle o the base of the
applance). Funchonal, matt black anc
therefore dazzle-free operating modules,
with their ergonomically designed
switches, knobs, scales and displays (we
cansciously avoid the use of oright
calours) faclitate — even when the doors
are open - perfect identitication of the set
values and operating conditions as well as
problem-free aperation of the ovens

ino "dashboard” in the door, no fiddly
byping with foil keys)

Through innewative manufacturing
techrology the stainless steel oven body is
nowy more rigid, more service friendly, and
still more pleasing in appearance.

The degp-drawven stainless steel inTericar
et rounded essy-to-clear carmners s
suocecied 1o a fimnal electraopalishing pro—
ceans to produce 8 closec anag therefore
particularly hygiercos surface veithh reduaced
danogsr of contarinstioor: .

Fig:.: IO 2°235
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The deep-drawn |large-area ribs are
integral with the interior walls and
ersure particularly gentle ard uniform
heating of the entire chamber while
supporting the non-titing stainless steg!
shelves. Autormatic hot air sterilisation

IV el pall-olaall L sl o5 S

withaut remaoving the CO, measuring cell,

The interior, although usable aver 1.
full width, is fitted as standard on
WO 20248 with a 4-part partitizning
(dismantled for deaning)which, in
conjunction with the standard gas
naTle, imits 0. lass on loading and
unloading,
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Average Air Temperature Recovery
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ANNEX 5

WATER BATH
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ANNEX 6

PIPET
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ANNEX 7

BALANCES
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4

Statistics |

[ RIRINLIE U B

Salar cells
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ANNEX 8

BURNER
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BURNER
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ANNEX 9

MEMBRANE
FILTRATION
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Necessary Analytical Equipment

This section describes the Millipore equip-
ment available for environmental micro-
biological analyses.

Fig. 4 Fig. 5

Fig. & Fig. 7

- 133 -



WWM-gtz  samall G juall 5 olaall o ol zali 5 O i pll-sloall s sl 5055

Colony Visuvalization Apparatus

Colony examination, especially the coliform
sheen eolonies, require a minimum 10x
magnification and fluorescent ilumination,

Filtration

The procedures that follow illustrate the use
o & single Glass Filter Holder, but the test
ray be performed with any of several
A7mm Millipore filter holders, either singly
L] il'l el r:rll-lllir-r_]r-l_l.

Fig. 24
3. Prepors the filrotion apparatus as shown.
Be sure ta use o woter rap batween the PUmp
and the filver halder
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ANNEX 10

REAGENT GRADE
WATER

-135-



WWM-gtz  samall G juall 5 olaall o ol zali 5 Y zalil-olaall L sl s s Saa

- 136 -



WWM-gtz  samall G juall 5 olaall o ol zali 5

Froduce ultrapure water on demand
Provide consistent water purity
ble-free maintenance

|-G Reagent Grade Systems are a reliable,
biafieclive source of ulrapure water for the
foratory. Typical applications include
boical assays, reagent preparation, critical
gshing steps, qualitative chemisiries, and
pre AA/ICF.

Thase systems produce ulrapure, | B
eaonm-cm water, on demand, ot up 0.7
ks cer minute. Storage is not required, so
fere's o concem aver degrading waler
pelity. Miintenance is simple as carridges
e be chonged in minutes without fools.

ifications

frensions: 465 mm (H| x 297 mm W] =
433 mem (D)

Naight: 13 kg

facliical Requirements: 115 V/60 Hz/

et Woter Requirements

ferafing Temperature: 37°C [100°F)
sepimum: 5C [40°F) minimum

ter Pressure: O, 5-14 psig

sed must be pretreated by reverse osmosis,
diillaicn, or deicnization,

fialer Procuction Rate: 0.7 |/ min

Fifue Guai:’?r

Il cissolved solids [pph): <20
icates [ppm): 0.0

bavy melals ippbl < |

:ﬂ-. anics [ppb'ﬂ =0

Wiersorganisms |cfu/mll: <10
Fteulates (<022 pm|: <1

lasisfvity (megohm-cm at 25°C|: 18

b

& aiwremﬁ; copacity las CaCO,l: 800

- 137 -
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pact Milli-Q 50 Reagent Grade Water Systems

Ordering Informafion
Description Catalogue Me,
AAill-Gr Woarter System
Abowd, 115 ¥/600 bz ZDZ0 11584
3bowl, 115V /60 Hz ZD20 115 B3
Ao, 220 Y/50 Hz UF ZFMCG 240 UF
Abowd, 220V /50 HZ ZFraG 240 04
Expendobles
tilligord TF Cartridge, 10° 3/ pk WSS ONT P3
SuperC Carrridge, 12" 4/pk  CDFC Q12 04
lonEx Caitridge, 12 Z/pk CDMBOIZ202
Millipak Filier Unit, ©.22 p, sterile 2/pk  MPGL 045 K2
Ulirapure carridge kit (exchange kil for S-bowl system| COMF 01204
includes: 1 curbon carridge, 2 iorexchange
cartridges, and 1 Millipak linal filtar.
Ulirapure cartridge kit far d-bowl MiliG system] COMFO12 03
includes: 1 cu:lr%un caridge, 2 lorexchange
catridges, | Milligard carridge, and
1 Miillipak firal filker.
Accessorios
TP lonEx Camidge, 12" 2/pk CRAMB 012 02
Pressure Regulator ZD00 023 32
OiganaxQ Corfridge 1/pk  CDEX 01201
Ulraflter cartridge for pyrogenree systems 1/pk  CDUF Q1201
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The Milli-Q s Plus Reagent Grade

Woater Purification System

Ease of use

The patented QPAK™ purification pack
makes the Milli-G = Plus system
axfremely sasy lo service. There is ro
reguirament to remove multiple bowls
and cartridges. No tools cre required,
Simply unplug the pack when it
requires excnanging and plug in o new
orig, Anrudl exchange of the UV, lomp
is sufficient tor aptimune perdormance,

Final filtration

The dispense point of the system is
fitea with & disposable Millipak ™ filter
unit conrgining orly 2 materials: the
0.22 prm Durapore” PYDF memorane
and pelycarbonate iter housing and
support structurel, The Millipok filler urd
is thermonlastically welded o avoid
extroctabkles from achesives.

Feed water pretreatment

The Milli-G-e Plus system is designed to
provice the final purification to
prefrected water.

Prefrected water can be produced by
Reverse Osmosis, Distillation, or
Deionization. Millipore Milli-RC® Plus
Reverse Osmosis systems provide the
best source of pretreated water, in
terms of final water quality and
langevity of the purification pack. This is
due tc tha "breadth™ of purification
provided by Reverse Cismosis. Reverse
Osmasis is effective af removing o high
percertoas® of all four closses of
contaminants found in normal
toowarer:

* |narganic lons

» Organics (>300 MW
* Parficulate Mater

» Microorganisms

== 258 removol
990 remaoval
29Lh removal
9954 removaol

ntoge depends on membrone fvpa, Yalues

orave ore aical for TRC poivomide membrones.
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Purification packs

Milli-& purification pocks {QPAK) are
constructed of pure polypropylens
with polypropylens end caps. All
elements are thermally ar

ultrasonically welded to minimize
exfractables associated with the use
of adhesives.

There ore two types of pock
available. Selection depends on the
quelity of fead-water used.

Purification pack: QPAK:
o ba used if feed woter has been

pretraated by reverse osmosis or
distillation) :

Purification pack: QPAK:

lto be used if feed water has been
pratreated by deicnization)

This purification pack contains

- activated corbon to remove
dissolved crganics, nuclear grade
ion exchange resins to “polish! out
inorganic ions to 18.2 Megohm-cm
resistivity plus the Organex-G ™

- orgonic scovencer mixiure Fo remove

 froce orgonics. :

Deionized water typically contains

‘higher levels of periculate/colloidal
mafter, microorganisms, and
organics than water produced by

reverse osmaosis or distillalion.

Accordingly, this purification pack
_contains an inifial 0.5 g prefiler to

protact the other purificotion media.
The pack slso contains activated
carbon, nuclesr grade jon exchange

rasin, ond the Orgonex-Q crganic

SCOVEngEr mixture,

Compact and versatile

The system is extramely compoct (only
AB5mm high, 297mm wide, 433mm
deep! and can be bench-top cperared
ar wall mounted.

Consistently high water quality
Cestruction of dissolved arganic
compounds by photooxidation results
in o ropid rinse-dowr of the system,
Optimum warer quelity is reached
quickly, even after non-use neriads.

High purity components

All moterials and components used in
the Milli-Ghe: Flus system have been
speciically selected ard volidated to
guarantes a high purity level. All fubing
and fitings in the hydreuliz circuit
petwesn the ultraviole® lomp and the
paint-cf-usa finol filter are made of
PTFE.
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User friendly
The system incorporares an indicotor
which sigrals the user when the
purificetion pack should be changed in
order to maintaln low levels of Tatal
Crganic Corbon (T.OLCLL An
additional indicator is illuminated when
the ultraviclet lamp is oparating.

An alpharumeric disploy clearly
indicates the operating status of the
system at all fimes.

The system has o built-in test of the
accuracy of the resistivity measuramant
systam, This test is camried cut

Specifications

automarically each time the system is
switched or. During periods of no
demand, the system can be switched fo
standby opearation. During standby
operafion water quality is maintoined
by outomatic infermittent recirculation
at preset intervals, This ensures ropid
rise to quality when demand acsurs,
without the need to keen the pump
running throughout the day. The built-in
resistivity meter is femperature
compensated to 25 °C, which is the
stondard far mecsuring

u|-.rupure weater.

Flow rate

1.5 [fmir.

Inlet Pressure

1 bor moximunm.

Connections

8 mm palyamide inlet tubing conrectar.

Electrical requirements
230 /50 Hz, 180 VA,

Fuse: 1 Amp., slaw blaw.

Dimensions
Height: 495 mm,
width: 297 mm,
depth : 433 mm.

Weight
17 kg operating weighl.

- 139 -

Materials

Cobinet and purification pack ;
polvpropylene; three way valve and
outlet titting : PVYDF; tubing : FTFE;
pump: 316 stainless stesk (bodyl -
Rytor” 316 stainless steel linternal
components|.

UV, lamp envelope ond sleave.
ulfrapure Quartz.

UM, lamp housing: 314 L
electropolished stainless steel,

Flow schematic

| — Inlet salenoid valve

2 - Pump

3 - UV photooxidation chamber
4 - Purification pock

5 — Resistivity sensor

& — 3wy valve lmanual)

/= Check valve

8 = Millipck filter unit

— PTFE tubing and fitlings
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Reverse Osmosis : the ideal purification method to pretreat Milli-Q s5Plus feed water

Wter purilication by Revarse
Dsmosis has rapidly developed
from o scientific curiosity in the
early 1960's to a well accepted
technology for the production of
purifiad water in today's analytical
and research laboratories.
Fevarse Osmasis is a "broad-
bosed” primary purification
technigue which removes a high
percentage of the fadr main
classes of contaminants ; inarganic
ions, orgonics, porticles and
microorganisms.

Az a result, Reverse Osmosis s, in
many cases, an accepiable
clternative to distillation for the
praduction of general labaratory
grade woter. This woter is ideal os
a final rinse in glassware washing
machines and far many other
general laboratory applications
such as analytical cperations not

- 140 -

Millipore MI-RO Plus Reverss Clsmasis Sustems ore avollable for & h il to 90 I fnght!
of purifisd general loboratony amads woisr,

raquiring reagent grode water.

In addition, Millipore's Milli-RC
Plus systems provide the ideal
prefreated water 1o fead the enfirs
range of Milli-G systems, including
the Milli-Q Plus system,

For details on Milli-RC Plus Reverse
Osmasis Systems, please contact
your nearest Millipere subsidiany
Isee lost pagel.
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ANNEX 11

FOR READING
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CHAPTER X
LABORATORY MANAGEMENT

Laboratory involvement in developing the support data used for
monitoring water quality has paralleled the increased concern over en-
vironmental pollution, Bacteriological services offered by the water
laboratory, in addition to the traditional examination of potable waters,
may also include gathering stream pollution data, monitoring fresh and
! saline recreational water qualities, checking the quality of shellfish grow-
! ing waters, and evaluating effluent qualities from a variety of water users.
The extent of these examinations will be governed by staff size, experi-
ence and training, and laboratory space and the availability of specialized
equipment and safety provisions for handling waterborne pathogen inves-
tigations.

LABORATORY RECORDS

State health and environmental laboratories and municipal water plant
laboratories examine approximately 3.5 million samples annually from
this Nation's public and private water supplies. Frequency of unsatisfac-
tory samples reported from public supplies, serving some 180 million
individuals, varies from state to state but most often ranges from 3 to §
percent. By contrast, about 40 to 60 percent of all private domestic water
supplies, serving approximately 33 million consumers, fail to meet the
Federal Drinking Water Standards. Available national data indicate that
the MF procedure is being used by 72 state and branch laboratories and by
over 125 municipal laboratories, MF applications range from use on only
stream pollution samples 1o the analysis of all public and private potable
waters.

Inspection of laboratory records on the bacteriological examination of
public water supplies occasionally uncovers evidence of insufficient data
retention, filing backlogs, and poor data retrieval. Compilations of data
on water samples examined during the year should include a breakdown
§ on the total number of samples for each of the following waters: public,
private, swimming pool, natural bathing, and stream. Records from some
laboratories using the MPN test must be divided by 5 because total
examinations have been padded by counting five tubes per test as five
examinations.

A study of the available engineering division's records for municipal
supplies may indicate that only a minimum of the information available
from the laboratory waler sample report is being retained. Thus, inspec-
tion of laboratory water sample reports are, in general, more meaningful
in evaluating the scope of the surveillance program. In one engineering
' record system, only the total number of positive tubes and the total
: number of presumptive tubes inoculated per month were recorded. This
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made it impossible to reconstruct the MPN value for any given unsatisfag-
tory sample or samples during the month, and the attempt to analyze
these records for evidence of a repeat sampling requirement based on
specific instances of unsatisfactory sample results was inconclusive,

Data submitted on water-stained report sheets must not be arbitrarily
selected for use in monthly reports on public water supply monitoring
only when results are satisfactory and be rejected when the laboratory
findings are unsatisfactory. Any hypothesis that water-stained reports
means the samples did leak in transit and become contaminated is difficult
to substantiate by facts. The more logical explanation for water-stained
reports is found in the common occurrence of wetness on the outside of
the bottle acquired during sample collection. These water droplets then
stain the laboratory report form, which often is wrapped around the
bottle, then inserted into the mailing tube or sample case. Upon arrival in
the laboratory, any received samples found to leak either from improper
screw cap closure, defective cap liners, or cracked bottles should be
rejected and the report marked with an explanation for rejection. Another
sample must be immediately requested for analysis. Any further rejection
of some laboratory reports based on water-stained sample sheets should
be discontinued as purely speculative.

LABORATORY REPORTS

Reports on the examination of potable water samples may be prepared
by the laboratory division personnel or, exclusively, by the division of
engineering clerical staff. Uniformity in state record systems is rare,
Report forms vary in complexity from a minimum of information on the
specific sample to a detailed sanitary evaluation of the supply. The
bacteriological water-sample report form for potable water must include
information that identifies sample location, time and date of collection,
sample collector’s initials, time of receipt in the laboratory, and total
coliform occurrence per 100 ml, Additional essential information spaces
should be available for reporting chlorine residual, turbidity, standard
plate count (48 hours at 35°C) per | ml, and a check box that states the
sample does or does not conform to the Federal Drinking Water Stand-
ards, Finally, the form should also include a check spot to specify if the
water sample is routine (part of the normal monitoring program), a re-
check sample (repeat sample requested when potable water results are
unsatisfactory), or a special sample. This latter information would be of
assistance to the laboratory in processing samples and to the engineering
section in separating repeat sample information from routine sampling
data. The form sizes vary from quarter-page, half-page, and full-page, to
cards used in IBM systems. Copies may be prepared with carbon, with
forms where no carbon is required, or by various office copier machines.
Reports may be kept 1, 3, or 5 years or on a perpetual basis with long-term
storage on microfilm or in storage boxes located in state archives, In
general, retrieval of records beyond 2 years is frequently difficult because
of the location of inactive file storage areas.

Current files of reports on public water supplies may be indexed by
individual municipal supplies, by county or regional area. or by month. In
several states, the individual records for municipal supplies are scattered
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over the state in the files of branch laboratories assigned the responsibility
for examining the municipal water supplies in their geographical area.

PERSONNEL

The size of the laboratory staff required for a given volume of bac-
teriological examinations may be difficult to predict because of such
factors as demands due to other laboratory program needs, availability of
laboratory support personnel, and personnel involvement with laborato-
ry administration and clerical duties. An analysis of 1965 to 1970 data on
laboratory staffing indicates that 89.0 percent of the central state
laboratories had only one to four technicians; 89,3 percent of municipal
laboratories employed one to three technicians; and 92.6 percent of
private laboratories had only one or two technicians involved in water
analysis on a part-time basis. For the number of samples that could be
analyzed per technician, data from 10 state laboratories employing the
MPF procedure was used to estimate an average ol 5,400 samples per year.
This estimate is about 10 percent higher than the 4,900 samples per vear
examined, on the average, by technicians using the MPN procedure in 36
other state and branch laboratories. A greater difference in workload
would be evident if the numerous related duties (milk and food analyses,
record keeping, etc.) common to these state health department
laboratories were not involved.

