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Total Bacterial Count — Heterotrophic Plate Count (HPC)

-dadia 1

& Anall () il alaia ¥ dglay die 5 Laga olaall 8 4 5 53 5 i) L iSAl aae Jasdial
e cila (L S ISH aaell aasial Gl a5 ol e 53 e S )l ola
4y shall a5 4S5 e Baaiall LY Sl (g il slie due 53 481yl () 5 8 Ly ISy
Plate counts lib¥) s a2l 45 yla alaainlyls Sl JSH saal) spaail Luulal)

nshad 8 Jaal) yaiul s (Prescott et al., 1950 ) 1898 ale i procedure
Goklo OY) Comy Ll dashs sl (8 edail Ly il ase e ST AEN (3 k)
Standard Methods for the Examination AbiLdl culalaal) g oluall HLady Al
of Water and Wastewater (1905).

Omaaill 5 sdiall dhall cuaadiul Ly 3 Poured plate bkl 8 2l Gk
3alaS b JlaY) el JAa) any 5 Gidall s e Lliall 4 gia da 53 20 2ie
A sia 28 (e Slel pmats ) a aladiind (K4l L S deii Al ilas

1912 ale el (3l AL Cliladl g glal) LAY dudll 3kl e Al il
xall Ha¥) Ly aladiuly axdl $LLY el 24 sad 4 5 37 die Guiaaidll cal
48 330l 4y 5 20 e (S ) BllaY Cppmaill JaoT o815 « Nutrient agar

Dl Jlal Ay aladiuly g delu

OSLy el (3 5Ll (pa ke A Amlall el 3 50 20 2 (5 S0 3l JIA
ale els Al e Auwalal) daadall V5 1977 ple e ZEN dankal) dia i
YolaS dlt Jaol Ll (3,0l 5 1985 Ao i Auolid) dadl i5 1980
sl Al ¢ Eiial) s A sie a0 20 S (5l sall 5 5 050 sl L Ll
43y 5k Jlaal BLRYL aall 48 Hla 8 3ae iy il L@l ok e e
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Spread plate .aLbY! e 3 &l 45,k s Membrane filter (MF) zd @) 4uie)
Low nutrient medium Sbaxall (e L) sisae (8 dadiiall Ll alasinl 5 ((SP)
(Reasoner and 45w 4s ;030 « 28 <20 2ie Gpaaill aladiul ae R2A

LAl ST dall (5 glue a8t 4dl8a (s B30 5 Geldreich, 1979; 1985)
Slaall L3 (HPC ) 45 55 ysig)

e 5 anihy Alin Y ae ol olae 8 L i1 ISH a0l (3 ks alaia ) aaad Sll3 aay
b ALzl g 3asaa iy slas ) ol a1 o8 slaall a5 alas A o i) ol
aahall I Membrane filter mad il 45215 Spread plate k) i a4
11985 ale < jela il 5 AL culalial 5 olsall JLaaY Lpulll 3kl yde dualud)
oo aliad il g (5 yha calaatnd g Adianl)l bl Hall (e S Cu el Zaal) @) guldl b
il all pams 35 5. Poured plate procedure | il 4 suad) GlkY) 48 )k
) BllaY) e 45l e 48 Hhall pusd yuad )l g G kal) s sale) 8 Cu
Heterotrophic Plate ™ 4 55 il GLlay) 2= I “Standard Plate Count”

. " Count, HPC

Aerobic and 1uia) 4 sell s 4l sell L ySHll ay gy 408 5i g yigl) Blday) ae
AlS o e gail) e 5 Ul oLl 3 325 g3l facultative aerobic bacteria
Gy e ) all A A Baa) giall (lasin g Lisal (alead ol jun 5 ) Angsy 4 gne
aall il all il Galla g 5 sl da 535 il G (e Cpaanill Baaaa Cig
ST LA 8155 58 il slse 8 dalall b 5 gyl LA a0 (5 5ka 8yl
oo Jadl Joalds e J geasll 310 3l sl Jlarind e sliall cildana Cuna it g
oAl slaal a5l g S L i) e a5l 5 slaall Aadlae ililee
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Uses of Heterotrophic Plate Count Measurements

Algiunall Lpwaily Gla¥) juaic L Sy oliay J2aY) a3 58 slsall dadlas (o Cangl)
4 slasSl i slall g (5 lSadl il siase add] dallaal) Qi 5 (e Al Jlerinly
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22054
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Methodology Considerations 4sagie <l lis) 3

ale 7 & daul 5y caa s Pour plate technique (PP) 4 suaall GlikY) 4
edlide ) e Ao J pasllas ,S (Koch, 1912; McNew, 1938 )1883

e 4 suadl BLLY) A8l calexial Gasiall QLY 6l 8 53 e LDIA e Ly 5S4
44y Hla Jaatiodi ol (il slia (8 L Sl dal de b 48 B2l 45 5 da 50 35 die (yuanill
sl s Al pe 455k cglS LY 5 Spread plate Gl e 24l
ipael 44yl (APHA, 1985) 1985 ale dpulill (3 kall jie dualud daykl)

e b ySI4 e alad @l (Taylor and Geldreich, 1979) MF gz sl
(e a5 e ST Al (e paa Qo et Ly)ld Aadlaall o pall slie 8 L S
B3LbYl s Poured plates 4 ssaddl GLbY) § k Jlasiul (e 25 Jdle g sl
Adlall Aadall i 2l 45 Hla Gl g8 b aa s Surface leabw e g 560
Al Hla JS sie 5 Dl e (L lad 51985 ale & jeds Sl g dpdal) 35kl (e e

Poured Plates 4ssumaall gub¥) 1.3

O Al als ey Jlasin¥) A ggun s Aaby 5 L Hdma 4y saaal) Gyl 43,k
slal) (LS aal J8 s A5 e 48 yha LeiBlany Glide L]

5 )5 e dale dboay ysind Cilal) dimidia dglall ciligd) 8 L S o
iy (5 53y yual i Ll jels Ul 5 . Physiologically stressed L sl sud
43510 46 — 43 n L3l s Aa yo die abaia y JaV) jeaa e 400N ) jall e
Klein and (1974) ekl 2%, (Stapert et al., 1962; Klein and Wu, 1974)
Le Lasinall 53 jgamiall Ll o j2ill 35,5 Recovered salaiuall L <3l dlac ol Wu
oo J8 4 puaall GLLYI 4G Hh 8 lele Al Cuadagiidyfeda 045 a0 e
Gk 48y Hha ) il Gl e 5 5 guiall 3L A8 Hh Jlesinl (e 3l Lgiliie
Al A Lada g Aadii s )5 paall A5 yis il L SN aal duilia & PP 4 saadll
o s el A€y (A 50 45 ) 3ol pall dubuad) 5 Apdaall o) gall a5yl 4l
o Bl L S e dlae o Aails Adeay PP 4y saaal) BliaY) 44y yla ol oL e S8
L SP (gl e g5 30) gl FulaY) Gyl Jlexivd (e Al ols
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(Buck & Cleverdon, 1960; Van Soestbergen & Lee, 1969; Means et
(al., 1981; Taylor et al., 1983; Reasoner & Geldreich, 1985).

ol yaniasall 5 PP 483 e 3 (Randans i) el 35 saie (S5 L iSO ()8 IS
(o3 508 3 55 Ly Ty A 5 sl a5l Y 5 il I ued
il

-

\..\A}cdlq..‘mbpp m)ke\mchhn\uSAMang;\as\u\}A :*\_uu‘é\_m’.&\
OS] ana dalas o glladll () 65 Laaie 48y ykall 3318 (e aay

Spread plate (SP) (k¥ g5 gl 2,8l A&y 2 | 3

S5 3 GLbY) jpant M zliad (S5 ¢ PP AR sk (e 4 saa STl SP AR 5l
Al Gy ¥ e e Al 5 559 2 )l Aadna Al dpala ) (Bl Jleniaal 5 Bibas
OY by PP A% )k o ST Alas Ledl (gl dpnaily 5045 48y yhall la eclalga)
tlee s Al gy J gl a ga sl Lgamnd o 5L Leild cladia Wy jpuani o 3l (3LIY)
o b€ AaS (i 38 CilS D) gl ¢y gda Hl1 3 8K ()5S Lanie Lellariaal aae a3k g
Gl GLLY) i (Clark , 1971) &iladd < elal 815, too dehydrated 4 sh
aaa aladiilly et (3adall (A Al e JW 15 [ al s 4 — 3 G Lo i 3l Ledadas
ot A aaall la cdlld xa s LA Gadaiul e 5l (50 dle 1 () Jeay sl
Jk0.1-05 s g 0

LS s e Baclan STyl 853385 i el L A il SP 45 )k
dacl asd SP lé codlel el LS celly e el g PP A4y jha e elall & 52l gill
Ay b e g 35 Al 3L SO o Ll 5 PP sk e i paniandll (o Sle

O eall o aild lld e 5 Loy Unima a1 (560 aie 050 Y W gl (8 ¢ laY)
AN pailadll s canall clinall ol il b jantosall (S5 b (5 5 all Jaady

O O 8 ddalise miliall CilS 5 PP 4% ks SP 4y )k 48y < 58 saae il o A
43yl e 48y ST 4 PP 44,k of S5 38 (Van Soestbergen and Lee, 1969)
SP a6k ol ek 4slh 0 jially Sy Sl (Taylor et al., 1983 ) ,S3 ¢ SP
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OSaall Aiall ans 23 gana B Gl Hlall & iy PP AR yh (e Ji5 Y 481) Cua (ge
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Membrane Filter gl il 4p&&i . 3 . 3

g0 e HPC Lo el i 5o J) ae il A8 S meads yill 4052148 yla a g 5
DA (e elld g il sl Plate count procedure 2l slal 4ay )l )5 S
(e Aaiiia ) S 55y eansd A3y Hhall 038 e 1 (e ST Al (e aas Jiday 2 ladl
Sle i lgasasa s Finished drinking water 4l o 3l slae 8 4 iS4l
N gall fpa i Cunn 5 g cdn o8 Sl ) g eLEal MR e by g e oSaall sl A
IRy L) 381 g5 Ly SN g AilSial e Jadais )5 sLiall mhans e

. Bores sl

44y 5k Lde Jianiall @l sl il dnie ] aladiuly 4le Jeasiall (5 S a2 &5 i
(1 Js) PP dah e ST sl dgslae gilin st 4082 V1 A5 Hha of < jelal PP
aalise clul 0 DA MF, PP, SP Gk lexiasl geilitl adle sy Jsaall 138
MF @i 5l PP i ISP and MF g8l G Le cansill 5 | 2l (pui Jlanialy

Gkl Al 3Ll jelsito SP



WWM-gtz seall <o pall 5 sbuall ol elin UG i pdlolaal) L 5l 35 S

Table .1 Comparon of HPC el by pour plate, spread plae, nd membrane e methods on e same
medium wilhin each eferenced study '

Method (CFU /) Rafio
Temperafure e

') mow M PPME- PRSP ME/SP  Relerence

R 1 ¥ | - 0% = Buckand Cleverdon, 190

kT g - W W - - Saprtetdl, 12

i 0w Iy - - 0% = vanSoesthergen and Lee, 1969

% 4 M - = "= il = Kemand Wy, 94
WM - - 3 -

| m % - - W = Mensetal, 191

5 m W - w R e

o0 Wom - - 04 - Tayloretal, 198

0 Wa = i = = Maletal, 195

% g0 m o 1% 08 05 Reoneretal, 1985

i 00 7000 4600 0% 0 OB

0 0 g0 %0 0 08 04 DM

3 ¥ - - 0 = Lombedoetal, 1%

i 0 5 - - W - |

! - 5 W - - (% I

1 w m - - 04 = Gibbsand Hayes, 1%

AT = room temperaure. CFU,colony-foming uit, PP poue plate, 5P spred plte. MF, membrane fler
 ase o ato given i the reerenceand abiraly assgning he valu of 100 CFU/ml s the pour plate tean

e Bk Jin Al sl oY ddalide =il @lia ¢ MF to SP <l jlae s
LJA)@-LM} ow\Jm&jM\BJ\}é\:\ﬁhyug)ﬁ\A\.lc\
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Jlarinly g o il Apde | 43 )l o (LeChevallier et al 1980) <l o
PP 45,k e duail cilS (M-HPC oY) oo (1) M-SPC 43
S lia ad Ky ¢ IIL Anllae @yl olae (e L S (adlATY
ALl PP 4Gy jla 40 jlae A, LA sbaal) Jalat die iy Hlall (g gina
Reasoner and 4%,k Plate count medium — Guba¥) e day
Ol (s )l S 4 giada )2 20 Sl 28 ~ie 43l aa 5 Geldreich (1985)
2l Gle dians R2A 5l M-HPC 4 dlesinly s o il dpie 1 3y Hha
ol slae dalas & dulidll PP a3k aladial e e LSl slae Y
OSI 5 4y glie M-HPC il cilS ¢ (pumais ) jaS 45k 35 da 0 e
SPC sk Fujiok et al., (1986) ¢ il PP 4yl il (ye S

sl A L i) 22l M-HPC agar and R2A agar i plasinlys, MF
O o AL e O 80 i aliinss PP 4y ke of | sam 55 )
M-HPC  in e sl Jlerials LS (00 96100 aliicd MF 4355k
.or R2A

LAl sae ol Aeadtonadl 2l jea €15 ¢ bauae 35 jlae bl ja Cu el
Sdl Jsaally i) vie e V) A 2 o) s A i i)

Gl olie (8 Auds yis gl L S 5o il A5 ad) a9 (2 J92n)
CAdlig (3 )k g Baie il aladinly
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Table 2. . Comparison of HPC results usinE_different media
Method (CFU /ml)
Tempera-
ture (“C) PP 5P MF Reference
35 3,137 (sPC)* - 4,273 (m-HPC)  Taylor and Geldreich,
1979
20 170 (5PC) 440 (R2A) 510 (m-HPC)  Means et al,, 198]
20 - 4,000 (R2A) 12 (m-HPC)  Fiksdal et al,, 1982
- 1,000 (R2A) 110 (m-HPC)
33 - 20 (R2A) b (m-HPC)
- §(R2A) <1 (m-HPC)
35 277 (5PC) - 283 {(m-HPC)  Green et al,, 1983
20 1,123 (NA) - 1,217 (m-HPC)  Maul et al,, 1985
1,192 (NA) - 1,192 (R2A)
35 22 (SPC) 200 (R2A) 32 (m-HPC)  Reasoner and
Geldreich, 1985
28 B0 (SPC) 360 (R2A) 140 (m-HPC) -
20 21 (SPC) 90 (R2ZA) 47 (m-HPC)
35 53 (SI'C) - 66.7 (m-HPC)  Fujioka et al., 1986
53 (5I'C) - 57.1 (R2A)
26 390 (SPC) 1,550 (R1A) - Stetzenbach et al,
1986
2 100 (YEA}) 710 (YEA) - Gibbs and Hayes,
1988 ;
440 (R24) - = o

100 (YEA) 3,900 (R2A) -

CFU, colony-forming units,

* Media: SPC = standard plate count agar; NA = nutrient agar; YEA = yeast extract agar,
R2A medium (Reasoner and Geldreich, 1979), m-HPC medium (Taylor and Geldm:h,

197%; m-HPC was published originally as m-5PC medium)

-11 -
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i) (a9 B1oa da iy cilind) | 4

a0 Plate count 3L (8 aall il Cuas auliall (3 k) e YY) Silagdall
5ol die 2all) dyie 37 5 (Aa 50 ja e ) 45500 20 Lad Guanills ) s
sall Ry s LS 3 g g (o e any 4l Siay Ay 50 37 e BulaY)ae | (aual)
CGlilae S s 8 a8 Lay g A pall e il a5 Ll ) Jaa
aal Jeatind 455 20 2ie Plate count 3Ll ae o cps L aall Gyl
LY Sl L il & sie 37 50 A Jleind Adad) slaall 1 Jaws 31 L 0
Cumid Sy camall 30 a aie aaedl ) el Glad) L Ll an g Cpaaill sasial)
Qa0

b G sl L i N it Y A S Caat s aa Sl 1970 ole
e a8 Sl (D el 13y Gaasill 5 ) s i de g Banaa Ay i ol
Al GLhll (e pde dualull Akl SHPC I SPC

Distribution g sill slai slus (8 L iS40 a8l ok il dgie ] 48 Hlal Aalal) ) b g
Taylor and 4wy m-HPC (Mm-SPC) agar  4awslis sl system
4u 5 (SPC agar) 4l dliles zilis Jaxil cilis daull s34 Geldreich (1979)
< QU S il WIS yeast extract agar. Tryptone glucose
M- 3w of ey Ai5i 35 2ic Plate count Sk 8 2l il 4pulall (5 )kl
830 b s La Jlaa) Saall Aall aaa (8435 el laans el il L2 ] o HPC
LS e alS d sy Hhall b gas

@B siall L Sl s ) sam i o lld 5 Ly SN Gl adaed sl plaia ¥l Gl jlaial
Ll sSe a5 il s R2A Ay slas ) Gl Asdleal)l il sl 8 Ladal 6
danldll 3LLY) e day (&e e 5 Reasoner and Geldreich ( 1979, 1985)
b aidie 4 & R2A 4« m-HPC 4w Standard plate count media
e ASI (5 gimall SIS 5 13l oSa (e (g sSa IS S il Apadlly el g lbdaall (e La) sing
(Fosie 35 ) Al 5y al) Jlaaiulyy . lidiall (e dalida 5,88 1l S Lg oK1
R2A 4 alaaiulis MF ¢« SP 3 guiall 3LLYI e il HPC 45 jlaal (panill
oo Sl lgie 23 R2A 44 0 qm-HPC MF 4y 5k 5 ¢ PP 4y ylay milill elly
(R2A A Al ol (ppanill 33a Jsh | 5 AY) Gl aladinly dle. Joasiall @l
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S daa il sle AL KT T el (pe dcasdial ¢l 3l e L) siae G
et Jef jedai 4y da ;028 5 20 e 4kl 7 — 5 saal Cpanill g liday JiST ¢ il
Al elli e by Sl e

44n 3 SP, MF (8 yh alaaiuly lgde Jantiall HPC &l (8 358l e 1 JS4
528 20 x= R2A, m-HPC , standard method plate count (SMA) agar
252 14 (A 2 easaad (panisdysiada 235

Lsieda 20 5 28 Geil e il Lsieds 2 35 e Guasill Gl 4de sl
At Al e el G peny
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246811214 246810124 246B8102M 24 65100M
INCUBATION TIME, DAYS

Figure ..1. Comparison of 20°C, 28°C, and 35°C bacterial counts of treated dis
bution water. CFU, colony-forming units. SMA, Standard Methods plate |

R2A-s, R2A medium with spread plates, R2A-mf, R2A medium with membrar
m-HPC, HPC medium with membrane filters, Bacterial counts obtained

and methods options in Standard Methods (16th ed.). Data adapted from R
Geldreich (1985).
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Glad il ol (e Adlide Clie 53 (A4 g il L 2] R2A Aay Cilaatil
Jlexin¥) ddasi die dallas (e 423l olie ¢(Stetzenbach et al, 1986) bl olw
by slas€ AN Y 4 563l dadlas ol «(Reasoner et al., 1987) dadidl (s SIL

e badiall s SU daliadl Uy 5S4 28] ((Fronk-Leist and Love, 1984) 5 ki

Sall maliil) Apsie | Cali JaaY 5 (Camper et al., 1986) il ghs
.(Ridgway et al., 1983, 1984)
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PCresulls’ L
Bacera count (CFU/m)

— Incubation time, days il
(') method e 4 e by, | Reference 1
B SPCHT - 200 - 3000 - = 6200  Kleinand Wy, 194
B RAS - W om == = Madietal 190
N RASP - e === AN |
3% RAMF IS, I e ) |
0 RAMF LBl ST e T i
0 mHPCME - 190 %5 L7 - = - Maul et al, 1985

R2A-MF - W oW - - -

NA-PP - W8y - - - |
B’ SPCPP - 1 - W0 - 10 15 Reasoner and Geldreich, 1983
B SPCIP - 0 - 60 - %0 1000 it
0 SPCeP - N = 1 - M % |
% RSP - M - M0 - S0 30 1, i)
B RAS - B0 - 280 - 670 7200
0 RASP - 90 - 1000 - 4700 6100
B RAMF == X~ W
B RAMF - 80 - 2200 - 3500 4000
N RAMF - B - &) - 30 40
% mHCME - 32 - M0 - 150 130 b
% mHPCMF - M0 - 1000 - 1700 1900 i
N oHPCME - 4 - 40 1600 2,000

% AR 13 168 - 08 M2 ME ME  Siley 195
2  PCAPP 17 21 - 101 143 1213 158 ,
1 YEAPP - - 1 - = - 1800  Gibbsand Hayes, 198

CFU, colony-forming units, !
*Based on plating ratio given in the reference and arbitrarly assigning the value of 100 CFU/ml as the pour plate mean.