Ideally, the professional staff should include a senior bacteriologist
with a major in bacteriology from a recognized college and a MS (or MA)
degree or equivalent experience in water bacteriology. As an assistant to
the unit chief, the second staff member should have graduated from a
recognized college with a major in bacteriology-biology or have equiva-
lent practical experience in water bacteriology. Such employees can
carry out or supervise routine test procedures, training activities, consul-
tations on methods and problems, and evaluations of new or routine
procedures as needed. Because of the greater number of samples col-
lected during the summer months, gualified temporary help, to work
under the direct supervision of the bacteriologists, may be added as
required.

Laboratory support personnel, i.e. scientific aids, are also needed to
clean glassware and prepare sterile media, sample bottles, and other
materials. The specific number of scientific aids required is determined by
demands for their services from other laboratory program needs, the
volume of disposable plastic items used, the number of water examina-
tions conducted, and the choice and variety of tests performed. Our study
of man-power requirements in 18 state laboratories during the period 1965
to 1970 showed that for each staff bacteriologist in the water laboratory,
the full-time support of 1.4 scientific aids, assigned to the preparation
unit, was needed. In terms of the total number of samples examined each
year, these same laboratories required back-up services of one scientific
aid for every 6,900 water samples examined per vear.

The laboratory staff must also have clerical support to type, file, and
distribute copies of reports to the laboratory director, sanitary engineer-
ing section, water companies, and private individuals. Laboratory ac-
tivities also require such additional services as handling telephone mes-
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sages, preparing correspondence, requisitioning supplies, and 1
semi-annual or annual summaries of laboratory activities. In large
luboratory operations, these activities generally require the services of

two full-time clerk-typists; in the small municipal laboratory, one cléfti-'

typist should be sufficient,

REFERENCE MATERIAL

A copy of the current edition of Standard Methods must be available in
the laboratory for immediate use when some aspect of methodology must
be reviewed, since this essential reference undergoes substantial revision
with each new edition. Some state laboratory systems have prepared
excellent methods manuals for distribution to laboratories within their
states. These manuals serve as a guide 1o proper sampling tec hnigues, and
provide protocol on sample transit-time restrictions, the use of report
forms, laboratorv procedures, and data interpretation, This technical
information is useful to sanitarians and laboratory personnel in city angd
county health departments, water works personnel, and institutions in-
volved in the bacteriological examination of water. Concerted effort
should be made to periodically up-date these manuals and Lo circulate
them throughout the state to all laboratories. In addition, such ref erences
as the EPA manual on microbiological procedures (see reference 36, page
121) on approved protocols and the EPA student training manual (EPA-
430/1-74-008, available from NTIS) employed for analysis of municipal
effluents should be available and used.

A newsletter. initiated from the office of the state laboratory director on
a quarterly basis, can be useful for keeping regional laboratory personnel
informed of significant activities related to the mission re sponsibilitias of
the laboratory system. The newsletter could also include comments on
operating and maintaining laboratory equipment. plus evaluation reports
on equipment items for specific laboratory needs that might be purchased
in the future.

Reference books that are recommended, but not mandatory, include
recent editions of college textbooks on bacteriology, chemistry, statis-
tics, the Merk Index, and commercial application manuals on dehydrated
media and testing procedures. Other suggested references. which should
be available in the laboratory, include current editions of training manuals
acquired through staff participation in state-of-the-art laboratory courses
given by the state health department or environmental agency or other
specialized courses given by universities. Federal agencies, and commer-
cial interests sponsoring workshops and seminars. Since the science of
water bacteriology, chemistry, biology, and sanitary engineering is pro-
gressing at a rapid pace, it is essential that professional personnel be given
the opportunity to obtain short-term specialized training in new concepts,
instrumentation, and methodology, :

Several laboratory groups can establish a policy of cooperative sharing
of scientific periodicals obtained through personal memberships in vari-
ous scientific societies, By circulating current journal issues among the
staff or by alerting staff members to articles that relate to their specialties,
the entire work group can be informed on new research findings. Among
the scientific journals that frequently contain articles on water bacteriol-
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ogy are Journal of the Water Pollution Control Federation; Applied
Microbiology; Health Laboratory Science; Journal of the American
Water Works Association; and Water Research: The International Jour-
nal on Water Pollution Research.

LABORATORY FACILITIES

Laboratory space must be adequate to accommaodate periods of peak
work load. Working space requirements must include sufficient bench-
top area for processing samples; storage space for media, glassware, and
portable equipment items; floor space for stationary equipment (in-
cubators, water baths, refrigerators, etc.); and an adequate associated area
for cleaning glassware and sterilizing materials. The bench-top working
area needed for processing samples has been estimated Lo approximate 4
to 6 linear feet of continuous area per technician. This figure is a practical
estimate derived from space requirements observed in various
laboratories performing routine analyses. Where more specialized bac-
teriological examination of water is required, or in laboratories involved
in bacteriological research, this space requirement may be inadequate.

The space required for both laboratory work and materials preparation
in small water plant laboratories may be consolidated into one room, with
the various functions allocated to different sections of the room. In larger
water plants, county hedlth department laboratories, and in state and
Federal laboratories, the laboratory working area and supporting func-
tions should be in separate rooms but located on the same floor and in
proximity to each other. For laboratories engaged in various
disciplines—i.e., water, milk, food—work space must be increased pro-
portionally so that water and other samples may be processed as neces-
sary throughout the day without the need to program limited work space
and time for one or the other type of sample examination. Where laborat-
ory facilities are limited, the quality of work and the reliability of data may
be impaired,

Where possible, media preparation, glassware processing, and sterili-
zation of materials for different laboratory groups in multi-function
laboratories should be consolidated. Combining these services results in
more economic operation, more efficient use of manpower assigned to
these duties, and less duplication of equipment needed for such services
(e.g.. autoclaves, hot-air sterilizers, automatic glassware washers, au-

- tomatic pipetting machines, pH meters, balances).

The laboratory should be located in a clean, well-lighted, well-
ventilated room (preferably air conditioned) that 1s reasonably free of dust
and draft and not subject to excessive temperature changes. A light
intensity of 60 to 100 foot candles is recommended at all working surfaces
(1). A bench height of 36 inches provides knee space and convenience for
the technician who may choose to stand or sit while performing various
tasks. Laboratory benches, 30 inches high should also be provided for use
in counting pour plates and MF cultures, in scanning Gram stains, and in
recording data on laboratory work sheets. Laboratory table or bench-top
working areas should be level to avoid uneven colony distribution over
pour plates or over the effective filtration area of MF's. A laboratory sink
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is essential for the disposal of discarded samples, surplus media, or
sample filtrates derived from MF procedures, .,

Ample cabinets, drawers, and/or shelves should be available in the
laboratory for storage and protection of glassware, small laboratory
equipment, and other materials, especially when sterilized items are !
stored for any length of time. The storage area for dehydrated media
should not be located near the glassware working area because summer
temperatures and humidity may cause deterioration of dehydrated media
supplies,

LABORATORY SAFETY

Laboratory safety, which must be an integral and conscious effort in
everyday laboratory operations, should provide safeguards 1o correct
facility deficiencies and equipment failures, avoid electric shock, prevent
fire, prevent accidental chemical spills, minimize microbiological dan-
gers, and minimize radiation exposures (2-7). Laboratories now are under
the Occupational Safety and Health Act or state equivalent safety and
health program. Free consultation and advising services from these
groups are usually available for safety PrOgrams.

Room space must be adequate to avoid storing equipment and supplies
along traffic areas that must be accessible to carts, portable equipment,
and free movement of technicians. The floors of the laboratory should be
clean, dry, and free from projections that might trip personnel or jam cart
passage, When floor wax is required, a nonskid wax should be chosen,

Protective maintenance of autoclaves requires periodic inspections by
a representative of the manufacturer (see section on Autoclaves in Chap-
ter 1I1). Operating instructions for autoclaves and stills should be posted
nearby, particularly if such equipment may be used by inexperienced
personnel or on weekends or holidays when those routinely responsible
for operation are away.

Electrical service in the laboratory should conform with local, state, or
national electrical codes (8). Service feeders must be of adequate size as
specified by the applicable electric code and be properly protected from
overload by either automatic circuit breakers or fuses. All electrical
outlets should be properly grounded using a three-wire ground system. In
addition to providing equipment grounds, the three-prong plug orients
connections to the electrical wiring so that the hot and neutral side of the
equipment circuit always remain at the same potential. In the absence of
the three-wire ground system, a separate ground wire, size No. 14 or 16
gauge, must be connected from laboratory equipment to a cold water pipe
as a protection from electrical shock. Open wiring should not be used in
the laboratory.

All laboratories should have access to both foam and carbon dioxide
type fire extinguishers. Foam extinguishers are effective an small fires in
ordinary combustible materials and in small quantitites of flammable
liquids or grease. Carbon dioxide fire extinguishers must be used where
electrical equipment fires occur. These fire extinguishers must be period-
ically inspected and replaced as necessary. Fire extinguishers should be
located either in the laboratory or in a corridor so that a person need not
travel more than 50 feet from any point to reach the nearest extinguisher.
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Other equipment that should be available in case of fire or chemical
accidents includes gas masks, fire blankets, and emergency shower sta-
trons. Fire exits from the laboratory must remain clear at all times and not
become cluttered with equipment, boxes, or cartons of supplies.

Although the hazards from handling and storing chemicals in the bac-
teriological laboratory may not be of the magnitude found in the chemis-
try laboratory, bacteriologists and other laboratory personnel are often
unaware of the basic safety rules that must be followed. All chemical
containers must be clearly labeled; anv materials in unlabeled containers
should be carefully discarded. After a reagent hus been used, any residual
material adhering to the outside of the bottle should be wiped or rinsed off
to prevent contact with the hands during future handlings. Flammable
solvents should be stored either in an approved solvent storage cabinet or
in a well-ventilated area. Avoid storing solvents above eye level in the
work area, near open flames, or in refrigerators or cold rooms that also are
used to store stock cultures and media. Fumes from leaking containers of
organic sulvents are often toxic to bacteria. Oxidizing materials such as
nitrates and chlorates should be stored in a dry area separate from organic
material. When it is necessary to open bottles that may be under pressure
(hydrochloric acid or ammonium hydroxide), cover the bottle with a
towel to intercept any chemical spray. Bottle carriers should be used
when transporting glass bottles containing hazardous chemicals (acids,
corrosives, or flammable liguids).

Compressed gas cylinders should be stored and transported with the
shipping cap on. Use a wheeled cart to transport large cylinders, and be
certain the cylinders are secured at all imes. Gas cylinders should be
stored and used in an upright position. being fastened securely and well
away from any heat source. Before use, double check the identity of the
gas cylinder to be certain it is the Kind required for the experiment, and
always use a reducing valve or preset pressure controller on the cylinder
outlet. Do not force connections or use some improvised adaptors,

The microbial agents that might be of potential hazard in the water
laboratory are those that could produce disease of varying degrees of
severity (as the result of accidental inoculation or injection or other means
of cutaneous penetration) but that should be contained by ordinary
laboratory technigues (9). Basic dangers associated with microbiological
hazards in the laboratory involve (a) hand-mouth contact while handling
contaminated laboratory materials and (b) aerosols created by pipetting,
centrifuging, or blending samples or cultures and those created by vse of
inoculating loops (10).

Aerosols can be created by blowing out the last drop from pipettes. Do
not mix dilutions by blowing air through a pipet into the culture. When
working with grossly polluted water samples, such as sewage or high-
density bacterial emulsions, the use of cotton plugs in the mouth end or a
rubber bulb attached to the mouth end of the pipet is recommended to
prevent the accidental ingestion of sample material. Since untreated
waters may contain waterbome pathogens, it is essential that all used
pipets be discarded into a jar containing a disinfectant solution for decon-
tamination before these items are returned to personnel responsible for
glassware washing. The habit of placing discarded pipets on table tops,
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laboratory carts, or in sinks without adequate decontamination presents
an unnecessary health risk to the laboratory personnel. Quaternary am-
monium compounds that include a compatible detergent and solutions of
sodium hypochlorites are satisfactory disinfectants for pipet discard jars.
The highest concentrations recommended for these commercial products
should be used provided this concentration does not cause a loss of
markings or fogging of glass pipets, Disinfectant solutions in the discard
container should be replaced each morning (o ensure maximum disinfec-
tion action. Contaminated materials (cultures, samples, used glassware,
sereclogical discards, etc.) must be sterilized by autoclaving before being
thrown away or being processed for reuse.

Shattering of culture-containing tubes during centrifugation liberates
voluminous guantities of bacterial aerosol in the laboratory (11, 12).
Blenders must be leak-proof and tightly covered during operation to
prevent creating an aerosol spray that might contaminate technicians
stationed some distance away. An investigation of various inoculating
loop techniques showed that inserting a hot loop into a flask of broth
culture created the greatest hazard in terms of aerosolized bacteria (13).
The use of electric heater incineration for sterilizing inoculating loops or
needles may be a desirable procedure, but observe caution to avoid a
possible electrical shock that could occur if the person holding the loop
touches the inside of the heater core while also being grounded (14).

Good personal hygienic practices are important in the control of con-
tact exposures. Frequent disinfection of hands and working surfaces is
essential. Smoking, eating, or taking coffee breaks at the work bench
should be avoided. Drinking water should be available outside the
laboratory, preferably from a foot-operated drinking fountain. The
laboratory staff should also be immunized against tetanus and possibly
typhoid or other infectious agents that might be under investigation,

Flies and other insect occurrences must be minimized in the laboratory
to prevenl contamination of sterile equipment, media, samples, and
bacterial cultures in addition to the obvious desire to prevent any spread
of infectious organisms to the personnel via this vehicle. Control meas-
ures must include restriction on food storage in desks and storage
cabinets, installation of screens in all windows and outer doors for those
laboratories without air-conditioning, and a program of periodic spraying
of insecticide along toe-stripping, sink and storage cabinet areas, and
utility service channels. Since some laboratories also include a chemistry
section that analyzes waters for pesticides, application of insecticides to
suppress insect occurrences must be carefully restricted to the immediate
areas of the bacteriological laboratory section,

In those laboratories where radioactive chemicals for tracer studies and
rapid bacterial detection systems are used, personnel should carry film
badges or pocket radiation dosimeters for monitoring individual expo-
sure. Records should be kept of yearly total exposure for each individual
staflf member. Work areas where radioactive materials are used should be
monitored once’a week and these readings logged also. Area monitoring
should be conducted using a survey instrument (a Geiger-Miiller or ioni-
zation chamber type) capable of detecting 0.01 milliroentgen per hour,
with a maximum of 0.5 milliroentgen per hour at full-scale detection on
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the lowest setting. Using disposable laboratory items will eliminate many
washing problems. Radioactive-contaminated disposable items can be
placed in special waste containers, which, when full, can be disposed of
by the radiation safety officer. Nondisposable lab-wiare contaminated by
radivactivity should be held apart from other lab-ware items for suitable
cleanup procedures. Where C!'%-labeled compounds are used, liguid
wastes may safely be released into the sanitary sewer provided the
quantity released does not exceed an average concentration of 0.02 mi-
crocuries per liter. Other radioactive liquid wastes may also be disposed
of via the sanitary sewer subject to concentration limits established under
Federal regulations (15). Protective plastic or rubber gloves should be
worn whenever handling radioactive liquids as a protection for skin cuts
or hangnails. When hands are contaminated, they should be thoroughly
washed (2 to 3 minutes) in warm water using mild soap or detergent. In no
case should abrasive and/or alkaline soap be used. Washing should be
repeated several times with the exposed skin area monitored for radioac-
tivity until the hands are decontaminated.

Fmally, every laboratory should have a copy of a manual on laboratory
safety and a laboratory emergency treatment chart for guidelines in
first-aid treatment of accident victims, First aid supplies should be
checked frequently to replace out-of-stock items or items that have limit-
ed shelf life.
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GUIDELINES ON LABORATORY MANAGEMENT

Laboratory Hecords

Results assembled and available for inspecton ..., ... ... ... ... ..
Data processed rapidly through laboratory and engineering sections ..., .
Adequate data retention, efficient filing system, and prompt
chansaling ol remort omles LS e T e
Mumber of tests per year
MPN Test - Type of sample
Confirmed (+)____ e I e i b
Completed {+}________ ) (e S 1 ;1 b
MF Test - Type of Sample
Direct Count {(+}_ N 4 ' (]
Verified Count {+]_ (-} { Tustasl)

Personnel

Adequately trained or supervised for bacteriological examination of water ,

Personne! involved:
Professional staff (total)
Sub-professional support {lotal)
Clerical assistance (total)

Reference Material

Copy of Standard Methods (current edition) available in the laboratory . ..
State or Feder:il manuals on bacteriological procedures available for staff use
State or Federal agency newsletter on laboratory information

AL TR T e e L e e R e e

Laboratory Facilities

Laboratory room space and bench-top area adequate for needs
U Pl ORE RBERES o o s ot A
Prep room space adequate and located near LT g B o
Sufficient cabinet space for media, chemicals, glassware,
e prewett R ol e T R R s e e
Facilities clean, with adequate lighting and ventilation, and reasonably
T T s e
Office space and equipment available for processing water examination
reports and mailing sample bottles .. o000 i

Laboratory Safety
Personnel and carts permitted mobility without obstructions

L L s S |
Adequately functioning autoclaves and stills, with periodic

inspection and MAIMIEBENCE . . ... .cuiuiiiiis s asiniesesns s iies
Electrical service conforms to local, state or National Electrical Codes ..
All electrical equipment grounded through three-wire system or

separate ground to cold water pipe ... .0 i e
Foam-type and carbon dioxide fire extinguishers accessible . ... ..., ...
Fire exits from laborntory clear 8 all Bmes | ..o on oen o oerm s s s
Emergency (deluge) shower accessible and functional ... ........ oo, ..
Safety features such as pipet waste jars with disinfectant, centrifuge

shicld, splatter guard, and blender covers emploved to avoid

Lo 1T R e RO R s e e S
Approved practices for handling and disposing of radicactive

chemicals used in special bacteriological procedures ................
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First wid supphes available and not out=-dated ......ccoiaiiaivinniacin,
Personnel trained to safely handle steam, flames, chemicals, pathogens, etc. -
Personnel indoctrinated in first aid emergency procedures, fire control, etc.
Broken glass, sharp necdles, ete., propery handled and disposed of ... ..
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CHAPTER XI
THE NARRATIVE REPORT

i PREPARING A NARRATIVE REPORT

Once the on-site evaluation of the laboratory has been completed,

I including an informal conference summation of the findings, a narrative
report must be prepared by the laboratory survey officer to accompany
the completed survey form (EPA-103, Bacteriological Survey for Water
|.aboratories). The primary purpose of this report is to inform Federal and
state authorities in the water supply program as to the acceptability of
data being developed in the laboratory for use in water quality monitor-
ing. This status report is then further detailed with recommendations
[ directed toward furthering improved data refinement and monitoring
' effectiveness. Where deviations from Srandard Methods or the recom-
mended procedures in the EPA Microbiology Methods Manual are ob-

| served, the problem should be described with supporting evidence. Re-
| commendations must also include an adequate rationale of the need for
change. The technical report must not be used by the laboratory survey
officer as a mechanism to express unsupported personal opinions nor
should the report be used to promote personal favorite choices of
methods, media, instruments, or commercial products without factual

data or other evidence (o support such claims. The text must be written in
clear, concise, precise language. Sheer bulkiness of the report is no

criterion of excellence, Finally, the narrative report must be prepared
promptly upon laboratory survey officer’s return to the duty station while
the facts are still readily recalled from notes, survey form, and memory.
The Federal Water Supply program recommends the lollowing format:

1. Title

This first section of the report immediately identifies the what, where,
when, and by whom for the reader.

Survey Report on the
Bacteriological Examination of Water
at the
(name of laboratory)
(street address)
(City, State, Zip Code)
{date of survey)
by
{name, title, orgamzation,
and address
of reviewing consultant)
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2. Laboratory Certification Status

This section immediately announces the survey officer’s decision on
the laboratory certification status,
Example:

The equipment and procedures employed in the bac-
teriological analysis of water by this laboratory con-
formed with the provisions of Standard Methods for the
Examination of Water and Wastewater (current edition)
and with the provisions of the Federal Drinking Water
Standards (see most recent update in the Federal Regis-
ter), except for the items marked with a cross ** X’ on the
accompanying survey form (EPA-103). Items marked
0" do not apply to the procedures programed in this
laboratory. Specific deviations are described, and ap-
propriate remedial action for compliance is given in the
following recommendations:

3. Recommendations

List each deviation by item number used on the survey form; describe
exact deviation, supplement by tabular data or specific case histories if
necessary, and recommend procedural change for compliance with stan-
dard procedures.

4. Laboratory Evaluation Program

This section applies only when a Federal or state laboratory program,
whose responsibility it is to evaluate other water laboratories within its
geographical areas of responsibility, is, itself, being evaluated. All
laboratories known to examine water within the geographical area, the
nature of their involvement (bacteriological), dates of the most recent
laboratory evaluations, and the names of the specific survey officers
should be tabulated. Results of a split sampling program for these certified
laboratories should also be included in the table whenever this supple-
mental service is performed. Where the program activity requires the
endorsement of new or additional survey officers, a statement of their
acceptability should be included in this section. Such endorsements can
only be made after the senior evaluation officer in the state or Federal
laboratory evaluation service has observed the candidate's technical

competence and approach to the assignment during a survey,
Example:

Ms. O. Serve, Supervising Microbiologist II1, is the
designated state water laboratory survey officer. During
my 2-day conference on laboratory procedures at the
Central Laboratory, Ms. Serve demonstrated the qual-
ities of temperament desirable to obtain the cooperation
of laboratory personnel in improving their procedures
where necessary, without incurring a feeling of resent-
ment, Ms. Serve is familiar with bacteriological indicator
concepts, detection methods using multiple tube, mem-
brane filter and pour plate techniques, laboratory ap-
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paratus, media requirements, and analvses of laboratory
records. For these reasons, we are pleased to certify Ms.
Serve as the State Environmental Protection Agency (or
State Health Department) water laboratory survey of-
ficer.

5. Remarks

Additional comments on procedures, description of special tesis, re-
cord systems, equipment, space, and personnel needs may be included
under this head. If there are no remarks, delete this section from narrative
report.

. Commendation

If there is administrative protocol or laboratory leadership in the water
program deserving special commendation, place such remarks under this
head. Such commendation should only be used for outstanding perfor-
mance and include an adequate description of the impact on the water
program. If no commendation is included, delete this section from narra-
tive report.

7. Personnel Certification

Names and titles of personnel together with a general statement of the
scope of procedures for which each individual has been approved are
listed in this section. Names listed either by rank orin alphabetical order,
Examples:

Dr. E. Coli, supervising bacteriologist, is approved for
the application of multiple tube procedure and mem-
brane filter method for total coliform detection and the
standard plate count to the examination of potable water;
and the fecal coliform, fecal streptococcus and Safmonelin
technigues to a variety of raw surface and groundwaters
used for public water supply intake and treatment.

Ms. C. Water, laboratory technician, is approved for
‘he application of the membrane filter total coliform pro-
cedure, and standard plate count examination of potable
water.

As an alternative approach, personnel certification may also be givenin
a blanket approval to the staff, if all are equally knowledgeable and
involved in the various water examination procedures,

Example:

The following laboratory personnel are approved for
the application of the membrane filter total coliform pro-
cedure (or multiple tube procedure) and the standard
plate count to the examination of potable water:

Dr. P. Gram, Supervising Microbiologist
Mrs. B. Scope, Public Health Bacteriologist
Mr. M. Filter, Laboratory Technician 1V

This staff is also approved for the application of total
coliform, fecal coliform, fecal streptococcus,
Pseudomonas aeruginosa, and Salmonella procedures

THE NARRATIVE REPORT 173



WWM-gtz  samall G juall 5 olaall o ol zali 5 O i pll-sloall s sl 5055

- 157 -

to a variety of waters including fresh and marine recrea-
tional waters, effluents, and stream water quality mea-
surements.

8. Conclusions

Give descriptive conclusions: include recommendations for approval
or rejection of the laboratory. Typical conclusions of laboratory quality
fall into one of three categories: (a) unqualified acceptance; (b) qualified
acceptance; or (¢) prohibitive status. Unqualified acceptance is the high-
est rating given to those laboratories that had no apparent deviations from
standard procedures during the period of the on-site survey, Qualified
acceplance recognizes some deviations from acceptable procedures—
deviations that do not seriously affect the validity of results, The prohibi-
tive rating is given when the laboratory lacks essential equipment, mate-
rials, or properly trained personnel, any one or all of which results in
major technical deficiencies that grossly affect the validity of laboratory
results. Reclassification of a laboratory on prohibitive status will require
acquisition of essential laboratory equipment and supplies necessary to
perform the bacteriological tests as described in the current editions of
Standard Methods for the Examination of Water and Wastewater or in
the EPA Microbiological Methods Manual, in addition to training the
designated laboratory personnel in basic techniques used in water bac-
teriology. Upon satisfactory completion of these requirements, the
laboratory directors should request a resurvey of the laboratory, pro-
vided they wish the laboratory data to be used in any official compliance
monitoring program.

The specific categories of conclusions can be expressed as:

A. Ungualified Acceptance

The procedures and equipment in use at the time of this survey were
in compliance with the provisions of Standard Methaods for the Examina-
tion of Water and Wastewater (current edition) and the Federal Drinking
Water Standards (Federal Register, current revision). Therefore. it is
recommended that the results of bacteriological examinations made by
this laboratory be accepted as official data defined by the Safe Drinking
Warer Act (Public Law 93-523, Dec. 16, 1974).

B. Qualified Acceptance

The procedures and equipment in use al the time of this survey com-
plied in general with the provisions of Standard Methods for the Exami-
nation of Water and Wastewater {current edition) and the Federal Dvink-
ing Water Standards (Federal Register, current revision), and with cor-
rection of deviations listed, it is recommended that the results of bac-
teriological examinations made by this laboratory be accepted as official
data defined by the Safe Drinking Water Act (Public Law 93-523, Dec. 16,
1974).

€. Prohibitive Status

The procedures and equipment in use at the time of this survey showed
major deviations from the provisions of Standard Methods for the
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Examination of Water and Wastewater (current edition) and the Federal
Interim Drinking Water Standards (Federal Register, current revision).

As a result of procedural deficiencies, test sensitivity is below an
acceptable level for monitoring potable water quality, established at one
coliform organism per ml. The laboratory is, therefore, placed on a
prohibitive status for the bacteriological examination of public water
supplies as required by the Safe Drinking Water Act (Public Law 93-523,
Dec. 16, 1974).

Requirements for a reclassification of this laboratory to acceptable
compliance will require: (a) acquisition of essential equipment items and
supplies; (b} training of designated laboratory personnel in basic
technigues used in water bacteriology, followed by; (c) satisfactory com-
pliance in a resurvey of the laboratory to be requested at such time as the
laboratory director deems that deficiencies cited in this report have been
satisfied.,

The narrative report must be signed by the survey officer or consultant
who conducted the evaluation and prepared the completed survey form,

PROCESSING THE REPORT

In a cover letter prepared to accompany the report, comments concern-
ing deviations are summarized and the laboratory director is requested to
respond promptly, indicating that compliance or corrective actions were
taken. Copies of the evaluation report (cover letter, narrative, and survey
form) should be forwarded to the appropriate EPA regional office, the
state engineering director, and state laboratory director. The original
copy should be retained in the office of the laboratory survey officer as
part of the file on this program activity.
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GUIDELINES ON PREPARING AND PROCESSING
A NARRATIVE REPORT
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GLOSSARY

abatement: The method of reducing the degree or intensity of pollution,
also the vse of such a method.

acclimation: The physiological and behavioral adjustments of an organism
to changes in its immediate environment.

acid: Most commonly refers to a large class of chemicals having a sour
taste in water; ability to dissolve certain metals, bases or alkalies to
form salts and to turn certain acid-base indicators to their acid form.
Characterized by the hydrated H ion.

aeration: The process of adding oxygen to, removing volatile constituents
from, or mixing a liguid by intimate contact with air.

aerobe; An organism capable of growing in the presence of oxygen.

aerobic: Description of biological or chemical processes thal can occur
only in the presence of oxvgen.

aerosol: A suspension of liquid or solid particles in the air.

agar: Dried polysaccharide extract of red algae (Rhodophyceae)used as a
solidifying agent in microbiological media.

algae: Primitive plants, one- or many-celled, usually aquatic and capable
of growth on mineral materials via energy from the sun and the green
coloring material, chlorophyll.

alkalinity: The sum of the effects opposite in reaction to acids in water.
Usually due to carbonates, bicarbonates, and hydroxides; also in-
cluding borates, silicates and phosphates.

amperometric chlorine residoal: A means of determining residual availa-
ble chlorine with phenyl arsene oxide (PAC) titration using current
response as an indicator of equivalence. For wastewater, the PAO
preferably is used in excess with iodine backtitration.

anaerobe: An organism capable of growing in the absence of atmospheric
oxygen, with essential oxygen being obtained from sulfates, carbon-
ates, or other oxygen-containing compounds.

anaerobic: Life processes or chemical reactions that occurin the absence
of oxygen or a condition in which dissolved oxygen is not detectable
in the aguatic environment.

amion: A negatively charged ion in waler solution. May be a single or a
combination of elements, e.g., the Cl~ ion in 2 water solution of NaCl
(common table salt) or SO7 ion in a H.80, (sulfuric acid) solution.

antibiotic: Organic toxins excreted by a microorganism (bacterium or
fungus) that inhibits or kills another microorganism.

antibody: A protein molecule formed by the body in response m the
presence of an antigen.

antigen: A foreign stimulant (usually a protein) that induces the fﬂrmmmn
of antibodies in the body,
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approved laboratory methods: Approved laboratory methods are those
specified in Standard Methods for the Examination of Water and
Wastewater, prepared and published jointly by the American Public
Health Association. the American Water Works Association. and
the Water Pollution Control Federation and those specified by the
EPA manual Micrebiological Methods for Monitoring the Environ-
TRl .

autoclave: An apparatus using steam under pressure for sterilization.

available residual chlorine: Generally refers to that part of the chlorine
that will react with ortho tolidine or amperometric tests and exhibits
significant germicidal activity.

bacillus: Rod-shaped bacterium; a genus of the family Bacillaceae.

bacteria: Primitive organisms having some of the features of plants and
animals. Generally included among the fungi. Usually do not contain
chlorophyll, hence commonly require preformed organic nutrients

among their foods. May exist as single cells. groups, filaments, or
colonies.

bactericide: Any component that will kill or destroy bacteria.

bacteriophage: A virus that infects bacteria and effects lysis of bacterial
cells.

bacteriostatic; A condition during which the normal metabolic functions
of bacteria are arrested until favorable conditions are restored.

biological oxidation: The process by which bacterial and other microor-
ganisms feed on complex organic materials and decompose them.
Self-purification of waterways and activated sludge and trickling
filter waste water treatment processes depend on this principle. The
process is also called biochemical oxidation.

BODs: The amount of dissolved oxygen consumed in 5 days by biological
processes breaking down organic matter in an effluent.

buffer action: An action exhibited by certain chemicals that limits the
change in pH upon addition of acid or alkaline materials to a medium
orother fluid, In surface water, the primary buffer action is related to
carbon dioxide, bicarbonate, and carbonate equilibria.

capsule: A gelatinous envelope or slime layer surrounding the cell wall of
certain microorganisms.

carrier: A person in apparently good health who harbors a pathogenic
microorganism.

catalyst: A substance that influences the rate of chemical change but
either remains unchanged during the reaction or is regenerated
thereafter.

centigrade: (Celsius) A temperature measurement in which the freezing
point of pure water at sea level is designated as 0°C and the boiling
point designated as 100°C.

cfs: Cubic feet per second. a measure of the amount of water passing a
given point.

chloramines: Products of the combination of chlorine and ammonia.
Commonly classified as combined awvailable chlorine.
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chlorination: The application of chlorine to water or wastewater for the
purposes of disinfection, oxidation, odor control, or other effects.
Pre-chlorination — before treatment: post-chlorination — after
treatment; in-process chlorination — during treatment.

chlorine demand: The difference between applied chlorine and residual
available chlorine in aqueous media under specified conditions and
contact time. Chlorine demand varies with dosage, time, tempera-
ture, nature, and amount of the water impurities.

coagulant: A chemical, or chemicals, which when added to water suspen-
sions will cause finely dispersed materials to gather into larger mas-
ses of improved filterability, settleability. or drainability.

coagulation: The clumping of particles to settle oul impurities; often
induced by chemicals such as lime or alum.

cocens: A spherical bacterium.

coliform group: A group of bacteria that inhabits the intestinal tract of
man, warm-blooded animals: may be found in plants, soil, air, and
the aquatic environment. Includes aerobic and facultative gram
negative nonspore forming bacilli that ferment lactose with gas for-
mation.

colloid, colloidal state: A state of suspension in which the particulate or
insoluble material is in a finely divided form that remains dispersed in
the liquid for extended time periods. Usually cloudy or turbid sus-
pensions requiring flocculation before clarification.

colony: A macroscopic mass of microorganisms growing together, the
cells of which have a common origin; often used in a limited sense to
refer to bacterial masses growing on a solid medium.

combined available chlorine: Generally refers to chlorine-ammonia com-
pounds exhibiting a slower reaction with ortho tolidine, determina-
ble with pheny| arsene oxide after addition of potassium iodide under
acid conditions; usually requires higher concentration and longer time
to kill microorganisms in comparison with free available chlorine.

communicable: Pertaining to a disease whose causative agent is readily
transferred from one person to another.

contamination: A general term referring to the introduction of materials
into water that make the water less desirable for its intended use.
Also introduction of undesired substances into air, solutions, or
other defined media (chemical or biological).

counterstain: A background stain applied to stained material to increase
contrast.

criterion (pl. criteria): Some physical, chemical, or biological characteris-
tic that can be measured. Commonly used as a basis for standards.

cross connection: In plumbing, a physical connection between two differ-
ent water systems. such as between potable and polluted water lines.

deionized water: Water that has been treated by ion exchange resins or
compounds to remove cations and anions present in the form of
dissolved salts.

desalinization: Salt removal from sea or brackish water.
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detritus: The heavier material moved by natural flow, usually along the
channel bed. Sand, grit, or other coarse material.

differential medium: Medium developed to elicit a specific characteristic
of an organism or group of organisms.

digestion: The biochemical decomposition of organic matter. Digestion of
sewage sludge takes place in tanks where the sludge decomposes and
results in partial gasification, liquefaction, and mineralization of
pollutants.