Jlarinds U i< e dlaef oadl Je J geaall las ddla Ll aa g cpuanill 35 a il

Ay
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) G COOUAY) ¢Cppianill 5 5 50 e jeday asae Gl o il jeday 3 Jsaa
33y ) gaaliay (uanill 3 56 Akl ddale ddiayy LS ae 20 e a3 ) s g
Ads i il LS dlae

ilae f derdtall cilindl S o jels Reasoner and Geldreich (1985) sl 3 (1
Opanill 3ae Jha e il Copay s g sie 35 o Gaanill die b S (e Slae ]
hel 4 5ia 20 A0 o mntll o aa gy (3 Joany 1 JSE ) deadiuadl) 48 hall
el G Y 2 14 =12 Y Guiasil) sae il Lexie il S e dlae Y e

comdbal) gl (N (U o gal) e Ay e A 50 20 (e 2l e el S 45k 28 e
Al \ele panillo )y Jumil (8 Ll jeladygiads 5128 (il £ aland
28 e sl e R2A (o 4 Juil o} S35 Lombardo et al., (1986) <l

Al sbe Jalail dpuilly Gl WL 7 30 4y e da o

DlaT Ay Jleatinls PP (o8 385 555 gl L il el Al 23, plal) ol ol jilas) d
3 4 g3 22 — 20 e aailly Yeast extract agar (YEA) sxeill aldiis
PP b aladiuls R2A, YEA i Gibbs and Hayes (1988) o5 .2Wi 3
Coadfiy ol ol (e e (B L S 2l WL 7 ¢ 3 32l (puaaill ae and SP
) il

4 Shel R2A 4anlaay gaaniall 7 s phi ol 3 sl 4 liae
la b (e all 7 dic 2all 3 el Cilaial 8 oLl 3 aie aaall & e f Calaul
YEA iy

2l 7 €3 e S e PP Ay yk athae | Le Cilaual 7 ilac | SP A3y 5hae
sk YEA 4w e jeh lecann 27 < 93 SP 44,y R2A 4p kel e
il Jde SP PP

el Cana 520 slaci Chel Al 7 524l Griasill ae SP 44 jhay R2A aladinl e
ALl 3 Gpanill s PP aladiul s YEA 4w e el Laa

38 Lo laa AL slac ] daed | joidasl (8 LEAY) A8 Hla () U] ) dea 5 4l 8

Gan g obaall jobian (A4 5 g el b Sl dlael dasi 5 )5 dalall Al de ) 5 Jay
Factial) A L Anal e
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Al ) 5 PP A8yl o) J 8 bl Hall e daml) (e b 0K A elligh Gy e
b aa) i ey G LIS dae (mis ) (a5 8 el Baal 4 e 35 die (puaaill
Dsehally gaill Aoy s Ly SIS A ol Jadh ransi (o g Hhal) e de senall 038 5 il olia
GebpSaniadiay | aall G pall Clilia Gl lra e 058 Ly (Al

Sl S Sy saamie Bpdia d se e s 5ini Ay e MF SISP 48k Lol L iS4

CYa @llia s dela 72 (e sl 3aal 5 daidiia (puiani's ) aladiul pa diaidia

i) 3 538 AUl e A3l dalle i) Lead at

B a5 Lay ) AV L Sl IS aae e J el e g )l Y g A8 )l aa 53 Y
doe il W apil) Cany g A00) 9 A, Hlall HLAAY) elligh ey e 5 (Buck, 1979) ol
Goulder e oke @ S3aly, )8 M Jsasl dd Leliad oy La Llle 3l oluall
o wina s ja i lall el 8 S BLIY 2o (e at Il e M L 54 (1976)

33l oY e el taas A Q) Jleatiad Jemd) e adld by 54 U<

el aaa il Al oS 0A55 A 5 A3y Hhall dpulia (e 3y 3 Ldliaal oy (Al A 5al)
o) obial A 5l 59 SISl e ll dpilia piad Al iall 038 MAaa gl 5 Saall e ill B

dg 9 5 9 i) LSl A8 e aladind 5
Aalleal) cilbles . 1.5

2 Chany (Al (R Al e g dad g i i) L A aaed ilaladinY) dasal (e as)
s adl goa By . bl sl dallas dad e o a5 e IS sbaall (Sl Jaall
dAaliaall clilee JY & ilica paall s ¢ sl L iS5 8 Japiil) o )3V e 3580 sie Ly

48y 55 il LSl axe b paddll e daliall 53 ) sdial) Gl (e Jilal) clligd

Oes L @osill plas Jaxis e puedat o (Al 5 Aleil) olaally Jasi o 58 Lo odally (i
LA A Rl e Lo e 4 5 53 5 el LS dae il 0 5S o Saall
oliall 4illy 4 391 i Geldreich (1988) aas adly | dallaall cillee J3IA (51 53l
el i A ¢(9062) s il 5 Laladll ¢(9 50) aladl obuall (1 335 ¢(% siua ) AN
(S 519699) selaills ¢(%96) g

aail colpall dallae IS Al Lalis die jpedail) aladiiul Ll Caal il culad ol i g
Ol ae daul@ll (PP) 43 seaall 3LdaY) 48 )l Cummins and Nash (1979)
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il Gyl 8 Al olsall ga y 5ISH Jlaind 2ie 5 Aels 48 530l 45 35 e
baal) dalles vie 5 0 87,1 by olsall (el peiiall 345 535 i L iS4 e
e\dil.u\ de Al s .%99 5 9%98,7 (ke el Ja BRI EREEFON| e\sj\
5 9%99,6 L=l as 5 s 55 e il g Jalaill G o e il 5 B3 s A G ey K1)

il e 05 99,98 (e S

ol =i Hutchinson and Ridgway (1977) Waes ) il sheall JA (1
(2 % 80 — 50 Cll 3 g el s A Jama 5 cpdiad) Ja 1) Jlazinly olsall 4aal) dallaall
9650 (o s J1 5l Japesal) o il Latys (4 50 A 53 37 i Bladal 2e) L i€l 2

i Balaiul 150 Calysbiall s o il Ridgway (1978) Sl JMA (s
il pall SISl lai ) 8 a5 5l plai B L SiSAIRegrowth

YEA agar 4w as PP 4 gaal) GLbY) da jh Jletinly byl axe puasi o5 ail
A3V Lo iS5 ol 7 30ad 43530 22 5 Al 48 5aal 4y 5ie 37 die (sl
Aallaall dal an 15 0m Dl ol (e B85 535 gl Ly iUl

(impoundment + prechlorination +coagulation + filtration +
ol die b N i salatul Ay g o le 1 4 — 1 mle &s gl 55 (chlorination
Ay Al obaall (84 suanll o) sall (5 e olall dpe gi (Rt jall SISl lasd e
Combined il ) 6I<I JSa) 4 jlaay MacLeod & Zimmerman (1987) 4
o bl Al glae (8 il slae a5 58 plas & vl sl ) KW dsachlorine
LSl slae ) 84 simall 320 3 & el (K35 L KGN gl Baladil 3 jalls
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Storage and Distribution ajsillyceiaill 2 5

L AS al) Jlontind L @il 35 (5330 il gm0 S0 e 5l 480 5
AU L) 523 5 (pm ALl sl ) S0l e il 8 p8ls 5 555 )
end e gl lamiad S (bt 538 (S llgianall ) Ll sy i 35
HPC a5 55 il L iSull Jadl 5 il

axkall ¢ pii Jain )5 oLuall Agsthetic ddlea) palill 8 JSLie Cans Lay y <l il
el sall 8 JSU Jadis 3l 5 Apalaiiy) JSLEA) oz S saill colyall (5l dail 1
.(Water Research Center, 1976) 2 sall Jlai g

Jaii Jal gl gy il aslac | 48U 5 a5 i) IR 32l 31 1 Ja Ly 53S0 slac
el 3aa 6 yall oy sl allas Jaxs Ll Algal) lpall Fum ol g iS4l Ao g3l
<3S,y (Geldreich, 1974; Olson and Nagy, 1984) 4alidl sl
B pa b a )l allas OIS slaall due 53 (8 < juadl) e daadl bl jall (e paal
Ay yig el L Sl Ll

Aallaall Jal e IR bl caladl oLl 3 Pigmented bacteria 45 slall b i<l aal 8
(Reasoner & Geldreich, 1980 and Reasoner et al., 4w & )sill alaisy
Standard <l s 3k 45 5 gl L Sl jpaml il Hall Gl 8 Jeatisl 5 1989)
ol paliind A 5l ey Aysie 35 die Guasil e PP, m-HPC MF, R2A MF
LS Jadiis 8 (s i g aiell LS (g dlael | yedal 8 m-HPC and R2A i

Jedsl e Y1 g ol 7 sad cpeaadll S5 Standard PP 3& ke (e ST e lall
Cre A sina A 4l Ly il cilie . mM-HPC and R2A i e 4 slall Uy i)

2 slall Ly gl alaef oy Jalsi ) QIS aa g, a5l S g olaall (8 38l iall, HPC
13 Ay a5l Al g ) il Uy Sl S Ryl i sa g

8 G e 5153 M-HPC 43 yhay L 534 sl of LeChevallier et al.(1980) 2
Y s il aililes S8l S5 cfu/ ml 110 X 1 .,2 o
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5l Gale A8Dle @llia () aa 5 S jall ) IS dal 5 e aaadl (e 23 5l aa g
eV R NTU 5 (e oST5,18all (585 Latiad HPC LSl (e obaal) (5 sina
ST Ol a5 sl sas siall LS Catalyg L s le sl 3 — 1 o Lo Sl olue
% 35 Js=5 Opportunistic pathogens 4 ki) L gSll aivi lgia %30 (e
dal 3da HPC L S5 slae pas ) il 5, 055800 L3 Antagonistic <labiaa

o) olae ol & (B il ¢ O o1 Bl L S Jan ¢ A eI b pS a g o

44,k 5 Plate count agar Jwxisb s Olson and Hanami (1981) a5 3l
L Sl dae 8 dan g DA Gllia ff Aol 48 3ad 44 g 35 die (jucaailly SP
alai (e i) 2 adi g jacaall (p Le Caliad dadlill (ulia¥) Gl 5 48 5 55 g il

b GAileS 54 auh delse (S5 08 CEEAY) Al 45 el Jal gall Gl 5 a5l
ClS SIS Jlanins) pe a ) il Al 8 Zadlia) Gulia) o aa g adly a5l

¥ &us 5 Acinetobacter, Pseudomonas/Alcaligenes, and Flavobacterium

o AL Gaia Y Gl aay I Janiay

Pseudomonas/Alcaligenes,  Acinetobacter,  Flavobacterium  and
Kilebsiella

3_baall L il e Ul saill 58 5 Regrowth  seill saleiul (g Le 48 )&l Cany Lia
Dormancy — osSwdlla 8 il lli 5l I il o Injured bacteria 4l
L Jlaiil e ) saill sed After growth Ll ¢ 4 5 e cud o S

okl @55 el ge rha (e (5 sl alidll) ddlall

oSe) LAl sed o8 Cuall sk 8 I8 dlael A5 5 el LS caaa il
) anall (il el (e 48 5l g dariivuall H5lSH Aoy saly ) ) @l a8 (a8 i)
.(Brazos and O’Connor, 1988

LS aae O (e ol Lo 53 e Biofilm i seall alidl) s Gy sl

&= SP 4& )l s R2A 4an Jlerinlid (LeChevallier et al. 1987) 45 yi 5 igl)
idasa (e olall o) pe Sae Y1 83305 an 5 (Al 7 3240 & e 24 — 20 ie Gacanil
(JLe /cfu °10) L shall 4 () (- Jle/ cfu *10) Aalladl)
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5 sind ClS (i 3 lda s 65 5f) JST 3 ASaill dandisall salall (e 45 5Siall Caaill
10X 2 e G sing i) mhad phadl el 9IS Jle/cfu °10X 2¢4 e
. Zaus/cfu

sLAY) 3 ga o L) gaig o gl alidll 3 5

alaxisall 5 AY) e LiY) 3 ga 5 Basing bl jall = shud caliadll s Saall il
Household plumbing Jball 8 Al alai g a5 58l ol ga 5 dallaall Cilidee 4
LS aae Jeatin) SIS 5 48 5 535 el L Sl e (3 )k Jlaiuly g8 Systems
JSU Lol oY o ol g 35Sl bl Hall 8 3ud g 5 g il

Plate <y ae SP 43,k Jexiv) Nagy and Olson (1986) lalsal 4wl )2 iy
LS slaef sl 53 coun agar, m-HPC, and R2A

Jaxa () a5 5 350 das (e 2an100/cfu 10X 5,75 Y 2100 /cfu 11 oo
Ol 35 Aead Ol 5in 10 IS aby e o1 T (s sVl o e dlac) a5al 3

Ao o (A ra yy Le g i) o o QUSTL 8 550 g 5 @i e e LA dae
Zallaall e gl 5 amdaiall () (5 st il 3l gall (ha midiall 5 sivall colsal
8 5aa) giall Lowsdi (o8 3353 sall LSS (ulia] cilS 5 etaall (ga isiall 2 g g XS
olaall

de siaall jul gall = o e Aol K ge3 Donald & Pipes (1987) wsu2s
Bl (e 3 e Gl ik Cum e | @l sl A el g Cast iron s 3l vl (e
il Ca e ) (e (Risie 15 — 4) ¢ (Rasia 20 — 15) e ol ol
A A (8 ol bl e AV (and) ety a5l allas 8 Ldlaaly oLl

1100 dxu

Canl s (Qish 2 n3) 052 115 — 67 ¢ (Lpad (a23) 052 41 — 28 Ll (e )
&5 ol (8 4 5 5 el L SN O slase . R2A A Jlainly 438 5 5 5 el Ly i<l
2l &l @) A Jla /3 jeatinn 219 (A1 4 G e s gl 3 Al jall 3 e £8) ga dic
Sle LSl clS | daslall &) il 8 Jle /5 jeatise 8300 (A 100 O e 30 sl
S P f5oaeinna10 X 261 O Lo sl s ) gl s (B slsall im pmall a3l ausall
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X1,58 (o %o [ 5 aninse 56 G Al il yidll NS 2o f5 pexins 110X 7,59
paall il il e 385 55 iel) LI il g 32,0l SN A Zan P10
°10 X 1,44 <olS Al sl A 8 100 dew SUIDA A sluall Aa yaall 5 5 50
Lol slael pn A 8 dan ge 4o Mlia CuilSy Zan [ 710 X 1,74 — Zon [ 3 jerinn
DU S 5 A S AL Ae @lla (IS5 Gl aild) mlaw e Laalaed g ol

L edsall e aaiad Loy A8Mall oda 5 4811 5l a5 b & <l paibll sl e L S
Sl aibal) o e 45 535 il L Sl 5 olall 30 (o Le 4 B A83e Lia llia
Ge Ll il puilall e 385 555 pied) L Sl gai (he 2n Ll aga olaall de s a3l
daaildl LA A 5L f Monochloramine el ) sISU (el 33l 3 3y sk

. Attached cells

55055) L A a5 41213 3 gm sl 5 5 gl oLl 54 L S o o s
el 5ISU Ol 5 3l LS (e Ll sbadll (8 ol (dsiane il 8 — Jadia
Chlorine IS aush 56 5l sl IS0 e il 3 s 8 ( Monochloramine)
.LeChevallier et al., 1988).)dioxide

G A PVC (e el g (B agd g i g gl L Sl e 4 gina olaa ) el () 2n 5 2l
A L S de Gl PVC (e Aziaall juul sall slia (8 50 SI) (addia Gliall (e
JSU Led Chaa 38 58 30 sl jad se Gl an s . liall il ga e dadlil) el o ST
o A g Jaall LS (o Ll a5 L Jilen g 558 aldas (g Al g e L) Ly S5 dilal da s
sl (e 32 siall Lt o AT 3aldl)

slaall il ¢Sl 5 L) 3 ge dansd e L S gty gl A aad el (e
. Colbourne (1985) and Schoenen (1986) a5l aai s il jall

0oe 4 sina Janality Liaa 48 5 555 il L S 3 5yl Jlexind (8 (adleSy
o o 5 LBl (3 yhal) s Gl a5 6l 5 o RS cAadlaall JOIA oliall due 53 A ) yadl)
:\Aj\:.d\k_IUacn QJ;}LAJ‘)‘:\S:‘\SAJ\@ow\@ﬂd\ﬂ\@\}éwuﬂu\m

Claite il gl 8 aSail) gad wdai Lesh 3) 43l oo 3543 5 53 el Ly dae ()
a8l Jaadil jind (e 3aS ) edaddl Jila Jlarind slaadl 3 5 jlaall <ol jelaall 45 g3l
i Loy Aeadiiall & jedadl) Cile s (dd Al g ¢ yagdaill 4y g8 o) i) 5 5 e
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b paril) (5 e ol A g yi g gl Ly S aaad bl 8 S A8 ellia ¢ 5S4
Anlaall 8 jpadl) Gny sad Alaind ) 2lisi Sl 5 olsall Lo 58

S A g i g i) Ly Sl el g Adlall i 38 i () agmall (g 4l e a2 M) e g
daa o Ll pe bl 85 0 allia ()b cay sl ol 8 Ligee (SLT A L
DA (e sl DY) e Sl g o el e Wi () (Saall (e Al 5 Gl

o Aerosol AW (il e ilaslas e dlia o e (33)) sl Sleal)
o3l el e 5 ¢ O palll Jie waterborne pathogen skl ce 50 giall ial 3 Cua
<5 Mycobacteria o= sl Pseudomonas aeruginosa ! g i il s alall
o jlall oanall il e o )E 815 A5 sla alentiual slpal (il (e Liss
oalaiY) olac A3l aes Banl sie pe o Akiha Db g 53 s il Ly SSUI (a8 eIl alacY)
G ye e ale dbiay a3 EIKIL AL Jlad 8 aa il deliall aaidia
Bady 4l Zliagy Jlaall 13a (8 Sl

e e bl Jae Sl IS Apzpdal) 48000 8 4a L piSGH o3 (e daall 4 ) el g
aaal) @llia 5 ellgiid) daia g o il sl aall e gl als (he 5 jallal) Gl Al
Viable but Wie ) ¢Sar Y STy doa Ll dlla (8 Jai o (Saa) (g (A L S (4

(nonculturable  Roszak and Colwell, 1987 ).

Jlanin gy a3ld (Y1 Janind Al de) 30 3 ey laae oK Y sl oda o Walla g
s 3aa) siall all sl aa) 68 e RS (5 5k aladial | LeS il 5 5al 55k
Gl i (¥ danal donally Leaa] ani s Leie) ) oS Y Al s il slia
Conall e e I Aalald)
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WWM-gtz saaall i juall g sluall o lal zali 5 GG ali ll-obaall L sl 505 S0
A Juadl)
olsall 8 48 g 5 g puigd) LSl A adad) 385 3 sk

Total Bacterial Count (SPC)

Total Viable Bacterial Count (HPC)

dadda 1]
Applications <laladiu¥) 1.1

Clanall @lli aal g ¢ Elagll g aal pall 3 SH Clallias & Ol 528 SO Le apen
LAl JISH a3l G (g 0 pidall oball A (5 gina 43 jaa lgn 2l g ¢ A Y)
dal e IA ol ppail) 5085 2y () Sy A5 535 i) LISl dae 0 YA (e
dae ¢ 8 ot ol oSaddl e N el el ) Adleal Al o pil) slae Aallas
Ol yanivea o Bile o pan 2y Loy Distribution system @) sl aUas JSA sluall
Ay Cluster 2siie 5l Chain alada (Uil asl s4da oo Lasila ) Colonies
.Colony forming units 8 panivsall (p5S5 Clas g Z AVl | Jaee 2aall Sy
Cie ) il Al s AEUN Gl jexinad) G e Jelis e adiny Silgdll 2l 5 (CFU)
ol yasisall (o 230 ol i Al Al 5 A8 lall (e dd)) il LA AL ¢l K Lgle
O A Ually | I A il i 58 5l 55 ) s Am o sl e Gpnanil) YA (46
Al s 48 )l Jartian Aliaall dalleal) ¢l glad 30 S

e oS3 el Ad g 55 pid) L Sl axe pail iy Ay 5 5k 3 Alia
a3 Standard Methods for the Examination of Water and \Wastewater
AP
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Selection of Method A&kl jLidl 2 1

3 A5 LSl KU saall 085 8 axais N Lk of e ) (Y g
Ao 8 aa) siall Lyl Gdall aaal) ledal 5 4pati (8 i W cladaed e 5 ol SO
) gkl b g8 AplSa) ane ol jlie V) elli aal (el e ) 3aad 3 il sl
S A8laYL an S LAYy Al Cua e L S e 5 gaen ST gl 2330
oy ay La ()l Ca g plal) Gy con sl Jlaal) 138 8 S5 38l 5 cpaanill 30093 50 s
el Gy o oidall Alall 83 ga sall sl aaall W e 3 3 Y dlaed (e
LS (e aial | (s sind ddle by pm e Cagisll 5o JLEAY) (e (il O g sadl)
s 8 2l alady Lo ba Jay W aaall L Sl axe e 35S 50 065 alaia W) ol

(e de sanall cllil A = SacaWl dpaiil) a8 S g dgn e L 5iSG Ga 3k
LS

Jiay B Al Sale (sl dniany () LS (g adinl) (5 gine 48 jaal 4l g j8all (1a g
Lol ol 9oV aan (5585 () ool A (L S (e dlae Y A Lilial | jaias
oyl i Jandl 2y LS ppaiil) 8 Ao dm GllS gl e LA (ol daiea il &