disinfection: Effective killing by chemical, radiation, or physical process-
es of all organisms capable of causing infectious disease. Chlorina-
tion is the disinfection method commonly emploved in water and
sewage treatment processes,

dissolved oxygen (DO); The oxygen dissolved in waler or sewage.
Adequately dissolved oxygen is necessary for the life of fish and
other aquatic organisms and for the prevention of offensive odors.
Low dissolved oxygen concentrations generally are due to discharge
of excessive organic solids having high BOD and are the result of
inadequate waste treatment.

distilled water: A purified water resulting from heat vaporization followed
later by vapor condensation to separate the water from nonvolatile
impurities,

drinking water standards: A list of standards prescribed for potable water
acceptable for public consumption. The standards concernsources,
protection, and bacteriological, biological, chemical, and physical
criteria—some mandatory, some desired.

ecology: The interrelationships of living things to one another and to their
environment or the study of such interrelationships.

effluent: Sewage, water, or other liguid, partially or completely treated or
inits natural state, flowing from a reservoir, basin, or treatment plant
into receiving streams or marine coastal waters.

endemic: Peculiar to or occurring constantly in a community.

endogenous metabolism: A diminished level of metabolism in which vari-
ous materials previously stored by the cells are oxidized.

endotoxin: A toxin produced in an orgamsm and liberated only when the
organism disintegrates,

enteric organisms: Those organisms commonly associated with the intes-
tinal tract of warm-blooded animals.

epidemiology: The study of diseases as they affect populations.
equivalent terms:

Exponential
Value American System Symbol  British System Symbaol
1 = 107" parts per million ppm  parts per million ppm
| x 10-*  parts per billion ppb parts per milliard ppm
1 = 10~*  parts per trillion ppt parts per hillion ppb

estuaries: Argcas where the fresh water meeis salt water, For example, at
bays, mouths of rivers, salt marshes, and lagoons.
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eutrophic lakes: Shallow lakes, weed-choked at the edges and very richin
nutrients, The water is characterized by large amounts of algae, low
water transparency, low dissolved oxygen and high BOD,

eutrophication: An action involving the aging of lakes; characterized by
nutrient enrichment and increasing growth of plant and animal or-
ganisms. The net effect is to decrease depth until the lake becomes a
bog and eventually dry land. Man-made pollution tends to hasten the
process.

facultative bacteria: Bacteria that can adapt themselves to growth and
metabolism under aerobic or anaerobic conditions. Many organisms
of interest in wastewater stabilization are among this group.

fahrenheit: A temperature scale in which pure water at sea level freezes at
32°F and boils at 212°F.

fastidious organism: An organism that is difficult to isolate or cultivate on
ordinary culture.

fecal coliforms: A subgroup of coliform bacteria that has a high positive
correlation with fecal contamination associated with all warm-
blooded animals. These organisms can ferment lactose at 44.5°C and
produce gas in a multiple tube procedure (EC confirmation) or acid-
ity in the membrane filter procedure (M-FC medium).

fecal streptococci: Bacterial indicators of fecal pollution whose normal
habitat is the intestinal tract of man and other warm-blooded ani-
mals. Species and their varieties of particular interest include: §.
faecalis, 8. faecalis var. liquefaciens, 8. faecalis var. zyvmogenes, 8.
durans, 8. faecium, §. bovis, and §. eguinus.

fermentation: A form of respiration by organisms that requires little or no
free oxygen, vields alcohol and carbon dioxide as end products, and
releases only part of the food energy available; e.g.. the conversion
of sugars into alcohol by enzymes from yeuasts.

filamentous: Characterized by threadlike structures.

filter: A porous media through which a liquid may be passed to effect
removal of suspended materials. Filter media may include paper,
cloth, sand, prepared membranes, gravel, asbestos fiber, or other
granular or fibrous material.

filtrate: Liquid that has passed through a filter.

filtration rate: A rate of application of water or wastewater to a filter.
Commonly expressed in million gallons per acre per day or gallons
per square foot per minute.

Nagellum: A flexible, whiplike appendage on some bacterial cells; used as
an organ of locomotion,

floc: Gelatinous or amorphous solids formed by chemical, biological, or
physical agelomeration of fine materials into larger masses that are
more readily separated from the liguid.

free available chlorine: Generally refers to that chlorine existing in water
as the hypochlorous acid. Characterized by rapid color formation

with ortho tolidine, Can be titrated in neutral solution with phenyl
arsene.
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fungi: Simple or complex organisms without chlorophyll. The simpler
forms are one-celled: higher forms have branched filaments and

complicated life cycles. Examples are molds, yeasts, and mush-
rOOMms.,

germicide: A chemical agent that kills MICrOOrganisms.

Gram stain: A differential stain by which bacteria are classed as Gram-
positive or Gram-negative depending upon whether they retain or
lose the primary stain (erystal violet) when subjected to treatment
with a decolorizing agent.,

groundwater: The supply of freshwater under the earth’s surface in an
aquifer or soil that forms a natural water resource.

growth curve: Graphic representation of the growth (population changes)
of bacteria in a culture medium.

habitat: The natural environment of an organism.

hardness: Commonly refers to chemicals interfering with soap action or
producing scale in boilers or heating units. Specifically refers to cal-
cium and magnesium salts such as bicarbonate, carbonates, chlo-
rides, and nitrates, sometimes includes iron, aluminum and silica.

hurmus: A brown or black complex and variable material resulting from
decomposition of plant or animal matter.

hydrostatic head: The pressure exerted by a given height of liquid above a
given datum point. May be listed in feet of head, pounds per square
inch, or other criteria.

IMViC test: A collection of tests used to differentiate Escherichia from
Aerobacter. IMVIC stands for Indole, Methyl Red, Voges-Pros-
kauer, and Citrate. The **i’" is for pronunciation convenience only.

indicator: A substance that changes color as conditions change; e.g.. pH
indicators reflect changes in acidity or alkalinity. Redox indicators
respond to changes in reduction-oxidation potential.

infection: Introduction of a foreign organism that can multiply and pro-
duce a resulting change from normal.

influent: Material entering a process unit or operation.

inhibition: Prevention of growth or multiplication of MiCroorganisms.

inoculum: A concentration of microorganisms added to a medium to
initiate a growth response.

inorganic: Being composed of material other than plant or animal mate-
rials. Forming or belonging to the inanimate world.

interstate carrier water supply: A water supply whose water may be used
for drinking or cooking purposes aboard common carriers (planes,
trains. buses, and ships) operating interstate. Interstate carrier water
supplies are regulated by the Federal government,

interstate waters: According to law, waters defined as: (1} rivers, lakes,
and other waters that flow across or form a part of State or interna-
tional boundaries: (2) waters of the Great Lakes; (3) coastal waters,
the scope of which has been defined to include ocean waters seaward
to the territorial limits and waters along the coastline {including
inland streams) influenced by the tide.

-
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leaching: The process by which soluble materials in the soil, such as
nutrients, pesticide chemicals, or contaminants, are washed into a
lower layer of soil or are dissolved and carried away by walter.

medium (pl. media): Any substance that supports the growth and multi-
plication of microorganisms.

membrane filter (MF): A flat, highly porous, flexible plastic disc, com-
monly about 0.15 mm in thickness and 47-50 mm in diameter. Mem-
brane filters with a pore size of 0.45u are used in water microbiology
to entrap organisms from a sample. With the use of selected media,
incubation time, and choice of temperature, they permit direct
enumeration by colony count of selected organisms.

meniscus: The curved upper surface of a liguid in a tube that is concave
upward when the containing walls are wetted by the confined liquid
and convex upward when they are not.

mesophillic: Organisms capable of optimum metabolic activities at tem-
peratures from about 80° to 110°F (26" to 42°C). _

metabolite, essential: A substance whose presence in very low concentra-
tion (micrograms per milliliter or below) must be supplied from an
external source so that the organism may carry out its normal func-
tions or so that a specific biochemical reaction may be allowed to
proceed,

meter: The length of a reference platinum bar used as a standard unit of
measurement oflength in the metric system; 1 meter = 39.37 inches.

mg/l: Milligrams per liter; a unit of concentration on a weight/volume
basis. Equivalent to ppm when the specific gravity of the liquid is 1.0.

micro: 171,000,000 of a unit of measurement, such as microgram, micro-
liter.

milli: An expression used to indicate 1/1000 of a standard unit of weight,
length or capacity (metric system):

Milliliter (ml) 1/1000 liter il
Milligram (mg) 1/1000 gram (g)
Millimeter (mm) 1/1000 meter (m)

mixing zone: An area where two or more substances of different charac-
teristics blend to form a uniform mixture; i.e., chlorine application,
heated water, or other discharged materials entering a water mass
will show significant differences of chlorine residual, temperature,
or other coteria. These differences depend on the sampling location
throughout the mixing zone and approach uniform results with re-
spect to lateral, longitudinal, and vertical sampling positions when
mixing has been completed.

muoisture content: The content of water in some material. Commonly
expressed in percentage of moisture in soil, sludge, or feces.

most probable number (MPN): A statistical method of determining micro-
bial populations. A multiple dilution tube technique is utilized with a
standard medium and observations are made for specific individual
tube effects. Resultant coding is translated by mathematical proba-
bility tables into population numbers.

nitrification: The biclogical oxidation of ammonia to nitrate.
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normality: (a) A means of expressing the concentration of a standard
solution in terms of the gram equivalents of reacting substances per
liter. {(b) Generally expressed as a decimal fraction, such as 0.1 or
0.02 N,

nutrients: (a) Anything essential to support life. (b) Include many com-
mon elements and combinations of them. The major nutrients in-
clude carbon, hydrogen, oxygen, nitrogen, sulfur, and phosphorus,
{c) Nitrogen and phosphorus are of major concern because they tend
to recycle and are difficult to control.

organic: Substances formed as aresult of living plant or animal organisms.
Generally contain carbon as a major constituent,

organic chloride: Compounds containing chlorine in combination with
carbon, hvdrogen, and certain other elements.

ortho tolidine chlorine test: The dve ortho tolidine, under highly acid
conditions, produces a vellow color proportional in intensity to the
concentration of available residual chlorine and certain other oxi-
dants or interfering materials.

outfall: The mouth of a sewer. drain, or conduit where an effluent is
discharged into the receiving waters.

oxidation: Chemically, the addition of oxygen, removal of hydrogen, or
the remowval of electrons from an element or compound.

parasite: An organism that lives in or on another organism and results in
varying degrees of harm or damage.

particulates: Detectable solid material dispersed in a gas or liquid. Small-
sized particulates may produce a smoky or hazy appearance in a gas
and a milky or turbid appearance in a liguid. Larger particulates are
more readily detected and separated by sedimentation or filtration.

pasteurization: Use of heat for a prescribed period of time to reduce the
total number of microorganisms, especially pathogenic or otherwise
undesirable forms.

pathogen: An organism capable of eliciting disease symptoms in another
Organism,

Petri dish: Double glass or plastic dish used to cultivate microorganisms,

pH: An index of hydrogen ion activity. Defined as the negative logarithm
{base 10) of H* ion concentration at a given instant, On a scale of 0 to
14, pH 7.0 is neutral; pH less than 7.0 indicates a predominance of H*
or acid ions; pH greater than 7.0 indicates a predominance of OH - or
alkaline ions.

pollutant: Dredged spoil, solid waste, incinerator residue, sewage, gar-
bage, sewage sludge, munitions, chemical waste, biological mate-
rials, radioactive materials, heat, wrecked or discarded equipment,
rock, sand, and industrial, municipal, and agriculiural wasie dis-
charged into water.

pond: A basin or catchment for retaining water used tor equalization,
stabilization, or other purposes. Commonly less than 5 feet deep,

potable water: Water suitable (from both health and aesthetic considera-
tions) for drinking or cooking purposes.
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ppm (parts per million): A unit of concentration signifying parts of some
substance per million parts of dispersing medium. Equivalent numer-
ically to mg/l when the specific gravity of the solution is 1.0.

precipitate: The formation of solid particles in a solution, or the solids that
settle as a result of chemical or physical action that caused the solids
to suspend from solution.

pressure: The total load or force acting upon a surface. In hydraulics, the
term commonly means pounds per square inch of surface, or kKilo-
Erams per square ¢m, above atmospheric pressure on site. (Atmos-
pheric pressure al sea level is about 14.7 pounds per square inch.)

primary effluent: Effluent from a sewage treatment process that provides
partial removal of sewage solids by physical methods so that 1 liter of
the effluent does not contain more than 1 ml of settleable solids as
determined by an approved laboratory method.

proteins: Naturally occurring compounds containing carbon, hydrogen,
nitrogen, and oxygen, with smaller amounts of sulfur and phos-
phorus and trace components essential to living cells.

protozoa: Single-cell or multiple-cell organisms, such as amoeba, celiates,
and flagellates. Commonly aguatic and generally deriving most of
their nutrition from preformed organic food.

psychrophilic organisms: Low-temperature-loving organisms, or or-
ganisms having a compeltilive advantage over other organisms at
lower temperatures, i.e., from about 10°C downward to the freezing
point.

public water supply: A water supply with at least |5-service connections
on the distribution network or a supply regularly serving at least 25
individuals. This system includes the water works and auxiliaries for
collection, treatment. storage, and distribution of the water from the
sources of supply to the free-flowing outlet of the ultimate consumer.

pure culture: A culture containing only one species of organism.

putrefaction: Biological decomposition of organic matter with the forma-
tion of ill-smelling products, such as hydrogen sulfide amines, mer-
captans; associated with anaerobic conditions.

qualitative: Defines a procedure for detecting the occurrence of organisms
or chemical entities in water; applied to nenmeasurable aspects.

quantitative: Defines a procedure or object in terms of its measureable
aspects or characteristics; implies the use of mathematics, especially
statistics.

receiving waters: Rivers, lakes, oceans. or other bodies that receive
treated or untreated waste waters.

reclaimed waste water: Waters originating from sewage or other waste
that have been treated or otherwise purified to permit direct benefi-
cial reuse or to allow reuse that would not otherwise occur.

reservoir: A pond, lake, tank, or basin, natural or man-made, used for the
storage, regulation, and control of water.

river basin: The total area drained by a river and its tributaries.
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salt: A chemical compound formed as a result of the interaction of an acid
and an alkali (base). The most common salt is sodium chloride
formed from hydrochloric acid and sodium hydroxide. This ionizes
in water solution to form sodium and chloride ions.

saprophytic: Organisms feeding or growing on dead or decaying organic
matter. Organisms that utilize nonliving organic matter as a food.

saturation: Commonly refers to the maximum amount of any material that
can be dissolved in water or other liguid at a given temperature and
pressure. For oxygen, this commonly refers to a percentage satura-
tion in terms of the saturation value, such as about 9 mg 0, per liter at
205C.

screen: A device with openings, generally having a relatively uniform
size, that permits liguid to pass but retain larger particles. The screen
may consist of bars, coarse to fine wire, rods, gratings, paper,
membranes, ete., depending upon particle size to be retained,

sedimentation: The process of subsidence and deposition of suspended
matter from wastewater by gravity. Also called clarification, set-
tling.

sewage: Liquid or solid refuse (domestic and industrial wastes) carmied off
in sewers.

sewage slimes: Consisting of organisms growing on wastewaler nutrients
and forming mucilaginous films, streamers, or clumps. May consist
of bacteria, molds, protozoa, or algae.

sewer: A pipe or conduit, generally covered, for the purposes of convey-
ing wastewaters from the point of origin to a point of treatment or
discharge.

sludge: Accumulated or concentrated solids from sedimentation or
clarification of wastewater. Contains varying proportions of solids in
wastewaler depending upon source, process, and nature.

sludge banks: An accumulation of solids, including =ilt, mineral, organic,
and cell mass particulate material, that is produced in an aguatic
system characterized by low current velocity. Generally refers to
gross deposits of appreciable depth.

sludge cake: The solids remaining after dewatering sludge by vacuum,
filtration, or sludge drving beds. Usually forkable or spadable, with a
water content of 30 to B0%. Also may occur on the boundaries of
surface water,

smear: A thin layer of matenial, e_g., bacterial culture, spread on a glass
slide for microscopic examination. Also referred to as a film.

solution: a) A homogenous mixture of gas, liquid, or solid in a liguid that
remains clear indefinitely.
b} Generally an atomic, ionic, or molecular dispersion in a liquid

{may be colored).

c) A water solution of dissolved material.

specific gravity (Sp. Gr.): a) The weight of a material per unit volume in
reference to the weight of water at maximum density.
b) Water at 4°C has a weight of 1 gram per ml. The weight ratio of any

substance divided by the weight of water is the specific gravity.

spore: A reproductive unit, lacking a preformed embryo, that is capable of

germinating directly to form a new individual. A resistant body
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formed by certain microorganisms; a resistant resting cell; a primi-
tive unicellular reproductive body,

stabilization: (a) The activity proceeding along the pathway to stability.
(b) In organic wastes, generally refers to oxidation via biochemical
pathways and conversion to gaseous or insoluble materials that are
relatively inert to further change.

stain: A dye used to color microorganisms; used an an aid to visual
inspection.

standard: A measurement limit set by authorityv, Having qualities or
attributes required by law and defined by minimum or maximum
limits of acceptability in terms of established criteria or measurable
indices.

standard methods: Methods of analysis prescribed by joint action of
American Public Health Association, American Water Works As-
sociation, Water Pollution Control Federation, or U.S. Environmen-
tal Protection Agency. Methods accepted by authority.

standard plate count: A measure of the general bacterial population in
potable water and swimming pool water using standard plate count
agar, 48-hour incubation, and 35°C incubation temperature. The
incubation time of standard plate counts of bottled water, done as for
potable water supplies, is extended to 72 hours because of the slow
generation times for organisms in this water environment.

sterilization: The process of making a medium free of living organisms
such as by killing them, filtering them through a porous medium fine
enough to be a barmer to the passage of organisms, elc.

stock cultures: Known species of microorganisms maintained in the
laboratory for various tests and studies.

stormwater: The runoff of rain and melted snow into the natural drainage
pattern.

strain: A pure culture of microorganisms composed of the descendants of
a single isolate.

substrate: (a) Any substance used as nutrient by a microorganism, (b) The
liguid in an activated sludge aeration tank.

supernate: The liquid over a precipitate or sediment; the fluid remaining
after removal of suspended matter.

suspended solids: The concentration of insoluble materials suspended or
dispersed in waste or used water. Generally expressed in mg per liter
on a dry weight basis. Usually determined by filtration methods.

symbiosis: The living together of two or more organisms in a mutually
beneficial state.

synergism: The ability of two or more organisms to bring about changes
(usually chemical) that neither can accomplish alone.

thermal pollution: Degradation of water quality by the introduction of a
heated effluent. Primarily a result of the discharge of cooling waters
from industrial processes, particularly from electrical power genera-
tion. Even small deviations from normal water temperatures can
affect aquatic life. Thermal pollution usually can be controlled by
cooling towers.
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thermophilic: High-temperature-loving organisms. Generally considered
to include organisms having a favorable competitive advantage at
temperatures above 110°F or 42°C,

titration: The careful addition of a standard solution of known concentra-
tion of reacting substance to an equivalence point to estimate the
concentration of a desired material in a sample,

TOC: Total organic carbon. A test expressing wastewater contaminant
concentration in terms of the carbon content.

total solids: Refers to the solids contained in dissolved and suspended
form in water. Commonly determined on a weight basis by evapora-
tion to dryness.

ultravieolet rays: Radiations in the part of the spectrum having
wavelengths from about 3,900 Angstrom to about 200 Angstrom.

velocity (flow): A rate term expressed in terms of linear movement per unit
of time. Commonly expressed in ft per sec (English) or cm per sec
(metric).

virulemce: The capacity of a microorganism to produce disease.

virus: An obligate intracellular parasitic microorganism smaller than bac-
teria. A term generally used to designate organisms that pass filtra-
tion media capable of removing bacteria. Technically described as a
collective term covering disease stimuli held by some (o be hving
organisms and by others to be nucleic acids capable of reproduction
and growth.

Voges-Proskauer reaction: A test (VP test) for the presence of acetyl-
methylcarbinol to assist in distinguishing between species of the
coliform group.

volatile acids: A group of low-molecular-weight acids, such as acetic and
propionic, that are distillable from acidified solution.

volatile material: a) Descriptive of chemicals having a vapor pressure low
enough to evaporate from water readily at normal temperatures. b)
With reference to dry solids, the term includes loss in weight upon
ignition at 600°C,

wastewater: Refers to the used water of a community. Generally contami-
nated by the waste products from household, commercial, or indus-
trial activities. Often contains surface wash, storm water, and infilt-
rations water,

water pollution: The addition of sewage, industrial wastes, or other harm-
ful or objectionable material (o waler in concentrations or in suffi-
cient quantities to result in measurable degradation of water quality.

water quality criteria: The levels of pollutants that affect the suitability of
water for a given use. Generally, water use classification includes:
public water supply, recreation, propagation of fish and other a-
quatic life, agricultural use. and industrial use.

water gquality standard: A plan for water guality management containing
four major elements: the use (recreation, drinking water, fish and
wildlife propagation, industrial, or agricultural) to be made of the
waler; criteria to protect those uses; implementation plans (for
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needed industrial-municipal waste treatment improvements) and en-
forcement plans; and an anti-degradation statement to protect exist-
ing high quality. waters,

watershed: The area drained by an entire river system, including tributary
streams and intermittent creeks.

water supply system: The system for the collection, treatment, storage,
and distribution of potable water from the sources of supply to the
CONSUMer.

water table: The upper level of groundwater.

zoogloea: A jelly-like matrix developed by certain microorganisms at

some stage in their life cycle. Commonly associated with sludge
flocculation in biochemical treatment operations.
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- &>

"ENVIRONMENTAL PROTECTION AGENCY

Water Quality Office Indicating conformity with the 13th

Water Hygiene Division

edition of Standard Methods for the

Examination of Water and Waste-

Bacteriological Survey for water (1971).
Water Laboratories

Survey By X = Deviation U = Undetermined

O = Not Used

Laboratory Location

Date

Sampling and Monitoring Response

1. Location and Frequency
Repregentative points on system. o o 20 @ 4 a6 e o e
Frequency of sampling adequate. . . . . . . . . . . .

2. Collection Procedure

Faucets with aerators should not be used. . . . . . .
Flush tap 1 min, prior to sampling , ., e L
Pump well 1 min, to waste prior to samplmg E T
River, stream, lake, or reservoir sampled at Ieast

6 inches below surface and toward current. . . . . .
Minimum sample not less than 100ml1 . . . . . . . .
Ample air space in bottle for mixing. . . . et fur- o
Promptly identify sample legibly and :.ndehbly e e

3. Bample Bottles
Wide mouth, glass or plastic bottles of capacity.
Sample bottles capable of sterilization and rinse . . . .
Closure:
a. Glass stoppered bottles protected with metal foil,
rubberized cloth or kraft type paper . . . . . .
b. Metal or plastic screw cap with leakproof liner .
Sodium thiosulfate added for dechlorination. . .
Concentration 100 mg/1 added before stemhzatmn
Chelation agent for stream samples (optional), .
Concentration 372 mg/1 added before sterﬂization

4. Transportation and Storage

Complete and accurate data accompanies sample . . .
Transit time for potable water samples should not exceed
48 hrs, preferably within 30 hrs . . . A e ¢
Transit tlme for source waters, reservoirs, and natural

bathing waters should not exceed 6 hrs . , . . . . .
All samples examined within 2 hours of arrival . . . . .

EPA-103 (Cin)
(Rev. 3-T1)
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Laboratory Location Date

T

4, Transportation and Storage (Continued)

Sample refrigeration mandatory on stream samples,
optional on potable water samples, .

5, HRecord of Laboratory Examination
Results assembled and available for inspection . . . . ... . .
Number of Tests per year
MPN Test - Type of sample

Confirmed (+) (-} (Total)
Completed (+) (-} (Total)
MF Test - Type of sample
Direct Count (+) =y (Total) = =
Verified Count (+) (-) (Total)

Data processed rapidly through laboratory and engineering sections.
Unsatisfactory sample defined as 3 or more positive tubes per
MPN test or 5 or more colonies per 100 ml in MF test .

High priority placed on alerting operator to unsatisfactory
potable water results , . . . PR TR e L R e T (e S
Prompt resampling for unsa,tmfac:tory HETR ISR L e s e

B. Laboratory Ewvaluation Serwvice

State program to evaluate all laboratories which examine

Hiothhle WETET BSUPEITEE 0 10 E S vk ok e B by 3L otk et MRl
Frequency of surveys on a yEarmhRaks e s R N
State survey officer (Name) ;
Status of laboratory evaluation service, ., ., . . . . . . ik .

Total labs known te examine water
approved laboratories

provisional laboratories

Laboratory Apparatus

7. Incubator
Manufacturer Model
Sufficient size for daily work load . . . . e .
Maintain uniform temperature in all parts (iﬂ 5°C} e
Accurate thermometer with bulb immersed in liguid on
topsaand DOITOL BRelves, [ Jel te e e e e S
Daily record of temperature or use of recording thermometer
gensitive to 030 whinape: & o o Ia g b s e SRl g T
Incubator not subject to excessive room temperature variations
BEYOna & raigbateplica GO o pS S ST T S TR e e A e

EPA-103 (Cin)
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Date

8. Incubator Room (Optional) Manufacturer

Well insulated, equipped with properly distributed heating
and humidifying units for optimum environmental control.
Shelf areas used for incubation must conform to 35°C + 0, 5°

9. Water Bath

temperature requirement. . , . e e T
Accurate thermometers with bulb :unmersed o lguid, . . .
Daily record of temperature at selected areas or use

recording thermometer sensitive to 0, 5°C changes ., , .
Manufacturer Model
suificient size for fecal coliform tests . . o « & « s 5 & s
Maintain uniform temperature 44.5°C +0,2°C., . . . . . .
Accurate thermometer immersed in water bath , . , . . .

Daily record of temperature or use of recording
thermometer sensitive to 0,2°C changes . ., « + & « &

10. Hot Air Ster:i.lizi.ng Oven

Manufacturer Model

Size sufficient to prevent crowding of interior , . . . . . .

Constructed to insure a stable sterilizing temperature . , .

Equipped with accurate thermometer in range of 160-180°C
or with ' recording thermometer . . . & ¢ &« & o & o » =

11. Autoclave

Manufacturer Model

Size sufficient to prevent crowding of interior . . . . . .
Constructed to provide uniform temperature up to and
Inclading P21RCog. oo e e o s e

Equipped with accurate thermometer with bulb properly loca.ted

to register minimal temperature within chamber . . . .

Pressure gage and operational safety valve . . + « « o « .
Steam source from saturated steam line, or from gas or
electrically heated stearn generator . . « « & o « « & »

Reach sterilization temperature in 30 min, . . . . . « . .

Pressure cooker may be used only if provided with a pressure

gage and thermometer with bulb 1 in, above water level .

12, Thermometers

Accuracy checked with thermometer certified by National
Bureau of Standards or one of equivalent accuracy, ., , .

Liquid column free of discontinuous sections and graduation
sl e 2 Jh O Ve AR e SR LU DU e T e | e

EPA-103 (Cin)
(Rev, 3-T1)

- 179 -



WWM-gtz  samall G juall 5 olaall o ol zali 5 sV el ylloolaall Lim 5) 505 Se

Laboratory Loecation Date -

13. pH Meter

Manufacturer Model

Electronic pH meter accurate to 0.1 pHUnils, . & & o v o o & o s &
14, Balance

Balance with 2 g sensitivity at 150 g load used for general

media preparations, Type M e & e T
Analytical balance with 1 mg sensitivity at 10 g load used

for weighing gquantities less than 2 g, Type T
Appropriate weights of good quality for each balance ., . . . . . . .

15. Microscope and Lamp
Preferably binocular wide field, 10 to 15 diameters magnifi-
cation for MF colony counts, Type e
Flucrescent light source for stieen digcernment. . . . . s s « s s &

16, Colonz Count

Quebec colony counter, dark-field model preferred for
standard piateeniia. ST Tl e e et

17, Inoculating Equipment
Wire loop of 22 or 24 pauge chromel, nichrome, or platinum

iridium, sterilized by flame , , . . . . . P s o e LT
Single-service transfer loops of aluminum or stamless steel, pre=
gterilized by dry heat or steam, . . . . . . e e T e
Disposable single service hardwood applicators, pre-
stemiisedthisdaan Bast OV ool S Ol LR, e = )
18. Membrane Filtration Units
Manufacturer Type
Leak proof during filtration. . , . . ASTER I Tl e

Metal plating not worn to expose base metal i SRR ol o AP E AL e et
19, Membrane filters

Manufacturer Type

Full bacterial retention, satisfactory filtration speed . . . . . « . .

R e T L i T e 1| eyt L e UL S G

Grid marked with non-toxic ink . . . 5 A e R 8 S
Presterilized or autoclaved 121°C for 10 mJ.n. dibeiomh S AR L S s T

20, Absorbent Pads

Manufacturer Type

Filter paper free from growth inhibitory substances, . . . . . . . .
Thickness uniform to permit 1.8 = 2,2 ml medium absorption ., . . .
Presterilized or autoclaved with membrane filters . . . . . . . . .

EPA-103 (Cin)
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Laboratory Location Date
21. Forceps
Preferably round tip without corrugations. . . . . . . .

22,

23.

24,

25,

26.

27.

28.

Forceps are alcohol flamed for use in MF procedure. .

Glassware, Metal Utensils and Plastic I[tems

Media Preparation Utensils

Borogilicate glass « . ¢ & & o & & & 4w ow woxx a4 w w
Staiiilens SheEl, o oo g 50 Ta i e e A e e e e g
Utensils clean and free from foreign residues or
dried moeditiy | 5 w0 @k ST R & e e Fel e e e el e e
Pipets
Brand Type
Calibration error not exceeding 2.5%. .« « « o « s = s + 4 &

Tips unbroken, graduation distinctly marked . . . . . . .

Deliver accurately and quickly, . . . e B ol T 2 Y

Mouth end plugged with cotton {c-p'tional} AR = e
Pipet Containers

Box, aluminum or stainless steel , . . . Gy,

Paper wrapping of good quality sulfite paper (op‘clonal} s

Petri Dishes

Brand Type
Use 100 mm x 15 mm dishes for pour plates . . . . « « « =
Use 60 mm x 15 mm dishes for MF cultures . . . . . .« . =

Clear, flat bottom, free from bubbles and scratches, . . .
Plastic dishes may be reused if sterilized in 70% ethanocl for
30 min. or by ultraviolet radiation , . . + + « « & + &

Petri Dish Containers

Aluminum or stainless steel cans with covers, coarsely woven

wire baskets, char-resistant paper sacks or wrappings .
Culture Tubes

Size sufficient for total volume of medium and sample portions

Borosilicate glass or other corrosive resistant glass

Dilution Bottles or Tubes Fid

Borosilicate or other corrosive resistant glass . . . . . .

Screw cap with leak-proof liner free from toxic substances
on eterilization . + « +» = & % s e . . .

Graduation level indelibly marked on s:.de -:sf bottle or tube 5

EPA-103 (Cin)
(Rev. 3-T71)
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Laboratory Location Date
Materials and Media Preparation
29, Cleaning Glassware
Dishwasher Manufacturer Model
Thoroughly washed in detergent at 160°F, cyecle time .
Rinse in clean water at 180°F, cycle time ARl .
Final rinse in distilled water cycle time Pl LS 2
Detergent brand
Washing procediure leaves no foxic Bomtgian o Tl o Eiy -
Glassware free from acidity or alkalinity , , , . . . NS e e -
30. Bterilization of Materials
Dry heat sterilization {1 hr at 170° (4]
Glassware not in metal ORI RSP L & ol el gl e 4L . . .
Dry heat sterilization (2 hrg at 170°C)
Glassware in metal containers. . . R L R e e, 4
Glasssamplebottles.............. 3o .
Autoclaving at 121°C for 15 min ] e A L T A . .
Plastic sample bottles , , . e Ak e AR o g
Dilution water blanks, , . . . il | g S e e e -
31, Laboratory Water Quality
S5till manufacturer Construction Material
e o
Demineralizer with recharge frequency
Protectedstoragetank e 0, ST RN R e e 1 e .
Supply adequate for all laboratory needs. ., . T Ea .
Free from traces of dissolved metals or chlorine AT T i .
Free from bactericidal compounds as measured
by bacteriological Buitability test , ., . . A A R .
Bacteriological quality of water measured once each year
by suitability test or sooner if necessary , , . i oy .
52, Buffered Dilution Water
Stock phosphate buffer solution o o e o i e e v
Prepare fresh stock buffer when turbidity appears , . p —
Stock buffer autoclaved and stored at 5 - 10°C , , T s - A
1.25 ml stock buffer per 1 liter distilled R ) L
Dispense to give 99 + 2 ml or 9 + 0, 2 m1 after autoclaving, ., ., . -
33. pIH Measurements
Calibrate pH meter against appr(iariate standard buffer prior to use .
Standard buffer brand pH
Check the pH of each sterile medium batch or at least one batch
from each new medium lot IERBErE Lo il i e
EPA-103 (Cin)
6
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Laboratory Location Date
33. pH Measurements (Continued)
Maintain a pH record of each sterile medium batch,
eI TR e o R £ a o R SR SR Sou TS S N S S N

34. Bterilization of Media

Carbohydrate mediim sterilized I21°Cifor 12 min. . . « &« = -« « =

AN cther media attoclawved 121°C€ for Ihmin: . . ¢ o 5 v e « & oa
Tubes packed loosely in baskets for uniform heating and cooling., . .
Timing starts when autoclave reaches 121°C . . . + . &« &+ « &« &

Total exposure of carbohydrate media to heat not over 45 min. . . .
Media removed and cooled as soon as possible after sterilization , .

35, Btorage
Dehydrated media bottles kept tightly closed and stored
at less than 30°C, . . . o T T A
Dehydrated media not used:.fdlscolored or caked i W R et

Sterile culture media stored in clean area free from

contamination and excessive evaporation. . . . . . . . . . . .
Sterile batches used inless than 1 week. . . « o & « & 4 = & & & =
All media protected from sunlight . . . . . . G BTN

If media is stored at low temperatures, it must be mcubated
overnight and any tubes with air bubbles discarded . . . . . .

Culture Media - Specifications

36, Lactose Broth
Manufacturer Lot No.

[T

b

Single strength composition 13 g per liter distilled water .