Aseptic conditions 4iza

Pour plate method 4 ssaall @bl A&y 1.2 . 1

OF OSars o)) Agu 43y sk o4 2n Lad Lebuasi il 5 4 gradll BLLY) 45, )k
LAk 2 AT e sl Lete cada o Abal) dball (e paa e g
Loy Ao (saaill ) &l yariosal) Jaa g dda grcan g Lt 3 yieaa Aailill ) jarfiosl)
o s _al 4ali s Surface growth GLbY! xhw e & 30 43 )l (e J8
ol e s Tempering 4l 3 s Cadalil il go 313 Ale ales ) dle dals
(o i g Al Aiell B30 g se J LA i e dedia O gan A8 @l (4
o el 5 4y 50 46-45 3] s da )2 die Aol Jleatl da Injury WAL )l
L sad aae (o8 o o UL Aaall (880 g sall 4 58S LA
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Spread plate method @b Ao ,aldigyh 2,2 1

Lasd Libiadi by S5 w5 Al mdane e Lgie il o) dasll (e ez 2848 Hha
ALl Ay phall Lo L) Slaalls | DAl A i e deda Lgie Coaag (o Jaing Y 2a
Cle s e A geun b juad (S (Al g @aball 8400 mhass e 0 5S5 GO jariadl

RIS P (PG [ PS. ON [PV VK. SN I PR v - S O V[P e RO [P | PP P
Ga e el oaY (s AT i (6 I A sgan s de s Lol (S Lia Al el

Cala oYU e jlia g ailan e Sy JKEN G (e b pariosall a5 cleale <ol jLady)
M\QLA.«;GQE)L;J}K EJJM\

- 1) Al (Saall Lgie Caggall o all aan jra sa 48 k) elli Jleniad any 1o s
L;c_uﬁ}{j Lfd\) UALAJAY\L;QBJJM\jW\ 4\_;::1.:3‘ 'E‘).ﬁc.l.l;:g Lﬁ"‘”) (JL\’S
Bl 05855 Jamaiinn ) il 5 0 5L 36yl o3a pLa 5, Al Cilia B 0
Bl Apall S paliaiial o 8580 Led (5 Ml inl)

Membrane filter method g il dpdéidi h 3.2 .1

s 3Sal ddaiaiallsball (e S agaa LA Apde Y gl i) A8 Ha e
100 I 1 (e i) LSl e lalsine & Auabdiall slaal) Alla 83 lidall 48 hal)

Al pa dedea Lo ity Y 43 5kl ke s (CFU/MI) Jle / <l jeniosall oy S 50n
s .Membrane filter gzl Al elie a8 HLaadl e ol allSs ) Cauai (S
OSaia ¢ s o0 Aalall () yentivsall el Aaliall daludl a5 AV G gall AL
LSa) sa ol (psle il Jastion o1 3) plian Bl o Gl peninall 35 ) (Sa (s

Glad ) e g B G dea g il Gy iy ) darally LIAY) il
.Membranes

AR Ao M Aalad) a3 01

(10 —Jk 5 -aa 2 — Jl 1) dxuiopiza Pipettes 4ajtecbala 1.3 .1
(<8 5131) Micro pipette sl
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o casall BY) e Ok 20 e il Test tubes aades JLid) culil 2 .31

Lo gdE claay da ja ye gl 4a 50 J 150 4xw Dilution bottles —aéds cilala
e.\s:ul\ BJ\_); deA:U

5 ki 5 daize aw 10 ki Petri dishes cliwdl ol 4alay o sh @bl 3.3 .1
.Membrane filtration technique gl s & au

oiladl) Glasal g Capgail) Jslae ae s 4iall z 3al Vortex J>.4.3 .1
el gdied 5.3 .1

Spreaders (L) <~ JS3 e 4S5 Glass rods 4sala) olead . 6.3 .1
Bl el e o) Rie (ye Aadiiunall ol 35l dgines e b 4aine

Al padiui AU Al ALY GLlall da o (Dol Joay Alaplaa (7 .3 . 1
& lera Ji Tempering 4l ) s Cualil 4y 5600 47 — 46 4a )0 e dasaas
Gk @l alaainY aaxe gi(Poured plate ) sbuall A 355 (8 6l g syl Gkl

(Streak plates) e danll mhaws o il 2 4

Aaaiasal) Al Uil Lagio DS 5 51 Japum o (filban . 8, 3 . 1

A~ A Membrane Filtration Apparatus  SWadl madi il g . 9.3 .1
Membrane filter & ) duiel 43 )b gLl

e 45l ) (A oSadll Sy 4y 5le 5 apile adius oclial 53 Binocular .10 .3 .1
s aihul 50 Say Quebec colony counter ks sl Galall e daiY Lo i
s ae uadlll Sy Sile sl i ae B S dasde aladiuly 4l Ol jeriuall

(9 dac aladinly of 2 ) ) Gulall
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Work area Jeadlddhia 4 1

& (MF) Dbl s ol daSan dd e b 3588l (e A o Bench s si casy

Mie e 058 (MF) el 4y & g g sall mhand) ¢ Gl (e 2afl A3plS
A asi dalas 6l J8 jeay s

Samples «lisll |5 .1

i O 583 dle Jdaill 4 ol e Module 1 8 el el ada il peas
Ly sl (e 0 40 o 5 ool e 251 Uiyt B Y
Binlalie e i3 (o€ Lavie s ( Jusndill il Jill clelu 6 ) el 8
i g ) A AN 038 By daend 50 (15 A gie 4 (e B3 ga A e Al

Aclu 24 s Jlaill I seall G5 (0 43 = sansa
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Sample preparation 4l juasi 6.1

Jd s Al Gl (ol gl ccapdail) il o8 ) Lale (S 5 dalaall (GLbY) juans
2o 57 ) iudl ol (2o 65 ) gla i (e glane liss JBY) e jaays Jalall
o (il (s glel (113 50 25 ) s Lanladas o Lagell Jalas o L) at g JSI(

Al Lalal 4005 15 300l (268 31 aladind (e LLial (il aleY) 1)

Al A ) M gal) L 7 1
Al 5l il A5l (685 () g 5 ol 3 daddiasall Al 1.7 .1
iy Ll Ll (3 sl 3 i) (30 8l s gt Wal L (gl 5 )
(Alle) dta slae ] aad cilin (e 4l il W il HLEAY) 0S5 ¢
1058 O Ll il s QC/QA zeabid Lk ll
L Jie cilliall (e W) giaa & Adlad) cilid) Jleainy il 11,7 .1
Plate count agar (tryptone glucose yeastagar).1.1.1.7.1

JuaSin a3 V1 Lgaladinls aiy ¥ Al oda 5 aalall 3 Jlanina) Al il
Slaef i LY @lldg | o AN il e 45 lie sl 5o Jad 5l Gy i Gils Jee
s Cldaall (o Lol sine 8 dumidiall clil) e jedai Gl o S8 L S (e
2 L la S50 5
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'Y< Plate count agar 4w S yi

Tryptone 5.0¢9
Yeast extract 25¢
Glucose 10g
Agar 15049
Reagent-grade water 1L

Adjust pH at 7.0 +/- 0.2 after autoclaving for 15 min.

Apie| A8yl ae Lt a0dis 8 s M-HPC agar 4w Jwinl; . 2.1.1.7 .1
Al S i g ey Lad S50 e Sl g Membrane Filter method g 3l

Peptone 20 g
Gelatin 25¢
Glycerol 10 mL
Agar 15¢
Reagent-grade water 1L

RMEOQM\%JJQ\;@MJ(JMJﬁl)@J&\\J}A\duﬂul_j
Mo 121 s e SIS 551 b e o o pudal il el ke
5Bl aial S 8 G el g D) sl ade (Sag g (3382 5 Bl
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Jie cilBiall (e W) gina b ddaddial) cilig) Jlesinls il 21,7 .1

SIS 22el) 5038 8 Aeadtidll (3 )kl prea ae lgaladial (S s R2A agar 4w
Surface skl g 3 44 )k —Poured plate method 4 ssasll GLlY) L Sl
.(Membrane filter method 3,4l 4.4 Y1 45, )1 —or Spread plate method

somla la il g ane Alla A A5l S i L i) i) e e alaed Jaad oo
LA

Yeast extract 0.5g.

Proteose peptone NO.3 or polypeptone 0.5 g.

Casamino acid 0.5g.
Glucose 0.5 g.
Soluble starch 059

Dipotassium hydrogen
phosphate K,HPO, 0.3¢g

Magnesium sulfate heptahydrate

MgSO, 7H,0 0.05 g
Sodium pyruvate 0.3 g.
Agar 15 g.
Reagent-grade water 1L.
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4 Cliu g (a5 )0 2l gl alaginy 7.2 aic pH - Al 4 ges Loy
G, Ja¥lAilal J8 K Hy PO, b st (s 513 assli e 5l K,HPO
A58y 15 304l 4y e 127 dic abad g Jlal LRY e ales 8 4001

NWRI agar or Heterotrophic Plate Count Agar 4w sl
(HPCA)

BN LSl IS 2l 0085 3 ke e qe Al 2 aladiiad (S
iuie¥l Spread Plate  ahullg 30 cPoured Plate 43 suadl
hai Chdadl 8 dmidie 40K a5 (Membrane Filter Methodss 5wl
o2 da i Y 35 | ldkall Adladl il | aladind Al e L S e ddle dlac]
Al Ll S (e L jpadan (S 131 S 5l 5 Jala Al

Peptone 349
Soluble casein 05 g.
K, HPO, 0.2 g.
MgSO, 0.05 g.
FeCl; 0.001 g
Agar 15¢g.
Reagent-grade water 1L.

Asie 121 dic 48y 15 saal OIS 5 6Y) 8 aatll Ji pH 7.2 e dia ganll Jav

ki Bores sy ae 47 kb daiza Membrane filter geduil dpdéi 2.7 .1
O3S AT
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Jillaall aal Jlarid Sas Dilution solutions «iddsl) Jdlas . 3 .7 . 1
casadll _a Al

Stock buffer solution _»x=~3 Buffer water ablasla 1.3.7.1

500 & (KH; PO,) cliu s (ua s )3 shasulisal 234 @3l e

Jslma plaainly 0,5 -/+ 7.2 2ie pH Lwas g Reagent-grade water sl dle o
.Reagent-grade water sley 1 A 283, 5 2S5 508 2 503 g Jla 58

3,58 Jslae 5o de 5 5 (Stock solution ) Gl Jslaall (e Jle 1,25 ol @
reagent-grade water 3 ' (MgCl, .6H,; O (el 81,1) p spsiaall

488315 50al aiaill 2y e 0,2 -/+9 2 /+ 99 ClacSip js e

Peptone water (sisdlsle.2.3.7.1

ohie sla (B 05l 09010 Jslae s e

O 2 -+ 51 JL2-/+ 99 cilisSie 5. 6,8 die pH dawnls 06,1 ) cais e
A8y 15 5aal agiatll aay

OY A sl sl a da o die 4882 30 (e ST il ela o (A LS Blxi Y o
Gy Gl gSad) e gaill g gall

Incubation ¢maxill 8.1

Ay O amg LY acas Gl 481 el Jleef 8 4S5 e 2l Al i s ae (il
38 50 58 Lal Lk (ol 3 )1 da jo5 ey JUA W5 Aela 48 3aal 45500 35 e
28 ) 20 die asilly lle Jeaniy dlaci ef | slall e g 8 <l yaill 4381 agle

AL 7 D5 e s

Ly Aol e Y Euny Dlcaall Jala &y gha Il e Jadls pasiill 3 yid (DA
OSars AL shall umatill 5 58 s 8 Laga Y yiiny 5 0 15 e ST Gldal) 8 4l
Llanll asa e Taa (55 pieble] o pe Ailaal) $18 b el 4y (Guha pua g Gl yid 3
assia ) i Stainless steel faall Ji8 juall caliall (e ¢ 5S35 () oy llal g o V)
s (S L gha ) Jani o] il Glilaall Al 8 Anodized aluminum. L)
Gl Aae 30l il ST Gade 5 ) 3all (i) Ll
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Counting and Recording il iy 9 .1
Al ha e o130 A8y ) 4y guaal) GBI A8k 31,9, 1

£lgi) ey 5L Lk e @il jaxiuall amea 23 Poured and Spread plates
—5 da0 die GhkYlLaisd el dlee (Jali kI s o5 cppanill 5 i
i Ja GllaS 5 Il Ul clly Jaad ¥ (Sl g 4el 24 (o 2 5 Y 32 4350 10
Lemiliy ) el () gy (puiand g Aaull (adi (a) aiiaill Control s sall 3LLY)
g U1y 8 (el it 13 il Al 8 paicall 5 il J slaa
Ll

e Jie Lgrde (38 50 S Al 5 Jlarinly 5 L s el AUl Gl jariasall 2o oy
Jlains aall oy Sleall il g3 axe A 45 .Quebec Colony Counter <l sl
Jlaninly 2al) a5 80 5555 3elia¥) Jlantias) ae 2S5 olac Y Alilaa 3 48 gia Al 5 4
DAY 0l alall peale dsm g e i 5 3l A3LE a0 4d 5 ¢ Sl gi5) e

5 sl) 221y gealil) 5yl 5 Ayl 23 131 J g Allaniad

Sl gi gl sl 4y 5 duale aladinly Al (e aan Lo g chanall GLY) (aal s
adds Ml sy Gl 83 jeains 300 — 30 O b panill day sy uny
e gl clll g BLLYI i 3 S a IST o) e 4ulliie i Al

2 5SAll 2 gaall 8 aaall

e Jsaall Al il o il o Jle 2 e S JLiadl oo Y (o alinall 3
iy Sl agle Jemnial) 2al 5 aial) (g e 2 225 8 janinns 30 (e i
b b (sl JlieY) & 3 ¢ LY 13 (300-30) oSl sacldll (e il
e 3y gea Ao aaniil) Jad g oY) cuuatdy aaell pass 8 300- 30 on W axe
.Colony forming unit/ ml (cfu/ml) 4=l (e Jla / &) jexiceall

CFU/mL = colonies counted -

Actual volume of sample in dish, mL
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300 e ST Lkl sf (3ua aal 53 g o yantine 300-30 O e oy (3uda 2al 5 &l 13
300 I oSas be B aanll il (SLa¥) 8 ded) i) Qi 8 Jaxilgsd B paxiius
CFU/ Ml 3 5a e Loa dagill Jaidgo Mef K3 LS daeY) County o panios

S5 L S e dlae | A dlexiinal) Aaliaal) Ciladal) aea (e BLdaY) axd ol 13
e 0.01 pasiosal) aiadl ana HIS13) Diad Cadadll e Lo e a5 (e B 4l
e/ CFU 3_jeniasa (685 833 5 100 (3o Sl 4aisl) i€

“To a3 Y o€ dlacf Aagiill (iS5 Y o peaian 300 e | S GBaall 3 2wl o) 5 13
Ja il 13 Bulall (e %o & < pexisall 223 nUmerous to count” (TNTC)
7)) Golall 3 ) yanivsall a3l Alian () 55 a0 pe 13 (8 Ol paxiasall 223 % [ 10 (e
bl 3e) i axe 8 e el pe bind 5 Gaball e il je 6 L (Baall e ey e
3k ) Zans 65 (Bulall dalise il 131 5 8 aeall el o iay s (50 23] 5 a0y
Gkl Jlenind Ala (820 57 Gaball dalis o il e 23a]) Cainy g ¢ (aala )
Gy g Clas ye 4 223 Pansf G jaxins 10 8 Cpaninna) 30 3 3 Latie Sl

58 Jalall 138 Gulall 8 ) pamiosall Cluad Cuia Jale (8 (a5 Zans 3 Jass il
Al LY Jlaind Ala 8 57 ¢ doala 51 LY Jlediul Al L3 65

¢ Zons (35 paxionn 100 (e ST a3l ()5S 5 Sl aniunalls an e (BLlaY) ()5S Laic
Jlarina) Al 8 Jariiane digall (30 aaa 8 e da e 6500 (0 ST dangitl) Jas
s 3 Aial) (g Jeniad pngr BB e B 50 7500 (30 ST 5 Lala 30 LY
L/ CFU 5 yasiosall ¢ K 53m 55 ) o (o il Jaoty D) Gy

Gkl ol Guall e dla)xidl s Spreader adaw) 5 5 sdiall Gl pexiusall ac 2ic
Jaa e ) ga Lead Gl pariiall () oS5 Aliaa o) dal e Gl jarial) 2 ¢ 3 A

e Al AN YA 8 8as) 95 jariose Ll e 5y gliiall ¢ pantiiuall and

< s Bacterial clump LiSall (pe pand sl (e 4080 WgilS e il 5 & yasiasall
¢ gakall &G) J\;iﬁ\ O satll (ga (J.\ss c_ﬂ_ﬂ\ SLEY) Al & Ualid g J\;z}[\ Led S
QU ¥ mha e s Adladl die sliall (0 ali 5 ) sea o Wi (@) 3 janiosall
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Oe ST ard Lo | S L) Uiy Lgie ddads die 4 gha 1) pead (e Wi ()5 il

O o Aadlia Gl Ll g laa 5 ) glate (568 Al yarfiieall 33 5800 GO pazioneS 223
) M) ) pantiall 2o B pentia yroal il & gl JEYT e et ddluall () 65
33 ydie & peniiaS Il o G Jia ¢ jelaall 8 Caliss

BLbY! 0 5Si Laxie 5 Spreader (Spr) sl (8 ST finae gai o Gaball (5 gial 1)
O b sl (Sl Lo s ¢ Caliall Caasll I J g sl %y o) 45Y Laae (S Y

o S iy iy ol agiarll () 5l &5 sle Al () < seal Control dusa el SLaY)
.Laboratory accident (LA) _»_aill
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Membrane filter method g il dudéidiyh 2.9 .1

S g )Sae s oS 5y Jlaninly el il dple Pl <l jantivaal) 2o
Jile @l pm s Jady 3 0 15 A 10 _aSis 68 Stereoscopic microscope
o bl o puall jame dasiayy Sy Suadll 7 e o da 2 45 A
<13 200 A 20 il elie o @l perivsall AUS Liadl il periiuall
A g yriad A8Lall (pe ST gan ()8 daad S Cannd LSl 5 praa Ol japisall

8 QU yanione (5 sluy 5 JB1 @llia () 5S5 Ladie i yill liie e O janiosall JS e
dianl 5 Qlay j0 10 20 g all (3 Ol jaxiins 10 3 O be i (585 Ladie 5 a jall
Clag e 5 2e aopall 85 erinss 20 ) 10 Glia IS 13 Ll | a0 ye S Jass i) e
Slo Jpaalldinll aan o aniy 5 100 X Lo siall o juiay a0 sall [ Jass sl ol
2000 o ST 22l Sy @ pall (35 penin 20 (e ST ellia S 135 Jle / 22l

A e Ol pariisal) G 8 Clas s Gay sl Lo gie Sy Aipall aas o andy

Computing and Reporting Counts  3lae¥) Jaawdg qluwa 10 . 1

aay g4 Colony —forming units (CFU) & exiuall (p ¢S5 Cilaa 5 = Slasal
S 3 perieal) (sS85 Clas 5 gea Ao dlae V)OS o oI ghaadiidl 5 lall
D e Al g ega 3l g panill 3 ) ja cdayrinall A4 Hhall el 8

CFU/ml, pour plate method, 35° C/48 h, plate count agar.