Composition of medium after 10 ml sample is added must

contain 0. 013 = per-ml dry ingroedients . o 5 0 e o'ie s mw w5 =

37. Lauryl Tryptose Broth
Manufacturer Lot No.

4 F Moy a0 e

Bingle strength pH 6.9 + 0,1, double strengthpH 6.7 +£0.1 , . . . .
Noi:lesa than 10 ml medium Pl AUBE o 0 0 e s g

1]

Single strength composition 35. 6 g per liter distilled water . . . . .
Single strength pH 6.8 £ 0.1, double strength pH 6.7 £0.1 . . . . .
Not less than 10 ml medium per tube . . . . ., e R e

Composition of medium after 10 ml sample is added must

contain 0,0356 gperml of deyingredients ., . . . . & + & = =

38. Brilliant Green Lactose Bile Broth
Manufacturer Lot No.

EPA-103 (Cin)
{Rev. 3-T1)
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38.

38,

40,

41.

42,

43.

44,

45,

Brilliant Green Lactose Bile Broth (Continued)

Correct composition, sterility and h & i S S st R e
Not less than 10 ml medium pertube . . . - + « + » = « = ¢

Eosin Methylene Blue Agar

Manufacturer Lot No.

Medium contains no sucrose, Cat. No.

Correct composition, sterility and pH R R e e WO LN e .
Plate Count Agar (Tryptose Glucose Yeast Apgar)

Manufacturer Lot No.

Correct composition, sterility and pH T, 00,1, . &« « « + = .

Free from precipitate. . . ST el L R e N e e F

Sterile medium not remel‘ted a sec::md time after sterilization.

|

EC Medium
Manufacturer Lot No.
Correct composition, sterility and pH T = S e

Not less than 10 ml medium pertube . . . . » « =« =« « & = = =
M-Endo Medium

|

111

Manufacturer Lot No.

Correct composition and pH b e DRy (e re i S LR e R -
Reconstituted in distilled water containing 2% ethanol, < & « &0 s g
Heat to boiling point, promptly remove ad ooble = e ow oy e
SEhte A dapRiet 2= 0 o wi e  w o eietw Bre G aia e D e Ge R T
Unused medium discarded after 96 hra . . o « ¢ + = o 0 o = v =

M-FC Broth
Manufacturer Lot No,

Corrsct compogitionand pH Ted el o whs w aiw e o b e e
Reconstituted in 100 ml distilled water containing 1 ml of

RN

|

g 1% rosclic acid reagent. o o o w s & o @ woe om0 b o+ ow
Stock solution of rosolic acid discarded after 2 weeks or
when red color changes to muddy brown . . « « « « « « » & o .
Tieat to boiling point, promptly remove andieadl s 5w sy e A
Store in dark at 2 - 10°C ., . . . N
Unused medium discarded after 96 hrs R R e @R R e
Broth
Manufacturer Lot No.
Correct compositionand pH . . . ¢ ¢ & = & o & ¢ e om0 r oy =
Apgar
Manufacturer Lot No.

EPA-103 (Cin)
{(Rev. 3-T1)

a1}
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45,

Agar (Continued)

Correct composifionand pHL &5 see @l s W vl by

Multiple Tube Coliform Test

46. Presumptive Procedure

Lactose broth lauryl tryptose broth

Shake sample vigorously . . . . i e S T g
Potable water: 5 standard pnr‘tions either 10 o 1000ml. . &
Stream monitoring: multiple dilations . . . ., . . . . . . .
Incubate tubhes.at 35° + 0. 82 C for. 24 Znpaj ey i,
Examine for gas any gas bubble positive, . . . . . .
Return negative fubes toincubator.. . o« o w0 wiis e e owl e s
Examine for gas at 48 + 3 hr from original incubation . . . .

47, Confirmed Test

Promptly submit all presumptive tubes showing gas production

b.

before or at 24 hr and 48 hr periods to Confirmed Test . .

Brilliant green lactose broth
Gently shake presumptive tube or mix by rotating . . . . .
Transfer one loopful of pesitive broth or one dip of applicator
from presumptive tube to brilliant green lactose broth.
Incubate at 35° £ 0.5°C and check at 24 hrs for gas production,
Reincubate negative tubes for additional 24 hrs
and cheek for gas pProduction’ , o C.owliebe w e 5 de o
Calculate M PN or report positive tube results. . . . . .

Endo or eosin methylene blue agar plates adequate streaking
to obtain discrete colonies separated by 0,5 ecm. . . . . .
Incubate-at-35°+ 0, 5°Cfor-24 + 2 hr . . . . ., ey
Typical nucleated colonies with or without sheen are cohforms
If atypical unnucleated pink colonies develop, result is
doubtful and completed test must be applied, . . . . . . .
If no colonies or only colorless colonies appear, the
Canfirmed test I8 NeglEIve & i 5w & et R e ww e ke

48. Completed Test

Applied to all potable water samples or & proportion each three

months to establish the walidity of the confirmed test in
determining their sanitary gquality, . . S

Applied to positive confirmed tubes or to doubtful colom.es

on differential medium. . . . . . et et W L

Streak positive confirmed tubes on Endo or EMB plates for

COlahY SIAGIRTION, & o e e o e o R e S L LT

EPA-103 (Cin)
{Rev. 3-T1)
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48, Completed Test (Continued)
Choice of selected isolated colony for verification should be one
typical or two atypical to lactose or lauryl tryptose broth and
to agar slant for Gram stain. . . e R T
Incubate at 35°C £+ 0, 5°C for 24 hrs or 48 =T T e R i N
Gram negative rods without spores and gas in lactose tube
with 48 hrs in positive Completed Test . . . . . . « « +« . .

Membrane Filter Coliform Test

49. Application as Standard Test

Use as a standard test for determining potability of water after
demonstration by parzallel testing that it yields information
equal to that from the multiple-tube fermentation procedure

50. MJF Procedure

Filter funnel and receptacle sterile at start of series. . . . . . .
Rapid funnel resterilization by UV, flowing steam or boiling water
a.c:::Eptable. LI T TR T SRR U IR I R A T S T T [ ST e [
Membrane filter cultures and technician eyes should not be
gubjsct To UV radistion:lealke o oy talb e et e la e e vl
Filtration volume not less than 50 ml for potable water; multiple
dilutions for stream pollution . . . ! o b b Ty " & e

Rinse funnel by flushing several 20 - 30 ml portlons of sterﬂe buffered

WalEr- LR TetgReNTIRE L . L el e g e e e e ey

Removwve filter with sterile forceps . . . . e Iy
Roll filter over M-ENDO medium pad or agar sc— &11‘ bubbles
g AT T dal ot SRR e R S R e e R e

51, Incubation

In high humidity or in tight fitting culture dishes . . . . . . .
Sk At S g R ) e 2SRRI o R N BT 1 T

52, Counting

All colonies with a metallic yellowish green surface sheen . . .
If coliforms are found in potable samples, verify by transfers
to lactose broth, then to BGB broth for evidence of gas
produetion at 35° C within 48 heddeaftQiil ot g = . . .
Calculate direct count in coliform density per 100 ml, . . . . .

533, Standard MF test with Enrichment

Incubate MF after filtration on pad saturated with lauryl tryptose
brathifeir 1 18 < 2 he at:36HC £ 0UESCEI L DEgig el svdnrg &

EPA-103 (Cin)
{Htv, 3=71)

&

"

s

&

10

- 186 -



WWM-gtz  samall G juall 5 olaall o ol zali 5

- -

Laboratory Location

A el Ll 5 S

Date

53. Standard MF test with Enrichment {(Continued)

Transfer MF culture to M-Endo medium for a final

20-=22 hr ineubationat 352 C £ 0085C. . & s

Count sheen colonies, verify if necessary, and calculate

e T - -

direct count in coliform density per 100ml . . . .

Supplementary Bactericlogical Methods

54, Standard Plate Count

Plate not more than 1 or less than 0.1 ml {(sample or dilution)

Add 10 ml or more liguefied agar medium at a temperature

between 43 - 45%C . v v . a T S ST £ R A g
Melted medium stored for no more than 3 hr at 43 - 45°C .,

Liguid agar and sample portion thoroughly mixed by gently

Count only plates with between 30 and 300 colonies, exception
being 1 ml sample with less than 30 colonies . . . . +« + + -

rotating to spread mixture evenly . . . « . .« . + « &

Record only two significant figures and calculate as "'standard

plate count at 35°C per 1 ml of sample", . . . . . . . .

55. Fecal Coliform Test

a.

b.

Multiple Tube Procedure

Applied as an EC broth confirmation of all positive
presumptive fubes. . . . . M e PR ) e

Place EC tubes in water bath W:Lth_m_ 30 min of transfers .

Incubate at 44.5°C L. 2°C oy 2L NTB. . . o s 5 v = & & &

Gas production is positive test for fecal coliforms. . . . . .

Calculate MPN based on combination of positive EC tubes

Membrane Filter Procedure
Following filtration place MF over pad saturated with

M=FC braoth v W 57 % vioe s g e
Place MF cultures in water-proof plastl.c bag and submerge
in-water bothowithin 30 miin, o o w el srnimr o im0

Tnoubate at 44 57 £+ 0, 2°C for 24 hrg o 0 w00 w « 5
All blue colonies are fecal coliforme. . . & « & & « & o & 4
Calculate direct count in density per 100 ml1 . . . . . . . .

56. Delayed-Incubation Coliform Test

After filtration, place MF over pad of M-Endo containing 3.2 ml

of a 12% sodium benzoate solution per 100 ml of medium . . .

Addition of 50 mg eycloheximide per 100 ml of preservative

medium for fungus suppression is optional , . 7

Transport culture by mail service to laboratory w11:h1n '?2 hours

EPA-103 (Cin)
(Rewv. 3-T1)
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4 abofatory TLocation Date
61. Laboratory Safety (Continued)
Adequately functioning autoclaves with periodic inspection
- B e B aes T By msh ore B ol e MR AR S e S o S | T S .
Accessible faciliticg Tor hand Washing. . o ¢ & e e e e & e - 4 .
Proper maintenance of electrical equipment to prevent fire
and electrical shock , Tl owier, e e e T B e I T -
Convenient cois abd electric bButlotar o v al & & 0w v cenlvn e F
First aid supplies available and not cut-dated . . . . . P .
B2. Remarks
EPA-103 (GCin)
{(Rew. 3-T1) 13
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CRITICAL ELEMENTS FOR CERTIFILCATION

Harry D. Mash, Chairman, Microbiclogy Sub—Commitzee
Micrebiological Treacment Branch
Orinking Water Research Division
Municipal Environmental Research Laboratory
U.5. Environmental Protection Agency
26 West St. Clair Street
Cinecinnaci, Chio 45268

The Drinking Water Laberatory Certification Implementation:
(DWLCI) Work Group established thres Sub—Committees, one for sach of
three technical disciplines, microbiology, chemistry, and radischem—
istry. Each sub—committes functions as a technical advisory group
responsible to the DWLCI Work Group. ©One of the primary funections
of each group was to _revise the specific technical 11 chapter of the

Manual for the Interim Certiﬁicagign__f Labotgggzifg_Lﬂggéggﬁ in
Andlyzi_g Publiec Water Supplies” During the revisieon, the sub—
committee incorporated suggestiuns and recommendations which ware
received as a result of an extensive review program of the Manual
for Interim Certification. These suggestions and recommendatisns
were received from all EPA Regions, States, municipalities, and
science advisory groups. As the revision progressed, drafts were
again submitted for extensive review and all additional comments
were considered and used to devalop the £inal draft submittad to
the DWLCI Work.Group for approval prior to fimal approval by the
Office of Drinmking Water. B

Basically the revision was one of format to separate Critical
Elements for Certification from Recommended Practices, to define
qualiity control items and to clarify some of the existing critical
element items. A sincere effort was made not to create additional
eritical elements and certainly not to change recommended practices
to critical elements. The format revision was accepted by the
reviewers and was censidered to be a substantial improwement. The
chapter is now diwvided into three sectioms: (1) Critical Elements
for Certification, those items essential to the proper application
of approved methodology which will determine laboratory certifi—
cation approval; (2} Recommended Practices, those items providing
guidance for good overall laboratory practice; and (3) A Sample
Evaluation Form which can be used during an con—site evaluatClon.
The sample form is to aid the evaluator in conducting a systematic
on=gite evaluation and lists oniy those items presented in the
section on Critical Elements for Certffication. The sections cn
Critical Elements and Recommended Practices are suhdivided into
nine categories: Personnel; Laboratory Facilities; Laboratory v
Equipment, Supplies, and Materials; Ceneral Laboratory Practices;
Analytical Methedology; Sample Collection; Handling, and Preser—
vationi OQuality Assurance Program; Datsa Reporting; and Aetion
Fesponse to Laboratorw Results. Of the two major sections, Criti-—
cal Elements for Certification and Recommended Practices, only
the Critical Elements for Certification are to be used to determine
laboratory certification approval. Furthermore, critical elements
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are used to determine certification only if the laboratory uses the
equipment required for the methodologv or has the final delegated
rasponsibility relating to any critical element. Critical elemants
relacive to the membrane filter procedure would not be applicable
to laborarories conducting only the multiple tube fermentatcion pro—
cedure. Also, the criticzal element referring to sample collectors
being trained in sampling procedures would not be used to determine
cercification approval if the laboratory were not delegated the
responsibility of training sample collectors.

The number and extent of detail of the critical elements in the
chapter on microbiology are greatar than those ser forth in the
chemistry chapter. Standard samples having true values of bacterial
den=zicties which can consistently be recovered using the best method-
ology are not avalilable to the microbioclogist. Performance.ev&éu—
ation and quality control samples for microbiology serve to sub-
stantiate the correct application of the methodology to the analysis.
Therefore, expansion of the number and detail of the micreobiological
critical elements was necessary to insure that the mest accurate and
valid data are obtained by the analytical method applied to the
analysis.

It is important to understand that the intent of the eritical
elements was not to impose a burden upen laboratories by increasing
the work leoad. Many of the quality control items are being and have
been conducted by many of the laboratories in the past. However, in
many cases, documentatcion of gquality centrol measures has been in-
adequate and must be updated. nead m w0
tation relates to pH meter standardizationm, media pH, calibratien-
of balances, sterility of materials and autoclaving procedures. The
critical elaments relating to these items are minimal but ars con— .
sidered necessary to assure that the method will previde walid data.

All quality control measures relating to Critical Zlements for
Cartification are designated by the capital letters "0OC" and require
documentation. Quality control dtems relating to laboratory equip—
ment and supplies are:

63 Standardizaton of pH meters using a pH 7.0 standard buffer.
Many reviewers recommended the use of three standard buffers, pH
4.0, 7.0 and 10. This appears excessive to include in the critical
elements; however, use of these standard buffers would not be dis—
couraged.

23 Calibration of balances monthly using Class S or S—-1 ref-
arence weights., MNon-reference weights may be used if calibrated
annually with Class S or 5-1 reference weights. This does provide
an option as to the purchase of Class 5 or 35-1 reference weights.

k Calibration of glass/mercury thermometers annually against
a reference NBS thermometer At the temperature for use.

i Recording the temperatures of incubators on the days in
use, at least twice per day with each reading separated by at least
four hours.

S Recording the date and sterilization time and temperature
for each sterilization procedure.

13
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Quality Control items relating to General Laboratory practices

are:
———

1. Confirming sterility of sample bottles using & non~
seleccive broth.

s Testing the qualitr of laboratory pure water which includes
conductivity, total chlorins residual and performance of the test
Tor bacteriological quality of distilled watar.

3. Checking sterility of Eéagg_Water using a non-selective
broth.

4. Conducting the Inhibitory Residue Test to insure that lab

5. Recording E@j;a prepared: the date of preparatiecn, type of
medium, lot number, sterilization time and temperature, final pH and
technicians imitials.

a5 6. Conducting MF sterility checks at the end of each filtra-
tion series.

It must be emphasized that these guality control items are mini-—
mal and all laboratories are encouraged to expand gquality contrel
measures as needs are recognized. Also, quality control becomes
ineffectual unless it is adequately documented.

Critical elements relating to time limits for autoclaving of
materials were intentionally written as minimal times fer steriliza-
tion of sample bottles, glassware, dilution water, rinse water and
contaminated test materials, Sterilization times will vary depending
upon volume, container size and load size. Stating specific time
limits would nor allow the £lexibility needed to insure aterility.

Critical elements addressing verification of sheen colonies and
conducting the completed test were not intended to increase laboratory
work loads. However, many comments suggested that the work load
would be increased, especially during the warmer seasons. The criti-
cal element relating to verification of sheen colonies is to be il
applied only te these samples which are determined to be unsatisfac—
tory (presence of five or more sheen colonies). Also, conducting
the compleced test is applied only to those analvses showing three
or more pestive tubes. This provides a mechanism by which false
positive results can be corrected and water systems will not be
teported to be In non—compliance in an official report. Adjustment
of coliform data can be hased only upon verified colonies or com—
pleted test resulcs; however, the initial reporting of unsatisfac-
tory samples should be based upun unverified MF and confirfmed test
MPN data. Therefore, verificacion of sheen colonies and conducting
compleced tests will not delay action response to laboratory findings.
It is important to remember that these critical elements apply
only to samples initcially determined to be unsatisfactory. The work
load will increase only if correetive action is not taken to upgrade
the water systems.

Critical elements that relate to sample transit time were not
changed because sufficient data is not yet available rto justify

making the sample transit/storage time more stringent. However,

1
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States having primacy can require a transit time which is more strin-
gent chan the federal guidelines based upon specific needs.

The test for bactericlogical gquality of distilled water (dis-
tilled water suitability test) also remains as a critical element.
Other tests, such as the “"Interval Plating Procedure™ and the "Use
Test” were considered as alternatives. However, based upon reviewer
comments and the lack of sufficient data to demonstrate that the
alternate tests are comparazble or better than the distilled water
suitability test, the distilled water suitability test was retained.