) Las siall o ol parinall JSH 22 sy «CFU/MI 45555 el LSl dae luad g
e 5 Alqpiusall Aall o gaa o anall (udiy Sula / (gl (i (e ks Jae o3 1
Mb;)\oaca.id.\.kds&&\fﬂum&\

a8l A ki L8 ) A IS0 Ll sa LS (i () (e ) s i) g ) IS 13
sl ) SN 8 0 J a5 e ST OIS 1315 siia (M Jsan 5 e J81 S 1) Gl
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35 Wi 160 I Jsar 155 « 140 iS5 142 iad jiua I 5l (iS5 )

35 58 LS S

Analytical bias jaill Juad | 11 .
Ayl caa JUll g aall 3 jeal Adllss pde calaia ) ade el 8 433 pde (inds
O B Al Jra § smadaivny Y 0dl) 5 Jarall A Cplalad) ol jamiosal) s AulSal axe
g3 (B AT Alan gy sl Aais (55 ll 5 965 2saa A Bakall (udi e (ls)
Ll s Glall Sy agale 9610
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Poured Plate Method 4 suaall (3ldayl 48k 2

Samples and sample preparation 4isll jugaigcliall 1.2

Module 1 @l yalaall (pe (A @& 3l 8 elly J 5l G

Sample dilution 4iall cidds 2 2
3.7. 165 SOLS cadail) Jlan ea

sl &5 of e caaddll jlidl Selecting dilution <isadl JLas) 1.2 . 2
32l S Ladie Sie 300 —30 omle Gehll e ol il K
210 Caudds e Gulall pma (3000 I adi e a5 i 5 il L Sl 18 giall

e 0 Layy 2] L) LY 8 6o 5 olpe e dpdlad dpusilly
2710 s e Jlo 1 5 ddide yall Al e Jle 1 5 el Sl

daine Luals Janinl  Measuring sample volume 4dsllaaa guld 2 . 2 . 2
Llee ol U dualal) ci gl 130 Aala 3 JS e Al a5 Jual) Jail
Vo cuidd JS e Jaill (AT dale Jexial | daina 5 al dalall Jay Jil
afaie el 335 80l Geedl) 8 GLbY) coal ol laAdl) juasy o 58

osali dalall Algs Jrad Y o ghill aial g ccbialall dde (pa Aaling)) dualall

Ul i Y X ¢ claldl dde (e Laas e 5 AY) cilalall 4 8
ST Aalal) easd Y de Caaw die | Caaddil) clals j A ol sl dallll

it i A s o A s Jid 1 2,5 (e

-39 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

Measuring dilutions <\ddasl) i 3.2 .2

g8 Lualy dalall Cajha g da 0 45 () sa 4y 5) 3 dalall Jra) gl o) sl 21 A ie
doalall Juaaly e A oy adall ollae pd ), Cadalill Clala 485 Jals i Guball

z o s g sl e daalall (S5 Al 13 dalall 8 Le 2 A ol el () Gl el
OF Jumiall (ga ad L Golall £ 18 (g0 il AT ¢ Aualall ol Guall lmnda ey e JS
¢dle 1 w8 die | Bie e Lo Lo JI5Y adlly (88 50 Lol iy g (ol dadad dualally (5550
D o (5 Aalall g5 Jle 51 Lete zodg (s Aualall (ge il Asidall diall g2
Adlial 38 ainall 3alall 8 Ledidas o disall (e couial) aaal) jm gy L (5 AT S e (aball
Claiadl) (ye Aludes Jantiosd Laall (0 e 51 e JB Jlaaial 5 3 aiall ¢ 5 4y

das J @l Gl e gl Se BBV o pema | Bl Aall (e e |1 i Y
L oaas G hala) 5 Al i (3L Y) A Lete Cadaill gl Aiall aua g aay Jasione
GLbY) 3 ) s Goball (B Aial) pmy (L4882 20 (e ST e o o Y

Al e

Plating Gkl s, 3,2
Melting medium 4l 4a.1.3.2

hra Ul bl Has e ol i el L jathy Adiaal) dlial) A3l jeial

3 geall i) A yall 3 ) jall AL gha saal A3nll (5 5 g il my yaill it ol e
AAJJS"J}A}(AJLAM‘ c\);\ﬁ‘)jmésu\)@aea\d\ M\aﬁumy L0l
sl g Gle G simg Al gaidl Ja¥l e paliny s il jleaiy]

(Jania) Sy adysiada )2 46 — 44 die e ples (83 jaiall A0l Jadas
b esa i g AT Ul (s clelu B e SIS plaall (8 Laiall 530 355 Y of Juaiis
S jleail die o) gu Al L (e e il 5 ) all Cila o (il fBY) (a ge 5 sl

o die Sl g Auaiall Ll Bl o Aa 53 A pedd aellly Gula) e aaiad Y Ledada

oy

- 40 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

ot Wls S5 LS Plate count agar, R2A agar, or NWRI agar (e sl dexiiad
Letlio (sae il Al e yaa lad Jleatial J8.2.1.7.1

Pouring plates @ub¥ a2 .3 .2

10 Jiaiigd8ds 20 (e ST e Y Cusy GLRY) 8 a1 Glial) d3e (e 2a
5_gaiall L) e Jle 12 — 10 O be s, BLbY) Caa g Al Caubds (g Le il
s A ) (ol et il (Baka JS (340500 46 — 44 O e A )2 die A sdadll
Sl Gadall glae Jalo ol dand)l (550 z A Al Jalus aial s | 48 Al Caay
s Ledia ¢ Alall alaall 3 A% gdaall 3501 ol (55l (g Al rm e 5 aal

8 gaial | Aiull Bala) 3ad JS cua pay . caall J Gl da b G Ada sl pala
I Gaball s Gaall Adls (568 Aiall e Al o) e 3 3 5 Galall B Al e
Claid Goball & i . anSe ydelull Clie pead Lol Cpadl g alall s 2l
Alaall gy 3Ll Qb Lol ey 5 (B32 10 JD8)

Sterility controls afaill dma e 3.3 .2

B Cilial) e Al JSV dpma e (Bllal Camy (ol olia g Ainll aial anl
A8 5al) o) ga g ccilialall ¢ (3LIaSU Al G gl sl Adlial il ya

Incubation (maaill 4.2
R AN g Glual) (Jaawdl) caadl 5, 2

Counting, recording, computing, and reporting
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Spread Plate (k¥ o k) ajill) Glba¥) o il 48y 0 3
Method

Laboratory apparatus 4slesal) 33¢a¥) . 1.3
Glass rods 4alajolusd  1.1.3

45 Zo5) 3 b ae 200 Jsbigae 4 ki Polished 4 sias duals § ol
Jlenins¥) U8 Lgaic ol jlaY) aal (e 2 40 22y (e da )

Pipet <lala . 2 . 1.3

Glalddl et Y Rounded tip i b odh 1 daals ) Gliale Jeil
AUl

Incubator or drying oven wisdal ¢y 8 gi dibas 3.1 . 3

Fischer Scientific, hand operated, No 08-758 or Lab-Line,
motor driven, No. 1580, or equivalent.

Media «<lsdl . 2.3

7 33l 45 28 wie Guaaill lgle Jasty mili Juadl (8 R2A 4y Cilexial 13)
2l 7 3340 4 gie da 53 20 aie &l Guasills (NWRI 4w Clexdia 13) 5 ¢aL]

Preparation of plates kb¥) j¢23.3 .3

¢ 15X 90 sl 15X 100  Aaire (s yi Slabal 8 4o s yall Ll (3 Jla 15 Cuay
Al M Bl oS Gl A slarall Ay liall LT | aleatl Jla¥) @
(Dsaal s i) SN lasl) ol 3 — 2 Jall) JDs
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HETEROTAROPHIC PLATE COUNT (9215)/Spread Plate Mathod -39
5 —
a b
g
w3
]
=2
b
2 =2
1
1 L 1 - 1 1 L S—
| o s 10 1s 20 25 30 as 40
| Time, h
Figure 9215:2. Drying weight loss of 15-ml. agar plates stored separately, inverted with lds on. Source: Unpublished data, Water Purification Lab,, Chicag:
Dep. Water.
|
5
a
w5
o
o
=
=
| 2 o
i
! < ids of f
| 1 - 1/2 lids of f
| & edge, lids off
I O MNear outside odge, 1/2 lida of f
| A  Random placement. lids of f
ol T T o 1
o 20 40 60 80 100 120
Time, h
FC relative Figure 9215:3, Weight loss of 25-ml. agar plates (100 x 15 mm) dried separately in a laminar-flow hood at room temperature (24 to 2¢
humidity (30 to 33%), and air velocity 0.6 m/s. Source: Unpublished data. Alberta i Centre, Vegreville, Alta,

Tagig 9215:L. Brerct oF TeMprraTURE OF DRYING on WEIGHT Loss OF [5-viL Agar Prates SToReD SeaRATELY*

Time for Plates to Lose 1 1o 4 g of Water
(Av. for § Plates)
h

Plates Inverted Plates Inverted
with Lids On with Lids Removed

Temp.
C I 24 3g dy Iy 1 3y 4y

U 2 o4 % 125 37 10 (03 140
ki 17 3 3l 6 {7 35 53 10
30 b 12 18 U 07 13 19 27
60 4 § 12 16 - - - -

* Referenced in Canada Centre for Inland Waters Manual, Burlington, Ont.
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Sl bl (8 (e gl L3 ol Leliat Ciie ) ) 5 Caudail) A5Lu GLlaY) Jariul
O (o Alexinaall 5 Cadatl) ASle LB Al digeda a4 e Gl ASas
ia 2 xie Laminar flow oY) 4S8 Caiag 5 Gulall 8 sl Jle 25 G <o il
el 3238 o Jpanll cUarll ad ) an (452 8z 50 26 — 24) 48215 ) s

Procedure 4i )kl 4 .3
Sl Adlis 2 gl A (e o LeS Aial) ClaiaS juas

zlas aniad el | Cadatl) Bl V) Gkl mlaw e el e Jle 5 - |1 o
sacld o ol Lsay Bakall 5l el 5 (ol ehas o ) e 40aSll & 5 calina Jinia
Cpaaill Jid alaia¥) il (gadall g2 5 ) 50

Incubation ¢wasill 5.3

oA cloal) (el caall | 6 3

Counting, Recording, Computing, and Reporting
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Membrane Filter Method g ill dudef 48y 4k 4

Laboratory Apparatus 4l <iga¥) 1, 4

A Sl gall (e AR ) ga (e S 5 g AT ) gl Al g el <l gl Janial

Sample bottles <lisdlclala;.1.1.4
QC/QA IS aal,
Dilution bottles <diill clalaj. 2.1, 4
QC/ QA & Sk aal
Pipets and graduated cylinders gl Juddly clalall, 3.1 . 4

orladl S e A8y sl (3l ) el J8 QC/QA Sk gl
Leile: oSl ainil) 2ay 55 ) jall o glie ) S (355 5l asaia sl (35 Jlariady
Containers of culture medium g3 &w cises . 4.1 .4

OSUs ana (sl IS (ol Jlantind (S S gy sall s ) (g (3150 Jamtiad
el ol casaie sl (350 Ankasil) aa (sinnall eUardl culd Ak 5 Al (3 ) sall
O oAl daulie 5 Lale 4 iaall Al LAl a5 280
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Culture dishes g3 @kl . 5.1 .4

(e 15X 60 Aainn it Lkl ol IS5 ) sll £ 53 (e dala ) Ll Jastind

ool 35 A Aala N GLLY) e calie 23e (il ulia AT aas 5l (ae 9X 50

OIS 5 Y1 (B aedl) e (5 8 ) S G5 ) eilad) G 8 aal (Riaea e 1)

Aadad 4y aSaa Uil (3 Dl o) dpala ) il o) guaslal) AeSa puall GLRY) (pas

el Al (355 5l (ilad

il b il k) Ay (gl Adailaally g3l Ay Cilea ) a5 Al 4 sha )l JA

et g aSaall ¢lUaallld agiedll Al Sliudl) Bk, < jeriual | selal gl

Jlexin¥) 5 piitia s Ly jlad 5l gie Al Clical galls

Seriasi ol Al Aainall eliindl) Bllay) e 4 sisall dlindll QS Gle day
Filtration units g il claag . 6.1 .4

A b G b el sall cabaill AN AiuSll erla 3l e il las

Ol e el | Apphaline 356 5l dludie Aan g 320 ld e iy aad (o S i
JS) sy s Ll G i) Jlaind (5 il Sl e madi il oLt puin s s

GAI 13 S aadll | gl Aulee A LN O (e 5yl dilladl

iy e84y jedai (Al 5 Al oala ) aadll 5 deiin JAAl) (e ddpanll i saadl
Juaria¥l (0 DAY 58

ele casiagl 35 o (81 S) (58 Gy b (sl o sl leasen ) Ban sl
Gl = sland) IS iy oSy daaS s L Jlentina¥) iy 1 G035 SIS 53 5Y)
O s el sale Y o Jlaaia¥) J8 iy g lida saed duadly (5 58l) 4O Leandats
Led) A (e Lgaiad Sy Jaad) (8 axaid Al Cilas gl 5 ill Glidlae JS
JE Al 5 ) pm Aa 5o (a5 o tay elo (8l iy 5l it D ay 5 J a8y
ol KA Clas gl e aldil) Ky, AU o) 52 Jeis ¥ Jlaxina)
Baal 55 yal aadii sale LY Jaall b aadiing

- 46 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

U Jatind Al A s Al o 1 (LR 5) zesd 5 3 Baa sl Jha g i il
ol Pressure differential (kPa) 8 s Cusy g Alliie & je 6 — 3 zendh s
i Aalla Jleriuly g o i by 353l Joa |l jill clie e 51 — 34
b A i &l A g s Water pump bl ssiia e Jasi dalls ol dily 1S
Pressure Das A A s A Jlasiad (S s gD adaidd ) el
el il (3 90 G paall iy ASWM Jua | 207 — 138 538 differential(kPa)
el lall BanaeS gy @il juaa g

Membrane filter il elde (7 .1 .4

Crn) LS IS )5 g0 piad s I3 (QC/QA 583 gl ) el i At | Janiiad
4 saaaall g ol HadY Cimad ) e Y1 Jasial (L Jaa a) GG W de i
(Jlariaa¥) 3 4l 5 clgie) ) ) aly ) SN JS o el e piadl (e cilaled
Sl i il J oS of oSadl) G 5 LpaDatnl (K I Sl el g 1S
-/+) Al pH (e Lisiea g8 V5 (B8 5) daalie b yide ju lgie i ¢ L S
dgea ye dpie b A e 5 el ) dsanall il periisall dlaed 83303V 5 ¢ (3ans 2
L) sad Jagdii ) il Cani W o shadll 33l 0 JaaY 5 Ja shads danie dnie | Jariia)
Lsie ] Jlerivl Juady Gaasil) ae dpalidd) ) e oliad) aia g die (aal) uis e )
Bl adi e s O e Y Ol e Al )y laaal 1305 adall das
ole 3aal Blaiu¥) e el 058 il ald Ml 5 4 (0 ST G533 Y 5, 4 sk )l
oal Al e i sl dsan Lgie ity Y auball Al g o 5S5 aabtill Al 2 V) Jaally
Ay 4ild Jasall (8 2y aiall IS 1) 5 (miiall (e Balgd) Apie S dgapall ol dlaa )l
de yun JAU i adiail 3y Al 3,38 10 Baal s Ay e 121 e IS iV B
A o A CESH (e aall

Absorbent pads 4alall clsbugll 8.1 . 4
QC/QA 3_8% aal
Forceps &l . 9.1 .4

QC/3_8% aal
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Microscope and light source 3sba¥) jiaa g gy Seall 10 .1 .4
QC/ 3 8% aal
Media «liall 2 .4

NWRI agar sl R2A &l i m-HPC agar 4w Jaxiu)

Preparation of plates @ub¥) jxai. 3 . 4
da o e 2aatil e ji L ae 9 X 50 (s Blibal & Al i) e Je 5 ¢

b oSaa sle 5 ol il (ST 3 4 slie 0 335 Ly y B emnal) GLY) A8 3l 5 ) s
_Q\.c}}u\ laliad) 304l AAM\
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Sample size 4l aas 4, 4

Lo ade miy ol Al aaa JUAS Aiall dae 5 o (alidg dand i ol (53] Aiall aaa
Anwea cLiall e Colony forming units 3 _eaiwell (5 sS85 Cilas 5 200 — 20 o

Procedure 4& k! 5 . 4

O3S 45 Hhis Pores Sy as 47 hads aiae clie JNA ulial) aaall =i
ela (e lliie il 3o 3 JW 30 =20 J\ﬁ@@ﬂ\dﬂﬁ\,gﬁm‘hﬁﬁéﬂ
ol GBS A e sliall pun daall Cagal)

Incubation (waxill 6.4
35 e (s, Al 4 s dda s Lg cliin @ (STl A (5 500m 8 3Lk aca
28 20 vic sM-HPC i Jlexiod Alla Lddcls 48 5aaddusiadan 52 -/+
R2A agar or NWRI agar g Jlariad Al 8241 7 — 5 3ad 4y gia da o

#JM‘J c&,ﬂ.uﬂ‘ cdg@.uﬂ‘ c.\ﬂ‘ . 7 . 4
Counting, Recording, Computing, and Reporting
AN 5 ) geall e daill Jasis 10 .1 59 . 1 2l )

CFU/ml., membrane filter method, time, medium.
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Direct Total Microbial Count <l g Saall sdilbaal) ASH 221) 5

Introduction 4sdie 1.5

Nac Y (358 sale AL culalaal) ol slaall & dledl L i<W LA ae
Uatll ) Al g (5L YL A g i g iall Ly S de (e Lgile: Jeanial)

« gaill A4 Selectivity ¢WBY) Jia 4 gally Adlatiadll jal bl e cundall
il Jara G eladl s Clumbing WA aaas

Epifluorescence Microscopic Method . 2 . 5
General Discussion 4sle 4ddla 1.2 .5

Aouluny s (4882 30 — 20 ) 4o yon SN 22all j3Le 20 aei 48y Hhall 028
el ol el Gulaad e Ly S LA (g 48 0L ransi ¥ o8
Microbial s el A< a8l Lellaatiod Sy Vg g el gaall ol ¢ 31321
88 a ) ZUasdsy Hhall LAY aas 83 5K U8R biomass
SN el e Canal 5115 A 5 Saal) LA G Le 48 i) adaiany (530)

Fluorochrome 4aua; fuall ¢ jaill Al Cods (e 43y Hlall S i

Nonfluorescing <lis S (A5 elie o g il 70l il
Epifluorescence 4w 52 221l 5 <polycarbonate membrane
.microscopic

Apparatus 3% .2.2.5
Microscope <sSwgsSx.1.2.2.5

Bl 100 X ) e ¢ s Jing oul ) Aanndty (3580 4283 jaias
JY) e 1000 X 4dS jaSis g
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Counting graticule =lldie 2.2 .2,

z a2 4a )X ocular lens micrometer 4 i s S dpie due
Calibrated with stage micrometer. S Fie s S

KP 400 ) Excitation filters 3,0l y3é Joiii g Filters <lasdipe, 3.2 .2,
ks jlis; Beam splitter( LP 510) 4= ,kli¢ (and LP 455
Barrier filter

(LP 520 using mercury lamp, HBO 50).

Blender or vortex mixer o«Sisé jga sibda 4.2 2.

N

b i 5 Aiely et 4uulia Filtration unit gedisisaay . 5.2 .
a4 25

25 ki s S Jsll g 55 00 Membrane filters ged 4l 6.2 .2,

S sl Nonfluorescent @ sis e (5S) G5 Sw 2 @il Hhd can

B2l [l (yaals 062 (e i/ ol a2 ] Irgalan black (8 eliall e

ohdcae 25 Lkl syl glu e (Ll b s elall (8 Jusry s c Aol 24
O35 5 gl

2 M Lple S g Ldleatind dly Y Jle 3 Syringes <l 7 .2 .2 .
Ll Laladind alay V5 (5 Sae

13 Loy dE cUaasdala ) Test tubes Jddl el . 8 .2 .2 .5
.~ 125X
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Reagents «dlisli o gy 3.5

s> 13,6 < Phosphate buffer —ableciliugdglan . 1 .3 .5
zedyieliie DA b, ¢ pH 7 2 apal 1 Cads g ele 8 KHLPO,
O3S 2

phiie Clin b Jslae (& il il (aaa/0)s) % 5 Fixative <. 2.3.5

b s e S) (05 fasx ) % ,1 FDIuorochrome asSust8 . 3.3 .5
,alaie Sl g8 Jslaa

Immersion oil, low fluorescing @& sill paddia 4l dwsli ey 4.3 .5

Procedure 4& )kl 4 .5

Al e Jle 1 Ale 4y gine i) &y gl N aial) (g0 Jle 9 Caual | ilipall aal
LAY dlae ] (8 (5 sina (el () s alad 3 i 4 sie 4 die Ly AT (S 4dial)

. @ e J sasll mesotrophic or eutrophic  ibas (e cilise Cadd g 3y
Clige | alaie Cilingd Jslaa 8 10/1 <aia g ¢S sh ol LA Jleriulygiue Ll
Lay (Al 100 o 0ST) 3l o saall (15 ot ) 2 lad Y Lag ) 48000 olaal)

Agiia slael e Jpasll L) #liag

e sie e Qb S o mdise e Lo caiad sl diall e dle 1w

Filter * Cellulosic membrane filter ) # salw ¢l ac2a nonfluorescent
OUidy Hhatilg ag SHl e 1 Caal ddadju Je S5 i Jleainly | holder
LA ST a5 g oLl e jall Cilinn i) (e plaie Jglae Jle 3 (Al sa ol
s Caal (Je il a5 8 a5l (A Aal) pa a5 Skl ala) (as
i sl e Jle 2 Jlerins Jue) | (kPa 13 s ) &gl =5 Filter holder
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el (S A3 3 — 1 3] Ll 5 b g ey il g S Y sl i pe 1 i) 5 alaial
Immersion <l (e ddais o Cainall jilall auza a3 130 Jaday g o) 30l 4 A ilal)
A oy ey 31 (el (e 3 i Al Caual ARl S5 S0e dag i e ol

o sll 288 ()50 ) s oy Adall (5 385 Sy .Cover  Aag i ellazy jilil) lat Cabaly

.Fluoresence

1) 100 X 4 duste Jleninly il e 5 58 400 gde <¥ae 10 JAY) e yaal
SR 50 —10 = deady (- Dlghallagle gAiall caid alatia LA a5 63 oSSl
Aanie dyipe dusae Jlerinly s JYI e a 30 20 2 WAL 2 )

Calculations «llwall 5.5
il e U slac Y das gial) sl

pan (sl das) X (ag 30) X (gl LA o sia) =L/ LA 320
e
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Cllil) Sucad))

olaall dadlw il Ay g Sal) i glil) CBLES afadiini)

4adia | ]

1855 ale die (5 ,aY) cilaladiud s o il sbaall Ladla i ) dalall < el

A )l ol ldlaally elpall gl 5 1 5l o<1 g 2 g8il) can (Sl seda (o day ) o5 Lanie
e el alall daiall Lals (g0 A giie olaall Lo 5 of 28115 (Moore, 1974)
Ay o CdSIl Ay jow 5l (a5 A i et Adaguy (3 )k ala) (55 _nall
e ol i paall o e Y1 (8 3T 135 g5l gl Waas 53 Jai el iy g jSaall
laas) 55 Sl s o et lle 558 ) g b Lty ) Lgtie ] ) ) ol Lee il Jeud)
Lo 5 3 g T g of LaS Lgie Cad€ll Jygha g M) Aalall olly Y Gaal ol
il g Saall aladiiy s O (Sl e Gl 40y Gl UK LailE Lgra Jalacil) o L]
a5 il 3k skl cpada ey e cpdll sl Al e iST g
Gl Y o il Lale a3 el ol cale 130 uay (s Al 4l cluils
Jalall 5 LSl o ggdall 138 Japsy () 5 sbuall 8 dpuza yall LK) 2 53 Jlaial
mlaall gy g el 8 Y15 1892 ale Jaol “Indicator organism” s Sl
ol 4 5 Sl

“Opportunistic diseases” 4 ki) (al el <X 54 g0 4L 5 Vs lia JIY
<=8l G “Water-borne microorganisms” sbudl (e 3l gie Sl 5 Sue (e 4080
Cle 5 pdban LI al g Andlaall (8 daaiie Gl 5l 53S0 paadind Al 5 deiial)
(EPA, ) dakali diiay il g pudll ol 4 eV LSl il i Y (5 )Saall aLisl)
Bellamy et al., “Giardia lamblia” L _jbal) Jie 4lilall <l 31 <l 1986
Sterling, ) “Cryptosporidium” s sew 53 )<151985 and  Lin,1985
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Jin s AY) obaall Ao 53 pailiad 5 pedaill aglia ST o oy Sl 5 (1987
REERYA ([P UV DA, UV bt O 0 PP LA

"Indicator Organisms” 4w s Sxall oY) gf cildlasy 2

S I

Jil o GlaS S JYA e dasall il genll asf ol cdiaall ¢l i)
. (Dutka, 1975) uaibas ae Jalall lld & ) 653 () & 3L 43 “Indicator”

A gl A ) SISH o poadll l pemall sy e s Al Abay i ol 3L @

Dl paall (pe ST dlachaal B ol asl e

(e ST J ey diay g Aadial) Al &l igall daslia ST oSE gl ang o
il jaall

Al B ASHY Gl e

ISl Cayiaai y el «SSH ALy 5 ledde Jgmy ddana 3ok al 5B o ny @
e A ) st 4 gaall il el 0 Cag yrall (e ol sl CBLESS araiiuall
Jedii s Enterobacteriaceae “lile () o« Lo | 8 5 4y saall (il jaY)
(Yarsinia Lis W « (Shigella )>isxill ¢(Salmonella) Sk salbod)
«(Klebsiella pneumoniae) kISl centerocolitica )
E.coli) s sill datiall (5 £ Ly udal 5 (Enterobacter) Sk s i)
.(enteropathogenic

\ﬂéﬁﬁbo@ﬂ\&@ﬂ\wu\}]u&ﬁ\éh&j

Krieg, )(Campylobacter jejuni)_iSbshuSs (Vibrio cholerae)
45 glall olyall (30 5k e i SN o2 (je Auiiall () aY) (1984
058 Sy L A aall il 03 e (g AT il gl sl L) e 4 3l 3 sa
il jeall 2l 55 4lSa) e JiS s e Jgre Jils IS de gana f (1S
ranl) gl peaill s g e 058 O ang Q) 8 colall jrma 4 gall
G Aalall | da jall 4y )l lalaall (&l paiuls da) s s (5 ) 2 sdan e
O Y Jlerial (M) Gl il 5 SN Lo J se g Aagn 43 5k
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Gkl A bl saaadd) Al de Jatin Al LKl Gle gana
L ¢ (Coliform) — 4si ol 58l b3Sl Jadis & gl e J3VaS daadil)
A sl b <5 (Fecal streptococci , Enterococci) 4wl sl dussl)
i B ) o m i £ Jie “Sulfite Reducing Bacteria” <y »<Ul

.(Clostridium perfringens)

Qs o Jlas oslsll iy . 3
dadda 1 .3

& Lalle aal gy by < (e s (T.Escherich)  (iosdsl (aii€) <1885 ale B
LS Jasi i le |, (S Alle AA0S5 dadd aa) 555 Y L i 038 4nedY) A 51l o sall
pl Ui il Lgalas) Al G Sl ells culac ) 5 (Salmonella typhi) 4seasl) 4 548

Y S Ludy

de sana o )l o yras s 3 A5 L(Escherich, 1885) Escherichia coli
.(coli-aerogenes) i sl S LSy ol o515l L i

lemaa 5 «(Enterobacteriaceae) (s 5Sb g il gile ) Luandl o335 ¢ 6l 58l L 5S
Lal Al ((non-spore-forming) Al s 058 Y (KA 4 peac LA L i
Ldy niil (genera) crlial I i Aad) o8 (e Baana b 50 2
ASLssnls (Klebsiella)  SwwS ¢(Citrobacter) S s sis «(Escherichia(’
sl (Bile salts) ¢ _sall #3l 2525 3 saill e 338l Lol Leasas 5 (Enterobacter)
wedd e 3508 a5 ((Surface active agents (s>l Ll i3 o) gall (e sy
(Aldehyde) waally 5l 5 padla U ae iy sia da 0 37 5 35 xie 5800 Su

.(Cytochrome-oxidase) e.sS simall S gall oy 533U 40l GlIXS 4e s 48-24 DA

LS el e o o gl U S dnallad) daal) dadaic Caaas ailadll sda e lalaic)
Zl 25n 5 (A saill o 350 ol ja Arnal Al adl a5 5SIY (JSEN & e
385 &g S il 5l a3 Alla g adadd) Jalind) il 3 gall e la g2 ol ¢l siall
IS aaally Jle aala U aadygiada 1337 o 35 vie 5O o piadd e
(WHO,1985) 4cL. 48-24
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L i€ el gl anl iy Laila Jai 5 Y Aad) (515 g iS5 a0 A4S e senS
5SLs i «(Klebsiella) Sl s 55 g Lt T (S8l yall 51 )
sl Ge ol (A5 63 daal (e il Al SIS s e 5 (Citrobacter)
ual s Ly sbad ol Wt A daal e SRS 5l e L S o
Ly dlael mlaasy o DU < gl of (McFeters et al., 1974) aas suolue e
Ua SAele 7,2 56 byl el cumids) i del 17 &l Caaill LI ¢ 5l 68l
Vibrio ) 1,480 5 (Salmonella typhi) Sk sellull (e IS 8 dliaa A yall <4
Gl @l Qe e S 518l Ly S Allad ] il o3 (cholera
& sl sl LSy e (8 s jee e L i YA (e e & jela g A all
53k salliadl 2a) 55 e Aatie Al s SV el Lehe las Auaidic alae aa)
Salmonella typhimurium, Shigella flexneri and Shigella (. bl
AL Sl Laaal 5 sl 0l sl L3S aal 8 ade s sliall 3 (Heidelberg

(Dutka,1975; Boring et al.,1971; Muller,1964 and Seligman&

Reitler,1965).

Gans Lo e (ooiali gl jdiall Ay g1 L) (g 350l VT Vo2 () (g a2 Ll e
Ve sl LS e of il Sl (McFeters et al., 1974) Aaul 52 0,83
el aaal) AT a 038 Caval g Cuaadiind ) A5y ylal)

Cua Y pad Y Jadal o Total coliform 2 ¢l b 5 de sana Y
2¢1 Js&) Escherichia coli ¥ S Ly pil e Gl 651 ¢ jall e Jaiids
ey LS slaall pelaill Ailae alail pae e JaS 24 () o1 o8l) L s de sana 293 g5 (
Gy el sl ciliial gal QLIS A () ) S A gana A S8l

5y shaial) Jgall alaea 5 sasiall
DL 466 46 e S 5all e Sle zWI Eijkman oledg) 7 58 1904 ble S
e waall (Eijkman, 1904) Fecal coliform sl daa¥) culd ¢ sl sl Ly 5l
Go e i o b (S AN (g1l e gana I i 5 L S35 Al (il Y)
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el Wl 550G 55 slall Jasiad 5 JUEA ag pae Jpaad aaa ol e 5, 558 lal)
3 ) s A o Jleaials Ll HLSaY) 3 Jaowt L) Chas 28l Ao gaaal) (e (531l ¢ 3all
il 84556445

8l pall A glaall () ol g8l Ly 1S5 dliae Ay )yl (ol 8l Ly ST J il iy yail) ¢ sl
o8 Lgale Jaidi Al G Sl 4 610 44.5 die e g (aals 7l aa saill e 3 500l
.Escherichia coli, Citrobacter freundii, and Klebsirlla L 2 sou de sanll
A0S0 5 4 51, o 51930 b i Jais Enterobacteriaceae dbile of e pnemonia
olaall alaze il 50y (2 JSE) (sl L JiSH de penn () (i Y e 3o e 5500
A sl b S aae e addad dpxlall

.Escherichia coli =~ s ¢l sl s Glas¥) cldlie (ge 59l Elill e Qs Juadl
= %100 — 90 o= W Escherichia coli Jiai o s gl s Gl 315 o) an 5 2318
%59 ) Sewage = (aall pall 8 niad Laiy e ol sl b S (e o s
(alSl A ia eilis Ay (3 253 ol i iy )L (WHO, 1985)
Lty Aandl i LEAY) el 1086 ple iy L 6 5S L judhl ity chsa
Al il gall 5 Ble b e AL gl @l LAAY) e adias Al 5 5V S
aleniu¥) 5 0 3iill slae dae g3 il jlial of e Escherichia coli ax e lalaic)
DLaY L ge 4y 310 o o168l S JS of da@all e adixd Recreational water
S5 A 51 ) ol gl Ly S0 ety rand 44 Hhall 28 Eschericia coli lae L w sl
e Sy dnaa jlaal L (Dufour et al., 1985) Jmosll lexs sl Jlexiadl
e s S sla-lin s 531 251 e ELcoli Y3 (e 9697 5 e

9 S sl e (g3 Jama s g S sl 585 Al Jlay 5315 B-glucuronidase

-l i) e 4 Jis Glucuronosyl-o-bond of glucuronide conjugares
alle 45 .4-methyl-umbelliferyl-B-D-glucuronide (MUG) a5 S sla-Lila
Escherichia coli ¥ sS Wi il o) 223 Enterobacteriaceae (s ik s isy!
Feng and Hartman, ) Salmonella 3t slldl 5 Shigella | sl (e

~ Y i (Petzel and Hartman, 1985) Yersinia L Ll o Juldll 5 (1982
L) ey (e oSl el Laa ) i ¢y 3390 138 £l Gulad e g 4l sl
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(Feng & Hartman, 1982 ; Petzel &Hartman, 1985; Eschericia coli V.S
Freier &Hartman, 1987)

E\'AULJSQTJl_,ﬁc_‘ﬁ\séhs}goig__z;,gdY\&cw\)ﬁﬁéﬁmaﬁ@j\&
ASaill (5 ylay ol Y1 ) allaty Alled il e J sanlly dises 3 s0a A Jeriiasd
. QC/QA & 83 A la 83 G All s e 53 (A

Osl ol LS Ao gana palll Jlaial) sall i Sasaiall jedill caulil A8y b 2 . 3

Multiple Tube Fermentation or Most Probable Number Technique
for Determination of Coliform Group

Replicate tubes <Yl <l ) S sl il ()l 43 Hlall s28 Jlaxin ic
Most Probable Number (MPN) Ylaial JSY) aaall 5 ) gea Ao Jas cilagall
s gial) Al

s s sall) Ly Sl ABUS Jas sial ol L 8 g eV laia W) Ay 5k e daiey caasdl 12
s AY) e gladl) Gans g e Jeantiall (o o g8ll Ly 538 A80S 5 Al 3 (Lo
Aallad 0l (3 5k Juadly day ¢ anall sl gl el PA (4 Lo Jeanial)
olall jaaddaall de gl 5 dalladll

oo lede Jiany il slaall Juzadl 5 Alarioadl ol 22e e adiad jlad) (< 38
LS ol L iany (B Jle il Cuny CanlY) (s 3 Al (g0 pan ST Jlastin
SV IS (8 Sle peday W i) (ia (b Jertion 43l (o pas jaal O (o
o8 Ao sall b1 aae Jlaaiols Jsoa e sl Aalaa (pa o83 Ly i) A3 g adana
Al da Hy oS s Al Sample portions Al il ja dae Baaeial) Cldadl)
Assumption of Osw s a)si oal 8 Je adiad sVl sl Jglaa g aagill 8
A4y Al A A 13 e elld e 5 (S s5adl LESSYY) @ poisson distribution
22a) A 8 ¢ L S LA e laaad Caaa g 13 f Leia <l el A4 U8 dadia
LSl 4 g aal) AN (e Bagmy O oS MiaY]
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Water of Drinking Water Quality <<l sl de ¢ caslaall 1.2 . 3

BUS 5 \ginnin s (3 Clbal gall aa (3Lt e il il 131 La il ) alaa Julad aie
o) e 5 edle 10 (e (s5inis ) Se anlil 10 Jerion ¢ 3,83 sa¥) Aiall Ales
sba AN e 5 Al o Jle 100 (s sindi3aa) s dala ) 5l dle 20 e (s siad il
sl asas e sai aad Al clala 3l i) JS e oSl HLaal) (s g ol
Completed  JalSI JLEaY) somas . e ol Giasla (oSl dlagl Aol 3 5a 5 020
EC broth dsgis jiiady, jeed 3 JS A gl Gliall (109 10 e J& Y W e test

Al Laadl dlan¥) dsll JaS A4 ¥ EC MUG

S ¢y o)) S JLESY (e Cangll (8 alall oyl ol ylemal il LA
G a5l AU A QS g dldaaall 8 o5 ) Aallaall e 30lS s ga
e a8 sl LS 5 o a5l 5T Sy s) e asian
LS sl salatiuly Jasi je STy ) il ol Asdladl) il Jasi e e 055 L
aa) 55l iy Gauaal) Gl gaill ¢ ol g8 Ly S dalaial G Le 48,40 4 gaal
<l 1391 an Gl ol L

) olse WA s AV oLl 2.2 .3

Gadyy e Aliie ity CulaY) (e Al Ging Gl olae COVA slall LA
DLV (o m Aldiaall o o168l L S A4S e lalddel(..... ,01 5,1 51 510 ) ol
Carglly |, oamge bl e doa gl il e JBY) e 0510 e Sl s JulKU
& Sl jaian i o g Sl G N AR LA s o il ol CaDA sl LA (e
e S 2ae aal LSl Survival  Ases s ) bl oball die i ol 1Y)

Gilial) (pe 230 (AL dau gial) Aad (18 e gae 5, Alias 2l e J gasl] Gl

LA G AL (e CBNEAY) i Leh ()5S Al ey

AV aliall 3.2.3

Sl adiie Jlae (5o pan i 35 i e iy Auloall 4 5f Lall o) pall sl Ala
3l (4480l 844 8000 ) dumddia de yun A Jlexiuly Llall 215 06,1 ¢ siall el
i sy Y s Ao s AUl claddsl) Jee b 4leg 48802 — 1
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A & ol g8 L G il A ) yedcal) 48y yhal) | 4

Standard Total Coliform Fermentation Technique

Presumptive Phase 4xal i@y s yall 1, 4

Csaaxilall a1 LAY Al 58 Als yall 8 Lauryl tryptose broth 4w Jasiul
(3.1}3-020) M)ﬂ\'&)\_);:\;_)décdﬂ‘e.\sd\j M\Madﬂw\wﬁh\
LaadS gl cileldd o) gai L el Al Y (e alddhy | Jlaaind) Ji 5 Jalll JDA

TosRAdusl Gpedinauss 1,014

Tryptone ..o 20 ¢
Lactose .o 5 g
Dipotassxium hydrogen phosphate ...... .... 2.715 ¢
Potassium dihydrogen phosphate .......... 2.715 g
Sodiumchloride ... Lo 5 ¢
Sodium lauryl sulphate ......................... 01l g
Reagent-grade water ................cooveennes 1 L

20,2 <[+ 6,8 058 Ol ex pH oL G daus Jalal g sl il sSall Caal
oo [ & il Ay il S (95805 el ol (8 S CliaSy Al £ 5 agindl] S8 el
daal Qa5 agiail) 2xy JEY) o WUl ol 4 W) Caial sy Al s (5S35 4 glia
CadSl Al W oy Js S sa0e e A/ alsa |01 il 5 la 52 &gl g
ra sllary 4y i) Jlaad g SLSAY) 138 dnlagl Ao Jalo ey (o3 g dia gas 2l e
3ol o lie (Sl S
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A el l-sladl L5 S

S le Jle 10 s ¢ Jle 20 ¢l 100 dibaal i Y Cuny 38 i Jayll) s

Al b Sa
9221:1. PreparaTioN OF Laury:. TRYPTOSE BROTH
Dehydrated Laury!
Amount of Volume of Tryptose Broth
Inoculum Medium in Tube Medium + Inoculum Required
L mL ml gL
1 10 or more 11 ot more 34
10 10 0 712
10 0 30 534
A 10 0 106.8
100 50 150 1068
100 3 13 1371
100 0 120 238
Aa k) 2.1.4

Aal) paa 5 Casheall dae il Jala (3 ilil 10 51 5 (e Casha 8 il i
IS Ll e el 3al B Jeniad Gl olaad 3 siaall sbaall ailiad g de i o adiag

Gl 8 dlexiin puall oball g (Je 100 82a)sdala )y 5 «dle 10 JS 10 «Jke 20
(W ol e 1«1 ¢10) adas IS il 5 Jasia

s il y Al = 5 Ll S5 Le il ddiiall ligal) ana Gl CHliatl) Jaal
Al e gl Lalal | Aigall (e S gy e sl (8 28l IS i 55 25 (Jsn

38 el

delu 2 [+ 3l 24 2y, Ausie 5 -/+ 35 e cilala 3l o Asdlall () s
S al 11 (Lial ()8 ) (oamala Jeld ¢ e ¢ s a s o) clala 0 sl canlsY) sl
Jaw dele 3 -/+ 4elu 48 Ul (& iSll ae cpaadll aef ¢ adls ol jle cllia

.“ . ...~.!\

Juicls 3 -/+4clu 48 A clala 3l o i) i Jle i aaala Jeldi 1)
s 3SUD SLEAY Ll (5 a0 Aan sall il i gl al i8Y) Jelil e
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DL bl Al e Jy Gpnianill e (G Am a5l Slall 585 e

Ala o cadl (&K1 A saadl lie 5 Sl le & jedal sl clala 31 5 iy S

g
Confirmed phase 4us Ul dda jal) 2 . 4

il 8 el Qa5 58Y oy conaly 5l (3 e dn Jeatiad 1 de M4 1.2 .4
(ol LS L i il Al yal

Peptone ... 10 g

Lactose .ovviii 10 g

Reagent grade water ..............ccccovevnnne. 1 L

72 OsSCanpH ) s <l &I AIY A daa Jalad g elall ) el S ol
A8 Al (e eS¢ A gl ol o 4 suillgn s il (B g 5 pbatll Ji a3 2 -/
AL ol Apiame Tl by i) (b | afinl) ny ol 5o By i) (A (M ol SLad)

a:\.u.d\ 3)\);J ?}&A

At calae | ) clala 31 sl e i) JS - Procedure 4kl 2 2.8
e -l e AnS AY) Presumptive phase  dsal @Yl dla yall 8 dylal
el 1 -/+ 18w panilh maiys AN U8 ) dele 2 -/+ 24 D (Uadls
vie 5 al dulagl canlil ek 131y | oaSUl HLEAY) o) ) &y (paadl] (e (LlagD

xS LAY AN o L g sl e Aol 3 -/+ 48

Go sall) Galail (e s pmala) Al Y Al all (e Anlan¥) i) (385 e
sl Banl g gl Jil (ae 3,5 — 3 Lgiai jld ) ara o) Jlexiudy | il 8 sl
i JAU Jlexind (Say) cpoa iy Do) () Alag) By il S e ey 3al (e ]
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Ly dmngsde joall AV o aw 25 Adlual duers ai=a Applicator
s all e dala¥) i) IS Al S ) g (Al ) & s iy )
Al yay)

2 ala )24y enil & Sl 5SS cda 0 B -/4 45 35 e o s Gl ) il fuas
delu 3 -/+ 4elu 48 Py (Aelw 2 -/+ 24 M dalu 1 -/+ 6 (w) i i
Aula¥) i e (Jaia) aaall el | sl Laa U dalay) i) @l ey

o Sl ) A e

i _gaaall ole 5 45 slall olpall dpuilly 45y jlall @by anding ¢ ALl Akl 3 02 | 4
eall

Ay il Aigmll (e Gl (il Aplan) dpcal 3i8Y) Als pall & i1 JS il 1)
Al (e JBY) AL 4 giaddl i) (e Al D okl iy ¢ sal