It is recognized that personnel and laboratory facilities are
critical to the beat zpplication of methodology which assures cbtain—
ing valid data: however, there are no critical elements relating to
Personnel and Laboratory Facilities in the revised chapter. In_
fact, there were no minimum requirements proposed in the interim
certification manual. During the course of the revision, eritical
elements were suggested relating to academic training, on—job—training,
and experience for both the analyst and supervisor or consulrant.
Also, critical elements relating to laboratory facilities were sug—
gested. State laws and regulations pertaining to personnel and
facilities wvary so greatly among the States that any critical element
acceptable to all State programs would be ineffectual. Fach State
can better address the needs pertaining to personnel and facilities
based upon the individual State laws and regulations. However, guide-
lines are given in the Recommended Practices section of the revised
manual relating to both personnel and facilities.

Time does not permit discussion of every eritical element.
Reviewer comments were used to determine which items would be in-
cluded in the Criciecal Elements for Certification secticn and all of
the critical elements are considered minimal. Only the eritical
elements are to be used to determine certification approval. Recom—
mended Practices are guldelines used to assist in overall good labor-
atory practices. States having primacy can make critical elements
more stringent or include additlonal eritical elements in accordance
with State programs.

During the course of the Microbioclogy Chapter revision, the Sub—
committee recognized additional ne=ds based upon reviewer comments.
Therefore, the Subcommittee recommended that the DWLCI Work Group
consider three additonal proposals. (1) Thar an official central
clearinghouse be designated by the DWLCI Work Group to respond to
technical questions from both Regions and States concerning labora-
tory evaluations. This clearinghouse could also provide guidance as
to how critical slements are applied to determine certification ap—
proval, hopefully, assuring more uniformity of the overail certifi-
cagtion program. For example, would determination of non=compliance
for a single critical element result in a recommendation for certifi-
cation disapproval? (2) The certificarion program should functien
so that the evaluators are qualified to provide technical assistance
to.those laboratories experiencing difficulties rather than function—
ing solely for certificatiaon. {3) The regional laboratory ewvaluators
should meet annually to exchange viewpoints, discuss problems and pro-
pose needed changes to insure uniformity relacing to evaluations.
Input from evaluators will he of particular benefit for future re-
vision and updating of the certification manual. These recommenda—
tions appear even more important now that the EPA Mational Training
and Operational Technology Center has hesn abolished.

£
4
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In summary, the revised Microbiolegy Chapter was basically a
format revision. The chapter was reorganized into threa sections
with the Crirical Elements for Certification section listing all
items, lncluding quality control items, to be applied ro the ewalua—
tion of laboratories involved in analyzing public drinking water.
Orafts of the revision wers submitted For extensive review and all
comments veceived wers considered in preparation of the ravised
chapter. A sincere effort was made not to include additicnal eriti-
cal eiements which were mot initially in the mannual for inrerim
certification. Future revisions will be necessary in crder to
updace and improve critical eiements. These revisions will reflect
the needs of laboratories and the certification program based upon
additional data and recommendaticns of those invelved in the program.

i
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WATER MICROBIOLOGY

Module 1
Quality Control/Quality Assurance
Laboratory Apparatus
Sampling

Prof. Dr. Helmy T. El-Zanfaly
Mai 2008
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*The setting of realistic standards, considering the
different pollutants and the need for development
according to the new findings in that respect,

*To have laboratories, supplied with the appropriate
facilities,

*The use of appropriate monitoring technology for
assessing water quality,

18.04.2010 Seite £
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*To have programs of Quality Assurance/Quality
Control to ensure the realistic results.

*An important consideration in the development
and maintenance of safe water supplies is:

18.04.2010 Seite ©
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LABORATORY APPARATUS

Basic laboratory apparatus must be:
« of adequate quality to meet levels of sensitivity,
high level of accuracy,
high durability,
need only minimum service,
availability of spare-parts.

gt g

Long —term laboratory equipment items
should be:

» of proper capacity to meet the current needs during peak working
periods,

* have an approx. 50% additional reserve capacity for future needs.

« Understanding of operational controls and properly using the
apparatus, minimize laboratory accidents.

V¢
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* Selected calibration points should include temp. most
commonly used, such as 5°C, 20°C, 35°C, 44.5°C, 121° C, and
170°C. 0.1°C can be easily read (long stem).

» Accurate, compared by readings of a National Bureau of
Standards certified thermometer or equivalent.

* Checking periodically for Hairline breaks in mercury.

*Air space elimination ( High and low temp. water bath), max.
temp. does not exceed the thermometer range.

gt g
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* Trip pan balance ( several hundred grams of media).
« Sensitivity of better than 2 grams/150 gram load.

» Weights built into the system or may be added separately in a
pan.
» Weights kept in a protective box, handle only by forceps.

\o
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* Use cover (dust), avoid spilling dehydrated media on.

« Balance with 10 gr. Load ang 1 mg sensitivity for media

additives, reagents, dyes. Protected from vibrations, dust, and
wind current.

» Annual preventive maintenance (adjustment cleaning, and repair
(qualified instrumentation service organiz.)

Seite 7\
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pH meter
*+/- 0.1 pH units.

* Problems: poor electronic emission, gas buildup,
Internal noise to heater element failure.

 Preventive maintenance

» Electrodes may become defective at the thin-walled tip
and cause erratic performance (spare electrode).

V1
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« When not in use, electrode tips should be immersed in a small
beaker of distilled water (dry, caked with potassium chloride
crystals).

* Bleeding of potassium chloride (loss), can be controlled by
inserting the rubber plug at the filling port and using rubber
cap over the electrode tip.

*Colorimetric pH methods are not accept-able (colored
media).

*Placing pH meter on metal table cause interference (non
metal stand).

Seite V'V
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AIR INCUBATION REQUIREMENTS

* Incubator temperature is essential to detect organisms of
sanitary significance (in water & sewage).

 The major emphasis have been on studies of those species or
groups of bacteria derived from contamination by human or
animal wastes.

* It is necessary to choose an incubation temperature, incubation
time favorable to this specific bacterial segment of bacteria
(for their direct detection or its physiological activities).

ARY%



BENCH-TOP INCUBATORS

» Must have sufficient space to accommod-ate culture tubes
(MPN) or MF plates during peak work periods.

* Provided by automatic recoding thermo-meter (manual
temperature record, morning and afternoon).

« Deviations in the records of the adjusted temperature +/-
0.5° C (proper thermostat adjustment.

» Sufficient insulation to protect against room
temperature fluctuations.

 Temperature instability may due to:

* Poor insulation (non-water jacketed)

* Decrease of line voltage (powerstat transformer
between the incubator and power outlet).

YA
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* Locating near a window
* (sunlight, cold air).

* Ambient temperature in the room (18- 27°C), adjusted by air
condition.

* Water-jacketed incubators are far superior.

* Hot spots” resulting from nonuniform radiation

4

Seite YV
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» Some shelf areas at higher or lower temp. than the desired
(thermometers at top and bottom shelves to have the average +
thermometer bulbs must be immersed in water as buffering
from changes due to door opening).

* Air incubator produce low humidity (media composition and
pH changes with long incubation period).

V4
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* Agar plates incubated at 35° C for 48 hrs should not have loss
greater than 15%.

* High losses = Suppress bacterial growth +Small , poorly
differentiated colonies on MF

« Partially submerging a towel in a beaker of water increases
humidity of the incubator chamber ( fungi growth replaced). +
water reservoir at the bottom.

gt g
INCUBATOR ROOM

» More complex environmental controlling
system:

(+/-0.5° C, 75 — 85 % relative humidity). That
need:

* Primary heating control (30 -40° C) + Secondary
heating source (maintain the temp. +/- 0.5° C).
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* Two separate heat generators with two thermostats.

6

34-35°C 0.5°C
* Alarm 350+/-

» One heat source + Blower (to distribute heat) is more
economic (subject to excessive temp. variations).

g Z v

 An exhaust port in the center of the ceiling with a low
speed exhaust fan to pull heated air through all
portions of the room and then exit it through the
exhaust port.

» Humidifying system may be necessary.

» Thermometers, with their bulbs immersed in water,
may be placed at several locations in the shelf area.

» Recoders.

AR
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Water Bath

* Large bench-top water baths with gabled covers can effectively
maintain a temperature of 44.5°C within +/- 0.5° C (lowered to
+/- 0.2° C by adding a low speed stirring motor).

« Stainless-steel or plastic-coated baskets and racks should be
used in water baths to avoid corrosion. Heavy deposits of rust
act as a heat insulator and must be removed.

* (Rust Inhibitor)

2 gr. Of Potassium or Sodium dichromate and 0.5 gr of
Sodium carbonate or 1.0 gr of Sodium bicarbonate,
dissolve each in a little water and adding to the water
bath separately (violent heat if added at same time).

« Disinfection (Bleaching powder, QAC) in case of
slime formation, 24 hr, flushing and refilling with
distilled water.

AR
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ELEVATED TEMPERATURE INCUBATION
REQUIREMENTS

» Recovery of salmonella, 7 hr test and standard method for fecal
coliforms (41.5° C — 44.5° C). Precise temperature is essential.

* The inoculated media should be brought to the desired
temperature within 10 to 15 min. Circulating water baths are
recomm-ended. The desired stable temp. can be achieved prior to
time of use.

« A continuous temperature recorder sensitive to 0.2°C changes
should be used.

« Accurate thermometer.

g A

DRY HEAT STERILIZATION

«170—180° C +/- 10°C for 2 hrs.

* Accurate calibrated recording thermometer (through a center
ceiling port, the bulb located near the center of the chamber).
Care from broken.

Yy
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AUTOCLAVE

Partner for the Future
Z Worldwide

» Sterilization of: media, sample bottles, MF equipment, and
decontaminating culture discards.

 Adequate capacity to prevent crowding (ineffective
sterilization).

* The chamber should be equipped with an accurate
thermometer with bulb in the exhaust line.

Y¢
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* Time necessary when chamber temp. plateau is achieved.

* The use of the recording thermometer to know:

Rate of initial temp. acceleration, Max. temp. achieved,Constancy
of sterilization temp., Rapidity of exhaust, Total exposure time
(Carbohydrate media).

Seite £4
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* Vertical, Horizontal, Household pressure cookers (Emergency
cases), Steam sterilizer.

* Taps with heat-sensitive color changing ink in the central area
(heat penetration).

« Spores of Bacillus stearothermophilus in culture media as a
control ( killed at 121°C for 15 min.).

Steam for the autoclave may be
supplied from a steam line (reach sterelization temp. quickly)

Periodic inspection and preventive maintenance.

Yo



Microscope and Light Source

*MF colonies are best counted using 10 x to 15 x magnification
(binocular, wide-field dissecting microscope).

Using reading lens is not recommend-ed (low power).

* Colored colonies are best observed with diffused daylight
developed from cool-white fluorescent lamps, with the light
source adjusted to an angle of 60° to 80° above MF culture.
Low angle lighting in case of non-pigmented colonies.

* A fluorescent light source, two 4 watt daylight tubes mounted
on a flexible arm attached to a heavy cast base is
recommended for MF colony illumination.

A\l
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COLONY COUNTER

« Colonies on pour plates (Back lighting).

Some colonies are difficult to detect by top lighting, but are
readily seen when illuminated by uniform intensity,
transmitted light.

Large diameter magnifier (2 power) for pinpoint colonies.
Scanning the plate.

g Z s

INOCULATING EQUIPMENT
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INOCULATING EQUIPMENT

» Wire loop (No.), nichrome, chromel, tungesten, or platinum.
Loop diameter 4 mm or greater (6 — 7 mm).

« Standard loop (0.001 ml) in case of milk.
* 1.45 mm to transfer from presumptive to confirmatory.

* The wire shank 7 — 8 cm to prevent cont. from loop holder.

Seite °°
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Wire thickness No. 22 (fast cooling).

Fecal streptococci (Azide dextrose to EVA) large inoculum
(triple loop).

Flame sterilization, or single service transfer loops.

Hardwood applicator (single service) steam ster. XXX
dry heat ster. OK. Flame ster. XXX.

Pasteur pipettes for culture transfer XXXX (heavy Inoculum).

Needles.

YA
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MEMBRANE FILTRATION
UNITS (MF)

* Funnel + funnel receptacle (support MF).

* Borosilicate glass, autoclavable plastic, stainless steel, or
metal plate materials.

* No leakages.
* Funnel + funnel receptacle (support MF).

« Borosilicate glass, autoclavable plastic, stainless steel, or
metal plate materials.

* No leakages.

I R

g Z v

FORCEPS

* Alcohol flame for sterilization
» Smooth, spade-shaped ends, slightly curved.
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Key Quarmy ConrroL Pracric

Ttermn Action Frequency
Reagent water Monitor quality
Bench surface Maoni for ination Weekly
Air in workplace Moni bac 1 o Y Monthly
Thermometers Check accuracy Semisnnually
Balunces and weights Check accuracy Monthty
Balances Service and recalibrate Annually
pH meter Standardize Each use
Check against anather meter Monthly
Media-dispensing apparatus Check volume accuracy Each usec
Hot-ar oven Check performance Monthly
Autociave Check performance Euch use
Refrigerator Check temperature Daily
Freezer Check remperature Daily
Defrost Semiannually
Membrane filtration eguipment Check for leaks and surface scratches Each use
UV lamps Test with UV meter Quarterly
Biohazurd hood Monitor air and UV lamps Monthly
Inspect for airflow Quarterly
Incubator Check temperammre Twice daily
Microscope Clean optics and stage Fach use
Glassware Inspect for cleanliness. chips, and etching Each use
Check pH Each batch
Conduct inhibitory residue test Annually
Dilution water bottles Check pH and volume Each usc
Media Check pH and appearance Each use
Autoclave Check performance Weekly
. Plate counts Perform duplicate analyses Weekly
Monthly

Repeat counts

Partner for the Future
Z Worldwide

GLASSWARE, METAL
UTENSILS, & PLASTIC

ITEMS

)
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* Glassware subjected to:
Corrosive materials,
High temp. during sterilization,
Vigorous cleaning schedules,
Careless handling.

* Speed glassware to ultimate discard and replacement
Technology Improvement

g Z v

« Hard glass (borosilicate) items (disposable)
Plastic substitutes, Stainless-steel

Substitution with disposable or reusable plastic items must be
fully evaluated in terms of:

labor costs,

possible reassignment of responsibilities,
suitability of reuse plastic items,
availability of stock items from supplier

Yy
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* Plastic materials (low cost, light weight, break) must be:
free from toxic residual lubricants used in the moldin
process,

exhibit clarity:

have accurate calibration marks for volume measurements,
withstand repeated autoclaving.

Seite 1°
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MEDIA PREPARATION
UTENSILS

*Borosilicate glass, noncorrosive material (stainless steel) are
OK.

Aluminum, copper, zinc alloys, not recommended because it
react with media and introduce metal ions that are toxic to
bacteria.

Utensils should be thoroughly cleaned, clean crevices around
handle rivets (harbor caked deposits from previous media).

\RJ
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Magnetic stirrers should
thoroughly cleaned.

g Z v

SAMPLE BOTTLE SPECIFICATIONS

» Wide-mouth (less contamination)

* Borosilicate , with quick fit (metal foil) , metal or screw-cap
closures (nontoxic, leak proof liner).

* Toxicity due to residual phenol , detoxified by autoclaving
with distilled water 6 succ-essive times.

Yo
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Plastic bottles that can withstand autoclaving for 15 min. at
121°C.

Polyethylene bottles not recommended, polypropylene or
polycarbonate types are recommended.

Plastic bottles should not have the screw caps tightly closed
during sterilization (collapse of the side walls).

Seite Y\
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Poly ethylene bottles with polypropylene screw closure
should not be used (leakage in refrigerat-or because
difference in coefficient of expansion rate).

The same material is recommended.

Sterile Plastic Bags may be useful (limited sample
number, unchlorinated water), Problems of leakage,

contamination, aseptically adding a dechlorinated agent, toxic

plasticizers with long storage.

A
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PIPETS
Convenient size,accurate, deliver the required volume quickly.

If graduated to the tip and tip is broken, should be discarded.

10 ml with narrow open is undesirable (slow flow), cut??
(reduce the accuracy).

g Z v

* Graduation should be permanent.
* No etching during cleaning (Borosilicate is OK) poor visibility.

* Plastic pipettes, disposable, sterile, no toxic material, accurate
volume.

» Cotton plug , safety (not so tight or loose).

* Bulb or mechanical , automatic pipetting may be used.

YV
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PIPET CONTAINER

* Metal boxes or cans, not from copper (toxic, oxidize by high temp.),
stainless steel, aluminum are OK.

» Wrapping individually in good paper (resist temp.) impractical.

« Pad of nonabsorbent cotton, glass wool, teflon, silicone rubber in the
bottom of the box (protective), should replaced.

YA
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PETRI DISHES

* Poured plates 100 mm x 15 mm. Larger sample volume, larger
agar quantity to solidify, large size of dishes.

* MF 50 mm x 12 mm.

* Disposable plastic dishes (lower cost, less preakage, no washing
and sterilization).

* Transparent, flat bottom, free from bubbles and scratches, tight
fitting covers (MF), loose fitting (Poured plates)??

Seite YV
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PETRI DISH CONTAINERS

« Stainless steel, aluminum, copper NO (oxidize).

» Wrapping paper or heavy foil is OK.