O JH LS digiadl ) il Canall e Aulan¥) ) i s ) Lmes daa sl
Ll 5 Le Lgale o 5 (Al

Complete phase 4xlgil gi dalsl) dds ) 4.2 . 4

AV Y e JBY) e 9410 o 3o sall 8 aSaill S L) 1 (5 e
Ln ol EC Be 5 I o5l ) L 53S0 (G sa iy il Ca oty Alad) Als (g
(s da 0445 die il 24 LadIS ) (Y S Ll Y EC with MUG G«
il Alal 5, ) Al SLaaW) of de Ja SO a8 dlan ) dail)
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(1 S i) ) S0 ¢l U S0 a1 e o Jah (g ya i

Inoculate aury!tryptose broth o presence-absence broth fermentation tubes or botes and incubate 24 1 2114t 351 0.5°C,

| il
i) o y
Gas ando i, growth produced. Transfer to No gas or avid produced. Incubte addtiona |
confimatorybrilant g lctose e, Incubate 48 2ot 481 31), |
£3hat 351057, |
| u 1 .
[ | £ ) f
y Gas orcid. No g or acid produced. )
s ol @ansfertto & ogs ol produc@.(iontmue Nttt G+
o Meey et Neglietes shil sy
220 B 057, Cafom goup
ahsen,
)
1 Acidic growth,
14 Confirm as n (1),
LM 1)
Typical OR atypical colform colonies. .( ,
Tanser o agar st and auy tryplose Necga|1fxg$ °°|r°§'95'
ot fementation tbe. et agar d bm gt P
g 1810 24 hand By ryptose ot ange.
Ut2ht0d813nat 3105,
1
) ]
(S produced. No gs produed.
Gramstain partion Negative test,
of agar slant growth.d Colform group absent,
r - B * If gas or cid grouth occurs before maxmum
1) Incubation time (e, 6 £ 1), ransfer to ngx
o 142 apopriate medum,
{ran-negative fods present, 1o spores by pArop
s gCompleted fest: coliformpgroup Sgoresdor gram-posnwet ¥ Atematl Lse £ test Secton 9216,
et Gramosie and negatierds %)Oaagte%pg;s, gﬁ‘?gﬁn ¢ Ontonl for kg e Samples,
both present. Repeat pracedure prou absént
beginning at 1.1, uipansent

Figure 92211, Schematic oufine of presumpfiv, confrmed, and completed phasesfor total colform detefion,
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LES Endo agar:

Yeast eXIraCt .......ovviii i 12 ¢
Casitone or trypticase .......c.ovevveiiiiiiieiiiniennen, 3,7 ¢

Thiopeptone or thiotone ..............cccoeiiiennnn, 3,7 9@

TrYPLOSE oo 759
LaCtOSe ... 94 ¢
Dipotassium hydrogen phosphate .................. 33 ¢
Potassium dihydrogen phosphate .................... 1.0 g

Sodium chloride ........ccooiiiiii 3,79
Sodium desoxycholate ...........ccccoveviiiiii e, 01g
Sodium lauryl sulphate ..............coooiiiiin, .0,05¢
Sodium SUIfIte .o 16 ¢
Basic fuchsin ... 0,8 g
Al . 15049
Reagen grade Water ...........ccoeviiiiiiiininniennn, 1 L

LY sl 8 I a0 95 Uil Jle 20 il g ele il 1 (M il Sl Canal

oY gedayy 50 45 (Vs el plen a lga 3l o S S
A B op 60 Bkl B 7 =5 Loy 2 -+ 7,2 Sl pH S5
25— 4 Ll Gee (55K Cunn il e 4uaS g aanal) dlina (5 AT Gl Jlaniadl
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b Lehain Jimdy Ul 83y cGuad) dxl ) LY (i e Y Cuay SLkY Ladal
sl ol sand oo Badall sae 35 Y L Akl b adal) (addd Slall deSaa @liindly Sl
sl g G slll (B e gl Sl a6y (a3 jaes Lgie pality

MacConkey agar

PEPLONE ... 17 ¢
Proteose Peptone .......c.vviiiiii i 3 g

LaCIOSE .n et e 10 g
Bilesalts ......ccooiii 5 ¢
Sodiumchloride ... 151 g
Al e 135 ¢
Neutral red ......ccovvrniii e 0,03 g
Crystal VIOIet ..., 0,001 g
Reagent grade water ...........ccoovveviiviiiiiiiienn 1 L

b ade | Sl Al Y oblall I cdi daa Jali) g el ) el sl ol

a e.\ﬁaﬂ\ &_\SQTemper DJ\‘)AJ\ akl 4_:}3.4 121 e fu.éa 15 bl u)&}i}‘ﬁ\
. Bl 8 Al

) 253 52 -+ 7,1 058 o came Ll pH
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Nutrient agar

PESPIONE e 5 g
Beef extract .......coovviii i 30
N - 15 ¢
Reagent grade Water ..........oovviiiiiiii i, 1L

2 2 [+ 6,8 058 Of e pH L 0l A s T Ll ¢ elall ) el sSall Gl
s axil i) ol abail) dmy | i oDy il B A1 & 5 el U8 aietl

e 2 S (3L 3a 5 20 O am alSaly oY) BB Slant s
(Module 2 a=)n) Gram stain reagents

G hli1.4.2 .4

MacConkey agar sl LES Endo agar b zchws e ¢ ) daire g sk &,
o0 sl ae 3 h Jlasinls Ly S seda 8 s il sl (g Ao g Ayl S
Gaball bty 5 Baall () gl uaa a5V mdans (e 11 335 Y ) DLl daiaia

2 -+ 24 53 Aa 0 B -/+ sk 35 e (e (52eliie Gl jeniiss e paaall
el

SN 45 8)Typical dmdsel o585 LES Endo agar sle L ll <l jastiasd) | o
Shepmnl aal dy e ) Atypical  dsdsei s ol (Al Laalll g ailE esl
55U 5 pedl Sl paiondl Aol 24 (pninn ey ( Fuiand) Raall 553 05l e
3 e B Al (555 Ly o gam (3555 (oS3 S0l s e LS5 305 B

Ao ) 50 i) s ST 1 pantnn Bl G S (e el il 230l o 5
SN € L il pertine Jaill Ol pariiusall s aal g5 ane Al 8 ¢ A e () 5SS
Jalah Gede s Dsin S disl e (e ed3 4 sl il 5 jentine JS 5 4l Ll
55 [+ 35 e (s A5 35 die delu 24 pnaaiy Nutrient agar ik s
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48 xie Allu il 1Y Gasdl) aefy jle Sl lgeandl gieln 2 -+ 24 sad 4 sia da o
8 shall lli ol jal ate (Say) il V) D g0l e al e daall 5 a5 Aele 3 /4
(Pl ol Al &

ol al e LA elac ) gdel 3 /4 48 IMA s i Juyslll (5 e sl L8 e ()5S
e gana (pn slmel 3 pn 5 515 Sl LA Din g pind By gaae ¢ i pale gt

0558l
Estimation of Bacterial Density LSl 48U Glua 3 . 4

Precision of fermentation tube test il culil il 433 1 .3 .4

Vazmidie () 5S8 pedtll il HLART A8 Gl ¢ Dl il e e aS 2ae HLas) S5 o113
O dlef sl LS (e saal g A e ssiaidalagedle 1 sl 1) Ol
Aplas e ot () a8 sl (e Al e e 1 (A A simall sV (0 06 37 lsa
Gl 5 ellia () 6 Ladie 5 Al (e Jlal IS cipall (8L SSA ) sl ay ) 5ill Ay
OS5 Ol @il ()l g plall el st Alud) Aal) asld Al (e Jle 1 40 Leia JS
901 o 2 Y JalSib Al malul)

O 58l L S HLia¥) il avall (6 pall zlial die Ga s allia 5 Ul
2 5 Ledie Al dipall e il JS (e AL il ey (e Lgale sl
D gdae Ay Aol (pe Sl

Computing and Recording of  Ylaial JisY) amll Jadigqlua . 2 . 3 . 8
o . MPN Ylaial JSTase 3)ga i i iy o5l sl L S A8 QLuaMPN
A0 dadigll b i g )l il e Aludad ¢ Ylaial ASY) aaal)

dad (e 8 38 daid JSI Cofidence limits 48 a5as 96 95 e Jaids Jglaadl elli
(Ul 853 5a sall Gl e Alariunall Aigall ana (IS I3 5 aae) Yiaia) Y saal)

[ Ylaia) ST oS Judbad) s dpbad) 5 dnlag¥) st sae I 4 pasie dagiil) Jams
C(PIA) &) 5 A0S0 o sl g8l L S b 2 pa S Al Jas 5 Je 100
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9-52

TasLe 9221:I1. MPN INDEX aND 95% CONFIDENCE LIMITS FOR VARIOUS
COMBINATIONS OF PosITIVE AND NEGATIVE REsuLTs WHEN FivE 20-ML

PortioNs ARE UseD

A el l-sladl L5 S

MICROBIOLOGICAL EXAMINATION (9000)

Taste 9221.111. MPN InpEX AND 95% CONFIDENCE LiMITS FOR VARIOUS
CoMBINATIONS OF PoSITIVE AND NEGATIVE REsuLTs WHEN Ten 10-ML

PortioNs ARE Usep

95% Confidence 95% Confidence
No. of Tubes Limits No. of Tubes Limits
Giving Positive MPN (Approximate) Giving Positive MPN (Approximate)
Reaction Out of Index/ —_— Reaction Out of Index/ _
5 of 20 mL Each 100 mL Lower Upper 10 of 10 L. Each 100 mL Lower Upper
0 <11 0 3.0 0 <l.1 0 30
1 1.1 0.05 6.3 1 1.1 0.03 59
2 26 0.3 9.6 2 22 0.26 8.1
3 4.6 0.8 14.7 3 36 0.69 10.6
4 8.0 1.7 264 4 5.1 13 134
5 >80 40 Infinite 5 6.9 2.1 168
6 9.2 31 211
7 120 43 211
8 16.1 59 36.8
9 230 8.1 59.5
10 >230 135 Infinite
/

TasLE 9221.IV. MPN Inpex AND 95% CoNFIDENCE Limits ForR VARIOUs COMBINATIONS OF PosiTIVE ResuLts WHEN Five TuBes ARE USED PER
Diution (10 ML, 1.0 ML, 0.1 ML)

95% Confidence Limits 95% Confidence Limits
Combination MPN Index) —m—m—— Combination MPN Index/) ———ooroo-—-—
of Positives 100 mL Lower Upper of Positives 100 mL Lower Upper
420 22 9.0 56
0-0-0 <2 — — 4-2-1 26 12 65
0-0-1 2 1.0 10 4-3-0 21 12 67
0-1-0 2 1.0 10 4-3-1 33 15 7
0-2-0 4 1.0 13 4-4-0 34 16 80
5-0-0 23 9.0 36
1-0-0 2 1.0 11 5-0-1 30 10 110
1-0-1 4 1.0 15 5-0-2 40 20 140
1-1-0 4 L0 15 5-1-0 30 10 120
I-1-1 6 2.0 18 5-1-1 50 20 150
1-2-0 6 20 18 512 60 30 180
2-0-0 4 1.0 17 5-2-0 50 20 170
2-0-1 7 20 20 5-2-1 70 30 210
2-1-0 7 2.0 21 522 90 40 250
2-1-1 9 3.0 24 5-3-0 80 30 250
2-2-0 9 3.0 25 5-3-1 110 40 300
230 12 5.0 29 5-3-2 140 60 360
3-0-0 8 3.0 24 5-3-3 170 80 410
3-0-1 11 40 29 5-4-0 130 50 390
3-1-0 11 40 29 5-4-1 170 70 480
3-1-1 14 6.0 35 5-4-2 220 100 580
3-2-0 14 6.0 35 5-4-3 280 120 690
321 17 7.0 40 5-4-4 350 160 820
5-5-0 240 100 940
4-0-0 13 5.0 38 5-5-1 300 100 1300
4-0-1 17 7.0 45 5-5-2 500 200 2000
410 17 7.0 46 5-5-3 900 300 2900
4-1-1 21 9.0 55 5-5-4 1600 600 5300
4-1-2 26 12 63 5-5-5 =1600 — —
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Jlia) die Al g Alag) bl Yidia) Y sasll a8 Cpn s, Aleill obially Ll T ja

Al e Aaliae dallial) ciladadl ¢ & larie Jle ] deed (Jle 1 ded 5 (Jle 10 (e dsed
Lon sall il e 222l Bl J sand) Ylaial V) 2all 28 U ¢J saad) L33 g sall
AU Alabaall ks el

MPN value (from table) X 10 = MPN /100mi

Largest volume tested in dilution

Series used for MPN determination

3 ol Jenius) cciubliill (pe dn puie Alods 8 lidas 3 (g ST Jleriualric
b Lellaain sy SO HLARY | Ylaial Y aall Clua 8 Lgia Lo
JS b dplay) il lawioaall colagal) e f jlia) oYlaia) Y aed) Syais
sl A e Y plaalill Gl pladal 53 piaall dall (e o) Jal) Gaedll
JUl s, Ylaia) SV ol ) Cluas 8 AN & gaall 0] il Janil
0 e dady Helais il cladas G ¢ (Ul Jsaall ) Jiul Gl
i) 8 Al V1 i) & 63 a0V lidas N ) C Al
s sl

8 a5 Al ) e (d Juw) il Jaul 3 g sall Jia dla A
A Ol aaatiul @ Al g saclll a3 sl EDEN (e Jeb Caidss
Ry

Banl s dadi 5 gom ol Aldidie die ganad Al U il s o)y Leic
PEWPIN FEWEN
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Jaial) saum el B Ao Jeant I | 5 Al ciladasl) Gl eday U J sasl)
3l 5 il Gl Y1 o f 2l i U cllia o Qs Lls 061 e 2 5 o
Y Ao sall B Cile) 8 @llin cilS 13y Beay ol IlaiaV) daal) daf Chss 43a3
AUl Adabeall (e Lgbon (Say 438 o gandl (8 2a)

1 0.] 00l 0001 Combipation = MPN Index
Example mL  mL ml. mL of positives 100 mL

a 55 58 U 0/5 520 5000
55 W5 TS 5 5.4.2 2200
€ &5 15 0 /5 0-1-0 20

In ¢, select the first three dilutions so as to include the positive
result in the middle dilution.

VPN . = — of positive tubes X 10'3_#

mL sample in ; L. sample in
negative lbes  all (ubeg

shaall
Al ol Lgllamins) Sy ALl Aalaall Gl 3S 5 Yiaial JSY) aaall 2l J
Ol L i G 5 jal de gana
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Presence-Absence (P-A) Ol sdll b s aal sil) aas — aa) gil) LA
Coliform Test

Yiaial SV axall 48 5l gl o )58l LS Ao ganal aal 5l pae-aal gil) Lasl
Claslen Sl Jpeanllp 5 dala o8 (Jle 100) 3als S saaa Jueninls chaseass |
LS e e Y adl 4 plas e a5l g8l LS el aa) 58 e e 5
Lyl 853 aa il aae —aal i) jlals | ol b die e dle 100 & 008l
(b ga sl Al O AN LS)  AY) Al I J e s de) ) daa 4l
s il Gl i e 5 (o sISU 5 6 51 ) cbmnall ¢l g stans ¢ S 5S gLl
san g o3 ligall e S e Jla) AlSa) Jadi (5 AT < jpee ellia | (oSI) Gl
ekl Membrane filtration g il 4uie | 48 yhay &5 jlae il o Cy jal i gl
3 5y b Osl sl LS aa) 55 CalSlAia b ] e ey bl — 2l 5l sl ¢
b 8L s 1 180 U S e gaill (8 (3 585 La s (5 (5 DAY LS (g el
Leie

i (e dmanall il i g Sl Hlaia¥) (8 Jlexind aoda g ladl -oa) il Ll
Al 216U (e 1 ge (e dranall Cilipal) it Ladie | oyl dadlae ildase ol o 5l
b Ol L S AU )88 (s iy ey 4dld oy 80 L Sl bl il sy
Sl sae pedai ey ApaSll Clla glaall 5 35 jSie e
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Presumptive phase 4l ¥ dla jall | 1

Culture media g M 4. 1.1

P-A broth

Beef extract .......coovi i 3 g
PEPIONE ..o 5 g
LACTOSE ..ot e e 746 ¢
TIYPEOSE et e e 9.83 g
Dipotassium hydrogen phosphate ........................ .. 1.35 g
Potassium dihydrogen phosphate ...............c.coooei e, 1.35 g
Sodium chloride ........ovviviiii i 2.46 g
Spdium lauryl sulphate ..., 0.05 g
Bromocresol purple ... 0.0085 g
Reagent grade Water ..........coeveiveiieiieiie e e ien e 1 L

~aa) 51l (3 ye Ay 1N Al (g0 e 100 Jia) vie (3580) S il A5 Ll s
s 3 _panall &) (e JLe 50 & )58 ol Al s Jaamia ¢ O 5 slall (& Ll
o (plaLd) el dysul dala 3 IS Jah pa s Jle 250 Ja s 5D ellany Cilals

b Al ol8Baa s 4y ie 121 p 4883 12 82al CS i gY) oo (555 0

il any 52 o[+ 6,8 055 o s pH 4883 30 oo 25 ol s ¥ G5
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Apuslanall Al e Qe 20 & 5 38 il A Ry Janiad g il £l e ie
. JL 250 daine clals ;b 38 5

Lauryl tryptose broth (see8.1.1).
Procedure 4ihli 2 .1

lus Bla) sl -aad il Ay dals ) (A Jl 100 #1530 25 (Mga 30y Al =
Al DA S ABB A 15 55 e pemall (5 pn 5 50 Al 31 ol
aalall Jelailldc i 48 sdclu 24 a anidl 94 g da 0 5 -/+ 35 dic (uiaa

Interpretation @il juwdi 3.1

130, SO el amy aa) o8 daadlall Ca g plall sl o5 die 2l 8 jieal o) ¢ oS
s aa ol e S A | )b 51308 ) yedhy Chgm (38 pdala 3l Sa < Laadl e ()5S
ASU () zling g an g JLEAY) ying (iaala

Confirmed phase Stll a o, 2

il 8 ) jiall Sl Y e il ) (3 e A Jetid 1 ASI N iy 1, 2

sasla Sl prasla cidaed ) daa sl ¢ ) el JS 85 Procedure A&kl 2 . 2
LA e da 2 55 o[+ 35 e umaiy (e Gyl A N (Ole

48 Gy byl il ) # L) Interpretation gl pweds | 3, 2
sl a5l a5y pem o ) Sy 01 LS5 s S5 el 3 /4
Al e JLe 100 8 0ot L S (Gl sl o 50)

Completed test Jasall Jmd¥) 4, 2
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&l )

Aoy 3l ¢80 Uy i Ay sk

Fecal Coliform Procedure

de sane dd il aaaiid Elevated temperature tests i yall 5 ) jall <ol jlal
48y yhay o 31 el Sy JLaa¥) | &Sl O Al L SIS e e (e A1) sl sl L Sy
saalgdshad 85 aiAhh A Al 5 e Ay Jleainl 44 Hhall 5 saamial) canlsY)

eyl slse e il 5l b Cilexid EC R Jlaninds A 31all ¢ 5) g8l L S, sl
ol colenio¥ olyo ¢ AL Clilial) Aadlae Al calal) sbyal) ¢dglall (5 tadll &5l
olia u:\:ml\ ‘)JLAAJL}:\.A“; A 1 wem} ) aw\@cy&\fawjﬂ\
Aallacall AL il g ¢l

EC Ay aladiuly 4310 ¢l g8 L asd JLady) | 1

FecalColiform Test (EC medium)

sty () AN (o) 8l b 5 (e o Gand) A8 A Jantiasy 3550 all 0 5158l L S5 s
calalad) ¢ by ladl olue HLERY Gy pas A5y Jantiad | A3l o sl sl 1 S
le LA A 1454 Shellfishdadlaa) AL
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eSS EC w1, 1

Tryptose or tryptiCase ........ccoovvvviveiiriiieiieiieeea e, 20 ¢
LACTOSE .ttt e 5 g
Bile salt mixture or bilesalt No.3................cooiiinn . 15 g
Dipotassium hydrogen phosphate ..................coeiits 4 g
Potassium dihydrogen phosphate........................... 15 ¢
Sodiumchloride ... 5 g
Reagent-grade Water ..........covviiiiiiiiie e e enaenn 1 L

33,2 -[+ 6,9 058 O e pH L sl A das Jalas coball ) el Sl Calias
) (e S ¢ Ay slia ol 5o A i) La Baal 5 S ¢ el il B g 55 piaill J st
ol (ama glary i) au | adiedll axy Ui e JAY) e ol 4 glaal) 4 su¥) sl 481S

aiil) 5l yad o glie (Sindl

Procedure 4i k), 2

O8O balasl dagi el lPresumptive test  (ooadll LAY calil Ju )
el 1Y il (e dels 48 dhmw}\cﬂcJM\wMM\eu)dg_mb\
A sl L Sy Ll

diasan gl ¢ gad e O pelal Al clala N ol (38 oa ) LAY sl e ]
Gonse dala ) ol 40l O (e sail) Jiil aa 35 — 3 Lgintd jlad (gl padial

24 535 ds 0 32 [+ 44,5 die Sl ales & (EC) dnild) i) a2,

Aclu 2 -/+
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o) Leiia (e el (10 30 A Sl alaal) L8 dailal EC (5 e el S aa
Cli¥) A 5 Cane Apdaail S aliall e duaS Sl alaall 8 (S ol e

Ji sl dele 2 [+ 24 PR EC G Ain (b saill o el ) il jpuds | 3, 2
SOl s dsa s ae) Sle il & JEal) | A5l o sl b ST s ge SLERY) yiay
Gl dae e MPN ey ¢ 33l W) Calesdianl 131 calls Je &l yging (o sina
J\.\b\wbh\;&.\}d\d@u\d&j . :\Lu\dj\daj\wi)ﬁ}:\_\;ﬂ\EC
A sVl LS e gl asa 55 ea e Aagill SY Presumptive

) 351 9158 LS sl 3
Fecal-coliform Direct Test (A-1 medium)

aah 1.3

4y S 35 Presumptive phase dual yiil dls jo @lia Gl (AT (3 e 4y a2diud

Al
(b WS

I (o3 (01T 5 g
T PEOSE e et e e e e 20 ¢
Sodiumchloride ... 59
SAlICIN o 05¢g
Polyethylene glycol p-isooctyl phenyl ether (Tween 100) ......... 1 mi
Reagent-grade Water .........c.ovieiieiie e e 1L

Jé .. 1-/+6,9 xc pH Luxals ¢ 100 Xosi caal dliall el ol 313V A
ala )3 A sl yend 85 A A sl ala 50 il L aedd il (A 4ull g 5 g bl
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- iail) 3l el i laudly ol dvisee dael i) dae | el aa Wi S JEY) e
die A3l A Gl (38 A gieda 0 121 ie IS 55V 8 38 10 bl aie
ol 0585 Jalad Gl 7 0 5Adl) 6 i (gaai Y Gy Al 550 s da 0

3858 Y Cumy Dal) (0 Jle 10 Jleia (Say in Cieline 3 i Al
Al daLaly Al

k1.3

da 0 55 -+ 35 aic clelu 3 saal e Bl SOLS AT A (e i) il
[+ 21 3aal uma s Ay s da ) 52 o[+ 44,5 e Sle alea Y Bl S5 s
Acla 2

) jamdi 2 3

Al ¥ of e e ey BT iAol 24 DA ) b )zl
i) ase 5o MPN Ylaial JESY) saal) Gl 45 3l 0158 L iS4 lia™d
EETERN
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st 8 S e sanal g ) Apdi | 4y

Membrane Filter Technique of the Coliform Group

4adda

ZlE e Bale 5 «liall (e Lo Lo 533 508 o sans pn Lgdlanis) (S e il die | 43
slsa 48l ja (A lan Bada pradh yill Ape T AR Hla 5Y Laia) SESY) ) 48yl (g0 Alia K]
pans Ll e il dpse | 48 jha (8 elld may |, dnasll laall Cle 5 (e e 5 Al
i Y AL S slae gl Audlad) 3 el cld slaall Ll aie dald (il gasall
dpie | 4ay )k aladiud 2ie 5 . Noncoliform (background) oshsill b 5 de sana
) s (G Jazall Lgaiing (Al (e il il el pal case pall e OIS il il il
A laall s Lkt 4l i 452 V) A8y )k aa

Definition <,

) ¥l it e e ol ) LS de sana 8 g i) Andie] Ag plal dunally
gl pen Gl pentiine #18 ll g JSEN 4 gac ¢ ol all 435S e cal jad dlls o) laal
s Ay e 45 35 e dels 24 IO Mettalic (golden) sheen 4wad daaly

LS de sema sl (amy | 5500 S e o533 il s Endo medium
o) 53 3 5l Mucoid hlie « Dark red a8 yeal (sh & jerioe i Lay y ¢ 5l 5dl)
LTy (51 58l Ly S5 ol janiase Lgdl e Caiaioda 5 Aaedl) 42alll 53 Nucleated
Purified cultures sl 5158l L S ) e sl =ic 5 Atypical 4dbe e
i 505 Cytochrome oxidase negative Sl a5 S s a5 33¥ Al () oS5 Lgild
G paniiaall et MF - 48 hall @lli 8 43l ¢ dale dday 5 \B-galactosidase a3V
sl celall celd ) 31 (Nunmucoid  dsblae sl Pink a8l el opslll il
O LS e Cugd uiad Leild laalll sty Al o 5ll) dagae
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Application Gzl . 3

DAL zeand Y ey Aalaia o) g s ) iy sall ¢ alladall 3 sa g e Laadiall 5 1S
ot Ly 054580 Ly S Acmbitall il 5 Ay s 0 Y (S Al (30 s
Al M ge aga g ae b el LS @5 Y Sl s AYI LS 3 a0

ol o8l Saline water  Aalall sl HLiaY (GuSall ALE ol il duse | 45 Ha
58l o I Anllasy Ao giie dgiage dalina Lgale o ) (A Adilad) cilitial
3 ga sl dalis (plaa o s gini Al Lo clilie o clipnll (e 3508 4 saa aladinl e
total & laall 4SH G o1 g8l L S5 da) 5 e ESHy L Y 53l Jie dalu & gudac
GlalRall (e 4y BN Aallaall mili g Aadladll il olie & Stressed  coliforms
o Ll slin ) de sanall @l aal 65 e CRISH Crana 43 Hhall (8 ) 5ISIL dadlaal) AL
.(Module 4

A8l yall Gl 2 ¥ 5. dLe 100 52 A pally il olse Alla 8o sl o O} Al aas
msdiall &l 58 il A sl el L S Caieat gl slaall Ao 53 JSLER Ja i calal)
CalS 13 Al (e A1 ] Jlia) se pall (e 058 La )y dadlaall il ghad A (4
o)l () (G Aad) ansli canl 5 e ye JOA D) o il e 53wkl Adlaall ) gl
gl s (AUl Jslaadl 45 )lae) mad il sl ) pani'y Jalaill e Jle 250 ¢ 3 e
L5 Y1 48 oy Adbean V) dlae Y Sy lililaie ¢y plall Al olual) Ay 55 apil dpilly
Aaaiiual) il jall e Al ¢ o 8 L i< Ylaia) SV anal) 48y jla e 28y S
sl Al (B30 3Y () 5SE liuall (e sl alaals, ll/aaal) Ll ) 5l Asal) i il
ALl il 5 Source water oball Jaas 5l Recreational water <ila jiiall
A3k (o Lo A5 eall il jall 5 18 L S e Alle dlaed e (5 gias Al
el dpdie ] 45y Hla 483 50l ) o yedal Ylaia) ISV aaell 45y yk o diliial) il yal
OSy Ghlilaia iy Hlall Gy slaall dae 55 anfl) Al i) 5 (AU J laadl 45 laa)
48y yhay Ailean ) alac Y1 (S5 Gy sha (pe A8y ST Anie V) 48y jhay Ailias ) dlac Y
Yiaial Y aaall 48 jha e 48y i<z Y)
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TABLE 9222:I1. CONFIDENCE LiMITs FOR MEMBRANE FiLTER COLIFORM
ResuULTs UsING 100-mL SAMPLE

Number of Coliform 959% Confidence Limits

Colonies Counted Lower Upper
0 0.0 3.7
1 0.1 5.6
2 2 7.2
3 0.6 8.8
4 1.0 10.2
5 1.6 11.7
6 2.2 13.1
i 2.8 14.4
8 3.4 15.8
9 4.0 17.1
10 4.7 18.4
i1 5.4 19.7
12 6.2 21.0
13 6.9 223
14 7.7 23.5
15 8.4 24.8
16 9.2 26.0
17 9.9 27.2
18 10.7 28.4
19 11.5 29.6
20 12.2 30.8

MICROBIOLOGICAL EXAMINATION (9000)

TasLe 9221.111. MPN INDEX AND 95% CONEIDENCE LIMITS FOR VARIOUS
CoMBINATIONS OF PoSITIVE AND NEGATIVE REsuLTS WHEN TeN 10-ML
Portions ArRe USED

95% Confidence

No. of Tubes Limits
Giving Positive MPN (Approximate)
Reaction Qut of Index/

10 of 10 mil. Each 100 mL Lower Upper
0 <1.1 0 3.0
| 1.1 0.03 5.9
2 2.2 0.26 8.1
3 3.6 0.69 10.6
4 5.1 1.3 134
5 6.9 2.1 16.8
6 9.2 3.1 211
7 12.0 43 211
8 16.1 59 36.8
9 23.0 8.1 59.5

10 >230 135 Infinite
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o ) g )3Tty gl 81 Uy S Al ) Ay sl

Standard Total Coliform Membrane Filter Procedure

Laboratory apparatus 4slesall gyl 1

A ga (e de g OS5 5 a1 8 el (sl Auala ) <l ol Jastinl e il Apzely Jidail
LS s e 5355 Layy il 5 Aabadl o) sall (30 AA

(QA/ QC Notes) Sampling bottles <liall clalajy 1.1
.(QA/ QC Notes) Dilution bottles «idadll clalaj. 2.1

Pipets and graduated cylinders QA/QC 4a_ il jmldall g clalall 3. 1
AaSaa e Apbaaill (S5 o i ga sl ol 8l S (3 ) 0 il pailudl ek ¢ el J (NotES)
Aokl Sl 5yl agieil) 2ay

Containers of culture medium g )M 4w desi 4.1
Culture dishes g3 @kl . 5.1
Filtration units gdill @laay 6. 1
Membrane filter ged il duiei 7 .1
Absorbent bads 4walall 32l 8 . 1
Forceps hidall, 9 . 1

Microscope and light source ssba¥) jiaag i gSwg Sl 10 . 1
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Materials and Culture Media g 33 <ling a1 gal) 2

O3 L sk Bl e 38 gia 3 jalad) Al Ll Ll sSa (e Al jpzaad sl Y
Al dge o 8 Saill QC/QA kil Chiae 8 gl s i o ) Al

e . (QCIQA) g S Jsaall apaall Lo gl Jlae iy Al (0 o T gl JS il
e %10 oo Y e Verify G3ai Endo type 53V & 55 e 4 (e 2an b gl
Sl Ly e gl dpngalall lisall (e Lo Jeaniall ¢ 51l L S <l janiane

. Recovery = aiu¥ e g3 5 diull Aaliaal) cila sl &5 lial ¢dd 5 pue

AL M F s pdiiin Al 4l Batch st dalee S ) Jlaatina) J8
DEA) L Al Ayt et Ll g pma s AT Ayl dai el Ll Cig aede ) e
e dle 30 —20 b gl Al (e Al JS Al s Al ie (5l Gl Ly 1S gl
o=b )l Controls <lma jall (8 sl Heda 131 i jall A Calalll 5l Caiaill Jglaa

Al de il 5 ilis 4

-84 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

LES Endo agar 4.1 .2

M-Endo 4.2 .2

Tryptone or polypeptone .......cooieiiiiiiiii e, 10 g
Thiopeptone or thiotone ............c.ovviiiiiiii e, 5 ¢
Casitone or trypliCase ......ovvvvriiiii i e e 5 ¢

YEASE EXIIACT ...t 15¢g
2 (03 (0 1] 125 ¢

Sodiumchloride ... 5 g
Dipotassium hydrogen phosphatr ..............cccoeveee oennn, 4,375 g
Potassium dihydrogen phosphate ... 1,375 g
Sodium lauryl sulphate ... 0,05 ¢
Sodium desoxycholate ..........cooooiiiiiiiiii . 0.1 ¢
SOAdIUM SUITITE e e 21 g
Basic fUCNSIN ... 105 ¢
N 15 g

Reagent-grade Water ..........c.ooviieieiiiiiiiiiiieiieieneen, 1 L

Jsn3 %90 e 20 e sgingyele T3] (Il Sall bl - eV juiass
s Asiedn 050 — 45 s ad iy VAN ol 8 ) A Ji
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Jdaily (Sldal Calextal 13 ae 60k Gl sl zla 3l GLbY) 8 Jl 7 = 5 il
PH oIS 53 s¥) 3 A5 aiai Y | lassll (i Jaad Al (e B0aS quim g o)y ddlide
cmly asa g galall (e 2 -+ 7,2 Al

e sl 220 A0 (e Jeatise pall daion g 23Ul 8 ALl 2ol o 5

dle 2) ALl Al e 55 ¢ jla¥l Al ae pe il SOLS juas (5 all juiass
B30 s o 5iabs (QA/QC paibad ) a1 ) dalall dilusll e (Buda S
s sl il 1) L) 56U pa JIE Y LSy ol 5y 40 (0585 38 el L Al (e
o om0l 38 i Al ) g g 51y Sl (e A Ll L agdy sl
A4 G G5 ey 2yl el L S g
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(QA/QC galy) wliall 3
Gl LS iy 2t 4

24 A Metallic sheen (Aies) duad 3zl g ol jen Gl jerione s Al L <)
Ae gane (o guae il 92V g 53 Ge dw e 45ie da 0 35 o prdandll (e el
51 a8 5 peninall 38 5a o jedai 38 51 LIS 5 pantinal) aad o8 daalll (558 L S
LSS et e il Z Ul e aaiag o s g8l L S iy gl a8 | Gilsal) e
o ) Y A Jiadll ddae 35k G 6 e (A Ao slasS sl Apalall s Laiy
Y daa Sl ) penionall laalll 8 CaDBAYT famy ol Ylaia) JSY) aaal) Ladl
sebha asl e S0 Y Jalall aaas 8 vl CaBEAY) e e ey ey o6l gl b S
O A8 ad) Al dlio il jo el 13 da A dalal) daall Aals (ha o) jra il
iy yhay Lele: Juaniall (5 AV 5 i il Apdie ] 48l Lgale: Jeaniial) bl
Baaxiall yeddl)

Procedure 4i )kl | 5

ola Jalat 3 Aa8 giall L iSO 480, Aial) aas a8y s ddall aaa HLA1 1L 5
o st LS ) i Y Al S gats sl 8 Sally Abuall aas Sy o)
ol paall s e 100 cAapdaiill Gl e 35 (A Janll ) daadl
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Tame 021, Succnsren Sanets Vouunses ron Mevnane Fue Tonat Covtrony Test

W Souee

Volume ) To Be Fierd
ik

—_—
=
~—_ru
L e
—
—
—
[
—_—
=
e ]
—_—
=
=
—
=

* D v
S o

Vol g

* Lt o
W spply il

Bl b
Roer vl
(Horaed sevug
Rov g

—_—l el e
_ et el g
e S et
- e et B
o
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200 oo ST Gl O Vsl L S0 (e B pantiose 80 — 20 iines Abaal) (e JiaY) anall
100 e gesi s ol slae Jalas | ALl i jall b e g1 N1 OS (0 B pertinns
4 50 IS Ll Jie paall 3 e Clie (e &) 86 2l 5 sl (Jle 1000
Mding ¢ (Adide ye 5l dddde ) Adlide o gan B iy 5 A Y elaall il e 25 36
o 5l Asae) Al Gadle 100 e il b A dla (B, Aa i) L S 4K e
Jil o el ) U ) el (M e s Jlae Jle 10 Mo ol (Riiie
olaall ana 852030 o3 | drpen (il il iy g 2t Aala ) U Al (e aaall
LSl s o b S Glaa a3 55 pUaT) e seluy

Sterile filtration units 4aleall geadi il Clasg 1

O ) a8 Al ciland il (e Al JS Aoy 8 daiae zrad i Clas g Jardiu

O S 514883 30 58 e 1) dda yina el e il Al | gl aial ddapal)
Leolaiil (g o N e A0l s i) dlee Jale @l Ghan 11305 AUl a5l il
(QALQC eal)) Jeadl JS sie UL spanna dilee il e Aailu dlee )

Filtration of sample 4l g 5, 2

zhull) Sterile membrane filter — adae SLiE 7 je pia ¢ alze Jadle Jlaainly
o aiall e jall aa Gasay L Slead) e il aead) ol e (e T anidl)
g ot ol 2 5a s plend) e dle) e ge las 4idy Sl Jalall 6 ) e aadll
DA o geaill 1Al o) ot a3lSe 8 N oliy w5 G i o Aial
Ciladl (JpaSs L abeall Gl Jslae o Jle 30 — 20 G Jo S cilady 3 i
o sl xa Washing bottle  Jwse Aals ) (e pdaall cadill Jslaa e iy aadl)
Calail) o lgiil e, gl JUEE (o piey il s Calal) | Jlanin¥) IS 3 Hl g
¢, plza Jadlay ALSR]) L) Jadill g g alll g i) i 8l (o) el i) dnlae 9 Algal)
e 13 5 Bl g S s ol sad) S acial A il AS a5 8l Al e Axia g

e debu 24-22 5aal (pas g 40l8) 5 Bulall 3le) | il o Ao GIAD ) Adnl) Jlass)
Adedsn 5-/+35
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Lz g (3adall 3 Filter pad Aalall salu sl aua (AliLud) dau) aladin) Al
oaiag al g ) (e 130 J )1 Gl il s (M-Endo) 4l e Jle 2 Jleatinay
O 5 ¢(Balall ) s A pliall 3ol ) o 3 jdlie puma) il aia (Cadailly)
Acls 24 32 4y 5ia da )3 5 -/+ 35 e

Dy gl i Ly ) Al 5l ba s ) gum (8 Al aladid Alls (8 o) s O panfpaall s
Aol 24 (e ST i el Cazas 13

Q}XEHJJ@ASQJL&EA\)JA]_OO@JJM ujad\chaam‘)m\ﬁucﬂcm
sl et iyl (s a3 LI pamay

e b€ e 3 ga g g Bl CIA AT (a2 ) @b Jaaid ) sl il
abia Jglae Jarind ¢ a5 e Sy el il Bas g asbal oy (5l 6811 L 3G
il e B J85 aia g yilal) ) ) aay 3s ol elEIBUffer rinse

Alternative enrichment technique bl cuwadill 48, b 3

Bredimgedle 2 (s lgrad s alea (5 5 (3 sllad (8 dales dala 3ol g o
e Al Adde Cnd ) Al Sl md el pa Lae S3LS pumna H5h 55 da sl

Augiedan 5 /4 35 tie delu 2 U 1.5 5aa) unn s (Gl (5 Y 5 Fualal) 53l 5l
S e 0660 aiisha ) s b

MJM\J@MM\EJM}X\CJ:“&LQAJM\LJJ\ 6)1;‘}&\@@\ 3l
Al

M- 2l i g Badall (L Baan Bals g anda g oy 438 ¢ ALad) Al Calaain) 131 Ll
g pda il Can puzany 5 (Gadall ally 5 el 3ol sl e (e 5ilall J) 3 SSENCO
Adall A3l alasil

delu 22 J 20 33l Cpan g (e i) ABLY o Aulial) 350l Caaadil ¢ g

Aiseds 2 5 -+ 35

-90 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

Counting ' . 4.5
IR (30330 15 — 10 LS 858 Jania) Alial) Ol yall das Lo ) jerivsall 2al
Wide-field dissecting microscope or other optical devices

53 sl (5 s 3ol da i s geall jaaeS sliny i ) 5l el Jlextind ae
e Gl e wlE jeal PNk a8 o5t L Aaliall ) 8l U S <) janiana
Typical and atypical il jue § Ll &l jariusal) (0 AS 2o § xhaddl e

s JS () (sl Gl a8 a8 (e anall 8 Calias Lay ) daedl)) dadaiall

@ild yenl 05l (685 o Sy ) e (51 58 Ly S Ol janiasa b janiusal
elanl) cold 31 Al @l Ol jaatiesall ddle | ladd (9230 63 I3 sl Mucoid dubalis
IS e sl L S G Ll e a3 laalll gie ity (5 ol dapae

s S L Sl sasy A3l Al (d W) Ay e (Lo s 5 (sl sl L SiS) Ol jantisdll

O daef ol ¢ gt pa Jalaiy Loy ) A ) 8 ) U S e el 222l ALY Ll
D) Ly Sl (e adi pall aaell ae (Gpand Aol 22 2n) & ) el 2 55 o o1 58l Ly S

Olaalll uai e aclun g sliia¥l aiay layy 2ell Jdeln 1 ) Bsadlduglsd

Deter spread of confluence while aiding sheen discernment.