* Plastic disposable, presterilized in plastic backs, boxes

Y4
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Culture Tubes and Closures

« Sufficient size, without over full.
* Gas detection, fermentation or gas vial (Durham)tube.

* 16 — 18 mm x 150 mm culture tubes with 10 X 75 mm
fermentation tube (sample 1 ml).

* 25 mm x 150 — 200 mm culture tube size (sample 10 ml) with the
same fermentation tubes.

Seite Y4

gt y 4

» Stainless-steel, plastic, aluminum caps (more durable, more
economical than nonabsorbent cotton) are recommended closures
(cover upper inch of the tube).

» Cotton plugs should extend 20 — 30 mm into the tube and 30 mm
out for proper handling.

* Culture tubes with screw-cap closures for biochemical tests and
stock cultures collection.
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* Borosilicate glass or other corrosion resistant glass.

« Corrosive action of improper cleaning or chemical reagents,
excessively scratched from use ( visibility impaired) they must be
discarded.

« Soda lime glass (soft glass) is not recommend-ended for the
interaction between media and glass during storage, susceptible to
etching during cleaning (disposable tubes).

gtzwmww

Dilution Bottles or Tube
Screw —cap tubes (1:10) or bottles (1:100).

Borosilicate glass, graduated or marked 9 & 99 ml.
Separated from other tubes that use for other purposes.
No leakage (aerosols).

Cotton plugs or metal or plastic capsmare unsuitable, screw-cap
closures are preferred.

Check plastic caps for toxicity.

Crack around the neck (discarded).

&)
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Jaral) slia
Reagent Grade Water

Seite AY

QuALITY OF PURIFIED WATER USED IN MICROBIOLOGY TESTING

|
|
!
| Test Monitoring Litmit
| Frequency
|
| Chemical tests:
| Conductivity Continuously > (.5 megohms resistance
| or with each or < 2 pmhos/cm at
| use 25°C
| pH With each use 5.8-7.5
| Total organic carbon Monthly < 1.0 mg/L
| Heavy metals, single
| {Cd, Cr, Cu, Ni, Pb, and Zn) Annually* < 0.05 mg/L
! Heavy metals, total Annually* < 0.1 mg/L
Ammonia/organic nitrogen Monthly < 0.1 mg/L
Total chlorine residual Monthly or < detection limit
with each use
Bacteriologica! tests:
Heterotrophic plate count
(See Section 9215) Monthiy < 1000 cfu/mL
Water quality test Annually and
{See 3¢l) for a new source 0.8-3.0 ratio
Use test Annually and
(see 3d) for a new source Student’s 1 < 2.78

* Or more frequently if there is a problem.
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REAGENT ADDITIONS FOR WATER QUALITY TEST

Control Test Optional Tests
mL mL
Media Reagents Test Carbon/Nitrogen Nitrogen Carbon
Caontrol Walter Available Source Source
A B C D E
Sodium citrate
solution 23 25 - 2.5 —
Ammonium sulfate
solution 25 25 _ — 25
Salt-mixture
solution 25 25 2.5 2.5 25
Phosphate buffer
(73 £ 01) 1.5 1.5 1.5 1.5 L5
Unknown water - 210 21.0 210 21.0
Redistilled water 210 — 5.0 2.5 25
Total volume 30,0 0.0 30.0 30.0 300

Partner for the Future
Worldwide
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., TIME AND TEMPERATURE FOR AUTOCLAVE STERILIZATION

Material Time at 121°C
Membrane filters and pads 10 min
Carbohydrate-containing media

(lauryl tryptose, BGB broth,

etc.) 12-15 min
Contaminated materials and

discarded cultures 30 min

Membrane filter assemblies
(wrapped), sample collection

bottles (empty) 15 min

Dilution water, 99 mL in
screw-cap bottles 15 min

Rinse water volumes of 0.5
tol L 30 min

Rinse water in excess of | L Adjust for volume;

check for sterility
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Membranc filter (NMEF)
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MF agar in plases
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Agar or broth in loose-cap
tubces at 47C

Amar or broth in tightly
closed screw-cap
tubes at 4°C

Poured agar plates with
loose-fatting
Cowvers in
scaled plastic bags
ar 4°C

Large volume of agar
i tightly closced
screw-cap flask or
bottle at 47C
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3) Precision criterion = 3.27 R = 3.27 (0.0479) = 0.1566

|

I -

| 3

Vet Duplicate l:}glhms Range of
I a;‘n: Analyses unts Logarithms (R..,)
: D, D, L, o (L, — L)
| 1 89 71 1.9494 1.8513 0.0981

| 2 8 34 1.5798 1.5315 0.0483

| 3 58 67 1.7634 1.8261 0.0627
e S g : . 3

|

| " J = ’ A d
I 7 6 0.8451 0.7782 0.0669

: 15 110 121 2.0414 2.0828 D.0414
| Calculations:

| 1) Zof R, = 00981 + 00481 + 00627 + . + 00669 + 0.0414
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: N ¥ IR OTIR89 _ o
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*In case of Poured Plates or Surface
Plating method use:
a-Plate Count Agar or ( tryptone
glucose yeast agar)

Or
b- R2A agar

Or

c- NWRI agar
*In case of using membrane filter
use: m-HPC agar

Or
R2A agar
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	حضر البيئة من جديد وباستعمال مياه من مصدر جديد. إذا كانت المياه مناسبة و pH البيئة لا زال غير صحيح ، حضر البيئة من عبوة أخرى من البيئة.��سجل مشاكل pH  فى دفتر البيئات وارسل تقرير للمنتج إذا كانت البيئة هى مصدر المشكلة. اختبر البيئة الحضرة للون الغير معتاد، قتامة اللون أو الرواسب وسجل ملاحظاتك.�� خذ فى اعتبارك�الاختلاف فى التعقيم ودرجة الحرارة كمسببات ممكنة للمشاكل. إذا حدث أى مما سبق تخلص من البيئة���
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	إذا بردت أنابيب بيئة التخمر حتى وقت الاستعمال، حضن الأنابيب قبل الاستعمال حتى لا يكون هناك نتائج إيجابية غير صحيحة.�� حضر البيئات التى تخزن لمدة أطول من أسبوعين فى أنابيب محكمة ذات غطاء قلاووظ لمنع فقد الرطوبة وإذا لم تتوافر تلك النوعية من الأنابيب تستعمل أنابيب عادية وتوضع فى أكياس بلاستيكية محكمة الغلق. للكشف عن الفقد فى الرطوبة من أنابيب المرق Broth tube  المرق ضع علامة على مستوى البيئة ولاحظ الفقد فى الرطوبة.�� إذا قدر الفقد وكان أكثر من 10% استبعد الأنابيب. احمي البيئات التى تحتوى على الصبغات من الضوء، إذا تغير اللون استبعد البيئة ولا تستعمل. 
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	أضبط pH  محلول EDTA  عند 6.5 قبل الاستعمال. أضف EDTA  منفردة إلى عبوة العينة قبل تعقيمها (0.3 ملل من محلول 15% إلى عبوة العينة سعة 120 ملل أو اخلطه مع محلول الصوديوم ثيوسلفات قبل الإضافة.� �
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	اترك المياه تنساب لمدة 2 إلى 3 دقائق بعد معالجة الصنبور. لا تأخذ العينة من صنبور فيه تسرب فان هذا يسمح للمياه بالمرور على جسم الصنبور فتتلوث. ولأخذ عينة من خلاط ، زل الملحقات مثل المصفاة مانع الرذاذ، افتح المياه الساخنة دقيقتين، ثم المياه الباردة 2 – 3 دقيقة، واجمع العينة كما ذكر أعلاه.�
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	باحتراس اختار مواقع عينات شبكة التوزيع لتشمل النهايات Dead-end لتمثل النوعية الميكروبيولوجية خلال الشبكة لتأكيد أن التلوث الموضعي من خلال تقاطع خطوط الصرف الصحي مع خطوط مياه الشرب Cross-connections، الكسور فى خطوط التوزيع، أو خلال انخفاض الضغط الموجب لا يتواجد. مواقع جمع العينة قد يكون مواقع عامة، مراكز الشرطة ومكافحة الحريق، مبنى مكاتب حكومية، مدارس، محطات الأوتوبيس أو القطار، مطار، غابات ترتاد من الجمهور)، المنشآت التجارية (المطاعم، محطات البنزين، مباني المكاتب، مصانع)، إقامة خاصة�( مباني الشقق، إقامة فردية، مجمعات المنازل)، ومحطات خاصة للعينات مبنية على شبكة التوزيع. ضع برنامج للعينات بالاتفاق مع مسئول الصحة .���
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	��شمول مجرى فرعى يلزم اختيار نقطة جمع العينات قرب الالتقاء مع المجرى الأساسي. ربما تجمع العينات من قارب أو كوبري قرب نقط الدراسة الخطير. اختار تكرار العينات ليعكس حالة المجرى أو جسم المياه. مثلا، لتقيم مخارج المخلفات، اجمع عينة كل 4 إلى 6 ساعات ويمتد الوقت من 7 إلى 10 أيام.
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	ه. الرواسب والحمأة Sediment and sludges ��الحالة البكتريولوجية لرواسب القاع هامة فى خزانات مصادر المياه، فى البحيرات، الأنهار، والمياه الساحلية المستعملة لأغراض الاستجمام، ومياه تنمية المحاريات Shellfish  . الرواسب ربما توفر بيان كامل للنوعية العامة للمياه أعلاها والتى تغطيها، خاصة عندما توجد اختلافات كبيرة فى نوعية المياه.�� تكرارية العينات فى الخزانات (احتياطي المياه Reservoirs) والبحيرات ربما ترجع أكثر إلى التغيرات الموسمية فى حرارة الماء وجريان مياه العواصف. التغيرات فى رواسب القاع فى مياه النهر ربما تكون متأثرة بجريان مياه العواصف، زيادة سرعة التيار، والتغيرات المفاجئة فى نوعية المياه الواردة إلى النهر. �
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	ز.  أدوات جمع العينات Sampling apparatus  : � تلزم أدوات خاصة والتى تسمح بإزالة غطاء وعاء جمع العينات تحت سطح الماء لجمع عينات من أعماق البحيرة أو المياه المخزنة. متوافر أنواع مختلفة من الوسائل لجمع العينات على أعماق. الأكثر شيوعا من الأجهزة هو ZoBell J-Z    (1941)وفيه يستخدم وعاء 350 ملل معقم  وغطاء من المطاط من خلاله تمر قطعة من الزجاج. هذه الأنبوبة متصلة بقطعة أخرى من الزجاج بواسطة خرطوم مطاط.
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	2) فى طريقة الأنابيب المتعددة Multiple tube procedureالمتعددة تحقق من تعقيم البيئات، ماء التخفيف، والزجاجيات. لاختبار تعقيم البيئات، عرض أجزاء مختلفة من كل تشغيله Batch  للتحضين عند حرارة مناسبة لمدة 24 – 48 ساعة ولاحظ النمو. تحقق من تعقيم ماء التخفيف عن طريق إضافة 20 ملل ماء إلى 100 ملل من مرق غير انتقائي Non-selective broth .�� كبديل، مرر 100 ملل أو أكثر من ماء التخفيف تحت ظروف خلال مرشح غشائي. ضع المرشح على بيئة نمو مناسبة للبكتريا الهتيروترفية. حضن عند 35 +/- 0.5 درجة مئوية لمدة 24 ساعة ولاحظ النمو. إذا ظهر أى تلوث، اهمل نتائج التحليل للعينات المختبرة بهذه المواد واطلب إعادة العينات فورا.
	��3) لكل لوط من البيئة تحقق من طرق التحليل بالاختبار بمزارع كونترول موجبة وسالبة من الكائن أو الكائنات تحت الاختبار. انظر الجدول لأمثلة من مزارع الاختبار.�
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	6) قارن ما بين الطرق القياسية والطرق المستحدثة لتقدير إمكانية تطبيقها وكفاءتها. اجر على الأقل 100 اختبار خلال العام قبل التغيير إلى الطريقة الجديدة واستخدامها فى التحاليل الروتينية.��7) مقارنة العد البكتيري- للتقييم الكفاءة روتينيا ، كرر العد باستعمال واحدة أو أكثر من العينات الإيجابية على الأقل شهريا وقارن العدد بالعدد الناتج بواسطة محللين آخرين قاموا بتحليل نفس العينات.� � فى حالة عمل مكررات للتحليل بواسطة نفس الشخص فالفرق المسموح به 5% وعند مقارنة النتيجة بالنتيجة من محللين آخرين لنفس العينات فالفرق المسموح به هو 10%.
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	بالنسبة للعينات التى لها تاريخ من النمو الكثيف دون إنتاج غاز فى أنابيب الاختبار المبدئي Presumptive phase   ، اجر المرحلة التأكيدية Confirmed phase  لكشف النتيجة السلبية الغير حقيقية False negative  لبكتريا القولون. أكد أى إيجابيات لبكتريا القولون البرازية أو E.coli. ��الأنواع الأخرى من المياه:� أكد بإجراء الاختبار النهائي Completed test  على 10% من العينات الإيجابية للاختبار التأكيدى Confirmed phase .�
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	نوعيات المياه الأخرى��أكد شهريا بالتقاط على الأقل 10 مستعمرات لامعة Sheen  من العينات الإيجابية. أضبط العدد على ضوء النتيجة المؤكدة.��لتقدير السالبة الغير حقيقية False negatives �� التقط ممثلات من مستعمرات غير نموذجية Atypical  مختلفة وأكدها.�
	2) طرق بكتريا القولون البرازية Fecal coliform procedure ��أ) أكد الموجبة شهريا بالتقاط على الأقل  10  مستعمرات زرقاء من عينة واحدة موجبة. أكد فى مرق لوريل تربتوزLauryl tryptose broth  و EC broth. أضبط العدد على أساس النسبة المؤكدة.��ب) لتقدير السالبة الغير حقيقية ، التقط ممثلات من المستعمرات غير النموذجية ذات الأشكال المختلفة وأكدها. �
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	ب) أنواع المياه الأخرى�أكد عينة واحدة موجبة شهريا. أضبط العدد بناء على النسبة التى تم تأكيدها.��4) طريقة البكتريا السبحية البرازية Fecal streptococci procedure  - القط 10 مستعمرات على الأقل شهريا موجبة للأسكيولين (مستعمرات حمراء) من m-Enterococcus agar   إلى  بيئة  Brain Heart Infusion  وأكدها واضبط الأعداد �
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	انقل لوب أخرى من BHI broth  عمر 24 ساعة إلى أنبوبة أخرى BHI broth  وحضن لمدة 48 ساعة عند 45 درجة مئوية. لاحظ النمو. أصبغ بصبغة جرام لنمو من BHI agar Slant والمحضن لمدة 48 ساعة. الحصول على خلايا كروية موجبة لصبغة جرام  تنمو فى EIA وتحلل الاسكيولين Hydrolyze esculin ، تنمو فى BHI broth  عند 10 ، 45 مئوية ، BHI broth المضاف إليه 6.5 % ملح طعام تعتبر Enterococci.��للتحكم فى الجودة اختبر مزارع موجبة وسالبة معروفة.��
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	ب. سجلات العينات Sampling records �طرق التشغيل القياسية لتناول سجلات أخذ وتجميع العينات، نقلها، تخزينها، تحليلها، والتخلص منها. السجل من السهل تداوله على صورة سلسلة من المطبوعات بحيث يمكن الإمداد بالمعلومات الضرورية. ومن الضروري أن تكون السجلات مضبوطة وكاملة خاصة إذا كانت مطلوبة قضائيا.�
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	   تناول أو معالجة النتائج Data handling��أ. توزيع المجتمعات البكتيرية  Distribution of bacterial populations:� فى معظم التحاليل الكيميائية توزيع نتائج التحاليل تتبع The Ganssian curveمنحنى جانسيان. التوزيع الميكروبي ليس من الضروري أن يكون متناسق. العد البكتيري غالبا يتصف بأنه له توزيع منحرف (غير متماثل) Skewed  لأن العديد قيمه منخفضة والقليل هى العالية. هذه الصفات تؤدى إلى أن المتوسط الحسابي اكبر من العدد الوسطى median. منحنى التكرار لهذا التوزيع له ذيل يميني طويل Long right tail كما يظهر فى الشكل �
	ويقال عنه أنه موجب الانحراف أو عدم التماثل. ��تطبيق الطرق الحسابية القاسية يحتاج إلى افتراض التوزيع المتناسق مثل المنحنى العادي. وتقريبا التوزيع العادي ممكن الحصول عليه من البيانات المنحرفة بتحويل الأعداد إلى لوغاريتمها، كما يظهر فى الجدول�  �   وهذه اللوغاريتمات (جدول ) تظهر أن اللوغاريتمات تقرب التوزيع المنتظم.�
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	بالنسبة للبروتوزوا والفحص الميكروسكوبى الذى أشير الى اجراؤه فانه غير كافى فى ضوء ما أشارت اليه المواصفات التى وضعتها وأقرتها وكالة حماية البيئة عام 2005 عن ضرورة تقييم نظم المعالجة التى تخدم أقل من 10000نسمه لازالة حويصلات الكربتوسبوريديم.�
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	تم وضع تخيل للأجهزة ، الأدوات، الزجاجيات، الكيماويات والبيئات الميكروبية واللازمه لمعملى التحاليل الكيماوية والميكروبيولوجية مع مراعاة أن ما ذكر خاص بتجهيزات المعمل المركزى والذى سيقوم بمراقبة المعامل الفرعية الى جانب القيام بالتحليلات �
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