3 jlae S o (s sing Lay ) dadlaad) ALl colilical) il ) 5 jedaall olall cilie
Aelu 24 — 22 A Ola il i g cday saii S 5 Stressed organisms
Olalll Cigu g el 18 — 631 amy laalll i Lay 5 3 jedan jurdl jabiadl) (e clislsl)
Acls 30 — 24 2

Coliform verification o s 58l L A (e 383l 5. 5

Ol LS i Y L S sad (e Al Ax D) ) panisall ekl Lay ) el yié e
(Olaad (55381 55 Cld ) yantinn sl 238 yanl Lgd sl ol perins) ddliall pue il perianall
oy Aliall ) jamivaal) i 95 S (e GBiay O Jaay g 0581 L3S0 () 685 ey
dsed g Al ) jantiine 5 JBY) o Lalail) ol Aldall il e (8 5k e A0
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o il slae G (gAY Ll Als by Slie jilide e e ddlic jue G jeatis
Adlidall 5 ddlia yuad) ol jasiosall CiNiaa 5 ) AreY il perinn 10 (o (383 ¢ ol a8
Lkl e lalie) (QA/QC notes ) L dos sall sbiall e (4o (Lo jedae 4
IS e 82a) 98 yertiue (g (381 cm)zm&hwﬁ&d.«ud\&\kjwj dual) dae i
0 %010 (e 83 o bR mad il (e de e e e e sl MiaType ¢ s
Sl dags e ol alae Yl lanal | (A sall il

Verification tests @il <l Aid) 1 . 6.5

Juapinls zead ) elie sl 5l 3 jeniann JS (o sa3 Jiil - 93U jad3 1 .1.6.5
B (gt s (ol ol Gl (& lad) g a5l sl Al 8) kE Swab
O e W) \elu 48 sadd 4y sia da j0 5 -/+ 35 die (pias g el Jy ) ol
48 A (2. 8w aall) 35SV Cpoas il (3e b aslill il Jy
) s G Gl & ) Saall s st sl Ly SSS B pantinall (e (B3a3 de L
die Gpanill s EC broth <l (s dilaal 5 LaadIS 3 Slall Ll (e sl 5
Ot b i dea g e Aait ey Aol 24 5ol g da 30 2 -+ 445
sl Caa el s MUG el Gilae 40l (i (e il (s 5 6 )l
Y sS Ld il 3 s s e A oy ARl (g k)

Gl pariane J 2l A3y hall el Jasial el 680 LA e @il e i1 2.1 .6 .5
A padall Ol perisall CuilS 13 5l ddalide de ) jall o el 13 mad il dpie e
el Al Jal S Sl sl M-Endo 4 e sail) 0 g3 ca0 2 00 B
il il s s a) ol de ) all

a5 S sl Je i) HLia) Jleainly Ol periusall (o Bisill-ay ) JGAY) 3.1 .6 .5
48 5l AW fuamaicilele 4 A Gaogal) a8V Ly sl
. Spot test dasdl jLasl
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Commercial multi-test systems aiall J8aN) ol 4 1.6 .5

)\_:.1;\1\ (,Um Lﬁ L@_:s; | c\d.x; ‘d}):u ® )A’..m. JL};\ ‘M L@.DJ).I ? M | (e (533.1 3
Bo ol /5 5530 jeds sl Jeiii Al Enterobacteriaceae 4e saaal dazial)
S92l o g S sy Sad €Y

Calculation of Coliform Density ¢ sl b 58 48US clua . 6

ouls asid S5 yanins 80 — 20 Lo Al Alial) cilad jall Jleaindy (a3l Caeal
Al Jlesiuly Jlie iy JS g 5V JS (a3 panine 200 (e ST

100X o5t sall L A Gl yariass 2o = JLe 100 /4 o5l 58l L A<
Jle s pall Ligall aas

100 /oshsil Lo e 1 e B Lyl i€y 5l g8 Ly ST ) pamuna s 55 o1 13

Jle
0 Asbaal) ko (3aall aad
Gl yaziuall 22c
100 = Lebe GBintall iy S, A
aill gy peall oy il S ) jamivna I 200

il olga e 53 G olgall L 1. 6

LS A0S s callaty &l (8 JLe 100 / sV 8l LS (e ol sla Siad EPA - ok
&l alas daka giia o) o 810 Ly K IS 1Y) aga 138 | 3 e Ciline B () ol )
ol s saa e pise (et A Cila gladll

LS &l peniune JS aad ¢ AN (S Le Bl ()60 0518l LS (e W) gina sl olsal
Ualrall Janiasi s (5 penivnn 20) L ) oS3l a0} 2all eV 4335 YV 5 51l
O 5l Ly S ABUS 48 el
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IS Baaae e Ol periisall gaie o Ja ) Sldall Sl mlase JSI Jlake saill S 1)
Wagagate o Gl Ly asm g ae gl sai dail
Confluent growth with (or without ) coliform

13 i (SRl e jal) mhans e 200 Ge 2 W s sl Al LA K aaall IS
t00 NUMErous to Wwaal las 3 5u€ dlac | Aayiill (i3 laaad 3aaas <l jariodl CuilS

il e count  Confluent or TNTC

O Sl 5 35k o abagi Ley ) Glaad 999 O3 8N LS 2 a5 el ol (A

b e Swap 2358 JaaSsl ol jteall ke (a il ya (3 & il I < pastinal)
-[+ 35 die Gy o) jhuall e (n o Caidly 5 (5 e Al (8 puda g5 (SRl i all
O LS g oline ezl s delu 48 3adl 4y e da 2 5

Aelu 24 A @ sall (i (e s A e o Jpanll ding A3l e Jgeanl) a2

4 e Ll and (Jle 100 a5 Ay Aliall midi jall mdaws e alaa 3Y1 (e JOEU
Aardial) Aliall cilacd yall o i) aan) 5 e a5 dpde

Water of other thsan drinking water <&l sl CidA sluall 2 . 6

2 Al (e Jle 100 Jalad 8 Jartid 38 1S 5 lade (Sas 5 aUall slac YY) ¢l 1)
5 Sl 5 ) pariinn 3 Y Ao sela s Legia IS (e Jle 50 s yi iy Sl iy
. Jle 100 /5 axinse 8 058y S 2aall (b Ol jeriina

0o Fils Q¢ 40 — o1 e 1 el 10 g5 (e Aaii o J sl s
40 5 Jle 10 Aaii o) e oy Sl (i s sl LS il paninnn (0 23
200 (e S) il 138 e L Sl I aaall 1S3, 400 e 100 faaall (5583
JLe 100/400 (s stasi 5l (e ST i) i€

Statistical reliability of membrane filter results . 3.6

71-10 = Jsa
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A Sl ¢y 9l g8 Ly S Guuaatll) AL

Delayed-Incubation Total Coliform Procedure

Junill Gl () Lgaand i axy dipall S sy daladl) Ailial) Cilandigall 45y jla ok

L JLERY) JLaSl s Gpanl) 5 danadiiall Dl (M) (ALl md jall J8 oy Jally 5 Jilasll
Gohll aladind Ulee (555 YV Lo die dllaxinsl (Say cppandll pualiy Galaldl syl 1
L slhall 3 ) all da jo o el Jais Sy Y Ladie (1) Liagl adlasias) oSy 5 4yl
(z) 4z seal) gl e Jshal Jail) dlead o 53U ) () S0 Lavie () Jaill (L]
dalla slie aladiuly clul Ho cyal | Jaxal) dilaie (e (AU diad) 38T (86 (585 Ladie
Al (sl LEaY) il Aliles (ppanil) b Al 48 )l 6 G aa g5 ke ol
LES Endo ) Jall Ay e el A eLe Jai 6 g8l L A HLEaY) JLeS)
AUl ) jamisal) 2o gdelu 22 — 20 2l dysiada 2 |5 -/+ 35 dic sl

Atypical e il sTypical

JOA A e ) yanivns 0 Y (S5 Ao 5181 Ly SIS0 el sl Crcana Jial) iy

Y STy 0 sh sl L S Aaliaall (g AN L Sl i Jil) Ay (53 g sall ) ), Jail
O I8 sans . damall 3 SLEAYY o) jal 6 o I Ll g ) Lgild oo Lgliss
gLl ol dalall 3kl g Ll o o (Saall (g0 Jamall el gam g a3 diiall LAY 5k
L S5 (il ) ALl 5 1)

<l gl 1

ol 848 gale g daine dpala ) ol Ailiall e pall AaSan Aadly (5 5 (Gl
Sl

iy 5 Juiys Jfise J5aS)  Aine ol 13 Clligal) (s i) B g Ban g
L (o IS 13 Lot dlay Y (sl 8 Ll Sy i analla ) b 0 oS30
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CSars . Sl Ll e b1 el b Eamdiy (5l A latiad (S
A5 Al 21385y il s

JRil Ay N gall | 2
M-Endo methods . 1.2

¢« 5w WS M-Endo 4wy 1 M-Endo preservative medium .1.1.2
Y s goall g5 al s 3,48 ol Ay ez 0 45 s I ey ey
alle Joga s 4230 8 Ledaial 53 pia Bkl A JL 7 =5 e 55 lus LA
Acls 96 s Leia Jantivg

elall (3o daeS o ga Ol s yual ya 12 Q3 : Clgihaggadsaa 2 01 .2
zad il ol DS Y aie JL 100 ) LelS)s Reagent-grade water
opand e ) sed 6 2 Jexin V5 05 S 22 SUie =d e BB

M- 4 ) 2l 6lSs ol L sl Cyclohexamide asebuSaglSow 3.1 . 2
Ssic Alla L85 yedlly jhaill (e aldill Ciliay s ol 5 3l Leall Cileadl Endlo
Jstae 035 Al Ge Jle 100/p20 50 @8 52 2uebiSa sISoul) Coual dpall Ll o

0363 6 2 Al e paldly 5 AU 8 aelua SISl

M-ST method .2 .2

M-ST holding medium

Sodium dihydrogen phosphate .............cccoviiiiii i, el 1
Dipotassium hydrogen phosphate ........c.ccccceviviiiiiiiinenne, a3
Sulfanilamid ... ol
Ethanol 95% ..ot J«10
Trisaminomethane ..o e, al a3
Reagent-grade Water..........covviieiiiiiii e e e e e, g1
B
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el pH L A5 121 2ic 4883 15 50l CMS 5 V) B aie | elall Ll oSl
Absorbent pad el salu sl e Je 2 adl s £ 55 .2 -/+ 8,6 OsS Of e
Acls 96 530 4220l b Lehada (S

a3, jhal)

Selected coliform holding 4w Ll g alza (ada 8 Acdaal) Aalal) 32l gl aua
med.

Gl 5 Aaull Aasiiall galus gl prdas e aum gy g e il oLl amy =i grll el J) 3
Loy i aladinly Gudall (Ble aSay doala 1) GLLY) aladiul Alla 8y | AlSal Caall
CJalaill Jarall (A Qs 55 aSaa (§ 520 A Lgraia g g SLDU) 1 Sulall Jus (3o
s G (g gn Aol 72 Ll Jaai Of (S

M-Endo or Ay o aum gy s il elie xd g Janal) ) GLLY) Jea g an
Aclu 22 — 20 33 4y s da yo 55 -+ 35 e masi s LES-Endo

Jamgdagiill Cuaal | Jendll 3 la s G5 dlgd gm0 g cAipal) 32T g Jas
Janall b Al L) U e sall )

-97 -



WWM-gtz oaaall o peall 5 oluall o ol zali MG el pall-sbaall Lia ol s 5 Ssa

P

G0l ¢y oh $R1 Ly Sy i) e ) At A8y sk
Fecal Coliform Membrane Filter Procedure

Multiple-tube saaaial) i) alaiualy U ol o La s 43 all 5801 L 565
.Membrane filte technique zi il isieids b alaaiuls Sl procedure
oty Aol 24 saddygieda;n 2 o+ 445 da e Gpanil) g
elall 33830 ye @litndl ST A Lga s o 3L Y Gl Aa ol el die Guasl)

(s Ailiaa A0 aladiul Sy slall s cand (LY uan s e ales adiig g
Aald) el syl

g Adng dsall | 1
M-FC medium . 1.1

LallS Lgil € (e Al juuzan I sl W 5 alad) Al jucasiill 3 andiiay
PGS ) S 5 Lyl 3 5l daull aa

Tryptose or BioSate ........c.ovvvviiiiiiiiiii e, 10 ¢
Proteose peptone No. 3 or polypeptone ............ccevvvvnnnnn, 5 ¢
YEaSt EXIIACE ... . 3 40
Sodiumchloride ... 5 ¢
2 (0 (0 ] 125 ¢
Bile salt No, 3 or bile salt mixture ..................... ... 15 ¢
ANIINEDIUE ..o e 01g
Agar (0ptional) .......oeii i 15 ¢
Reagent-grade Water ..........ccoieieieiiiiiiiii e, 1 L
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)2 Rosalic acid % 1 Jslas (e Jle 10 4l ailicas el il ) Dl oSall Calisas
pnini ¥ Ay giada 2350 (e J ()2 Gl cfl A S agea Jlaysi 2
5406y e 12X 50 s ikl (3 Al ¢ 555 Jlal) aadial 13 SIS 53 5Y) A Al
o Al L haaai Al Al | 2 -+ 7,4 Sl pH L il e yii g Je 7 —
96 2m Alativua Lyl ALLal) A5l e galdy g édysha Il e Adailadall AaSae (LS
el ddla) s b ole gud s AL 2y Dl b Aol

(e il Jeny s (QC/QA ) Jsial) Sl Tl (5 e 20l e da g IS 88
bl S ey plél) Je 3 jariis 60 — 20 ard culia aas =3 05 E Ol 4o )
dga g ade 2SH dilide Ll Cline (e lgde Juania ST 5 Ol jertiins 10 (e (33
Os2 M-FC 44y adins cliell nlaaal False positive  dsiss e dulag) &l
b &b g Jalal) 138 5 4 5l Adlall e Jali @lla Gald of liie) ae Rosalic acid

.Storm water JLis) Al

Vnle s Ay dulag) de ) e aladiily ST 200 e Batch JS iy aladiu¥l J8
Jslae e Jle 30 =20 L mabs s il (e Al JS Al g Al (A& Sulill yiisg
ks alay 5 & ghilly 3 ) clipnll pilinl) Jagh o sli o gan s Al A 5 izl (ol
Slae

g

Culture dishes g3 @kl . 2 .1

(o8 il IS il s Bl G s 2 Y i (Bl i) S5l LYl 23
slall pdans iad ddpanty shial) die 253 Y s (3lal) aSae linBl (S

Incubator 4laall 3.1

pladiul | Gumadll 3 ) a aladial (e A 3ol o 88N L S sl 8 Gauaadl)
Aibasll G35 jall ciliyda Aa i JSUie bagle i 5 Lay ) pemntl) (8 400 g8 Ailias
o dibmall ) a8 il s il I Ailianl) ol 58 el al) QUG Jare Galisil
cai L sa (e alen) il Alian aladind b il ol J) sk Ld i dlee S
8l allisd Jall L () llan elaiy are (5 5 A pnd) 20l HLSAY) 13 dilly 4y
bl 4
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Procedure 48kl 2
A1 gl o8 VL Al o i) ALl JLSS) 12

e L Ao d @ K3 jariinn 60 — 20 O e chary Jlisall aaall
Al

TusLe 922201 Succesten Sampres Vorumes For Meverane Frer Fecar, Covror Thet

Yolume (X) To Be Filered
nl

Water Source A A S| |1 R 11

Lakes, reservoir X
Wells, springs X
Water supply iniake

Natural bhing waters

Swage treatment plant X
Farm ponds, rivrs

Stormwater runoff

Raw municipal sewage

Feedlt runoff

Sewage shudge

Bt e b e Dt
St e B e
Dt et Dt Dot et
St

MUS&QJMJQM*’T?JMEJQC_&J‘MJJ&AJLQM \MUSUJSJLALG
OliseS il 5 Sl e Jsine 2o ey of a8 giad) aaall s Casdidll caval e (Say
LU anall Calaual 3 580 5 e Jiad (Al
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el cilda LiaY) 5 43 k) i ol Filtration of sample 4l gadsi, 2 | 2
S 55180 L 0 LRyl e

&K 34l sl s aa Preparation of culture dish g8 (b jsass 3,2

zeed i o3 Al ilal) ddian A8 lay puia  (M-FC) A (e Jle 2 (M s Lgaai g (e

) Jlexid Sy Uinse Lol liiall cillaliia V1 3851 o 5ol o)) e A&y digal)
Aualall 30l ol e Yy HlaW Ll Calizadl)

Adle ) g olall Mia je ity GaS (S 3LbY) a8 Incubation x| 4 2
24 53 4y s da 50 2 o/+ 44,5 dic Sl sleall i elal) mhaws iad Cany g a8l
el i) (e 4885 30 JA Aerinall (L) S auday o) Aol 2 -/+

(e dilide a0 MEM-FC - 4 ey 5l o518 L S Counting . 5. 2
i panionn o Qi S —(salay O 2B A 31 sl 018 LS L 55Y) o)
Axdiyall Gzl 3 )l ja o M-FC 45 o 655 s 450 o ) o6l sl Ly iS5
Binocular wide alaaiul 15- 10 uSis 8 2l Jeaind j Rosalic acid 25255
field

el yamiese Al 5 AU o8 3 Ol jeieaall e 383 Verification @8adll | 6 . 2
el s Al Atypical aallia

2l Jladdl 8 ¢l parisal) dae coval A3 all Aad ol g U i<l A3US s 7, 2
20 AN (o1l L S Alls 8 Len - sanaal) Mae Y JaaBl 5 8 jenins 60 — 20
M-FC 4y e Ldal) aan Sl el aa 12580 —
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431 el A5 g8 6B Ly S cppaatl) AL

Delayed-Incubation Fecal Coliform Procedure

pae Ala & Jarind HTotal coliform AN Ay o gall L Sl 48 jlal dgLie 44, Hhal)
e ) aiaes 4l Ld ey Lald Als llin IS I3 f Jaall 8 L) Jee (Sl
el ¥ derdl MW du iy M-ST Ay e il gy g diall el 55 jeniunall
24 32454 0 2 [+ 445 e Gpaaill g M-FC o dan JI el Jasy jlaay)
s o Bt M-ST &g, A1 ) A 51 g8l Ly S ol peatine 2235 de b 2 -/+
Lt san i Of (a5 yaninnal) (0 655 gills Led mans g 4 51 yall A o1 811 1y
a5l 5 oL 3 el Al s e

M-FC &l Gl la S5 Gl Zunall il gladll s I3 3ay 0 shdl en
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Gl S g 4 1) dgaad) Ly ) e sane

& gl LELESS 4 gral

FECAL STREPTOCOCCUS and ENTEROCOCCUS
GROUPS

Fecal Streptococcus Group 4sssed) b i) de gaxa ;Y

genus ¢ sl species  (ulia¥ (e 230 (e 05 4 el L) L S e sana
D Jie (1S S 5 s

S. faecium, S. avium, S. bovis, S. equinus, S. faecali
andS. gallinarum.

S e ldie &5 Lance field’s Group D antisera g dulay) dais asy (KU
.warm-blooded animals (sl aall Sila Ul gaal)

g5 caas

S. faecalis subspecies (variety) liquefaciens, and S. faecalis var.
zymogenes

o) aadl aall ) S Jalas g cpiSladl ) e g3 ey aa
.gastrointestinal tract sL=¥! s s3xall s fecal streptococci a5 S

S. faecalis and S. faecium & bV 8 4=5lall sl g
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O sl e lasa s paBia pe S, bovis, S. equines snd S. avium o4 Jiall
LSl eial (any | il gaad) )y 8 Adle AU o) sia (3555 Le Bale Ll (g a2 I
BRSPS PN PONST PRI PN RS TP REREEN pP RPWE R VERW
Aol L i) Guaia) e lalaie ) g3 all Gl jaae 48 55 (Sadll

Ce (e Sl A8 El 4y )l o 18 L S e g D)ol Aamand) L N Clardiul
Famand) L 1/ )l ol sl U S Al | bl andl @l Ul gl (pa
Fonal)l il 13 L a8 e el Coslll jaae G LeAs 84 (e ST oS5 ag ) Ll
Al Cua Jybod Jae duaill o8 o Je | edl e Eaghill jaae 56 7 e S8 Legin
S. bovis Of a3 ailise Survival 4 dased) LSl Qalial elas 3ae () oy jrall (1
S. faecalis and Ly 4ilall daull ) e 5 )8 e 4 s G and S. equinus
i eaall G pall ililie pelat Hil 8 SIS alyshsad 4a 35 S, faecium
e e Gl juae e 2 WY ey 28 Lee Sl G g G 4l @l e

O axid Jise dele (5 AV (o dmad) L S e Ca3S A5 ph o ) Al

Al dagii shay Membrane Filter o) Wl 4uieY1 48 b e KF - 4y aladiul
Yl ey Loy asiall g Aallal badll s 806 90 — 10 (e e sl i ey Ao ala
bl A ) al) Apm 130 SN g a3l (0 sb g8 Ly S (g 5 Sl daail) MAH any
o) sl g adY gl s

Enterococcus Group 4xsaall g g Sl L il de gagea 1Ll

S. faecalis, S. (dadiis 4 )l sall 4paall L S e sane (0 4 sama Cnd (A
faecium, S. gallinarum, and S. avium

e s pH 9.6 e saidl ¢ plaka ke 99 6.5 253 5 8 sail o gt juia el o 3
Gl itall slae (& Sl (e JdaS a0l g 43510 45 ¢ 10 ol (Sa oy (e OIS
4l yiwY) da glaall) dadlall s &dal) alasina) ) 58 Jai s Recreational water

& o) 5 (Aallal) elall 8 JLe 100 / 35 ¢ 4xdall slaall 8 JLe 100 / 33 (o

8 bl Aot ange DA Gl el A JAY) e e dusedd Loy siall
alaaiuy)
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LAY Ay b Ll

Aallaal ol AL i) sl Alla 8 MPN (i Y) aall 4k sii
Gl slaall jlial 8 Ll Lllaind (S5 Sediments sl sl SIS K1

Aalldl

anllall 5 andall slaall Jilla 8 Liad aadins Membrane Filter o)Wl 4uie ¥ 45 )l

o)&d\d\.& al_;.d\idl;‘ssem\)uﬂ}

MPN (Awia¥) sl sl Multiple-Tube Technique saaiall qusli¥) 43, jha

Presumptive Test el sy

2 -[+ 24 3341 |5 -[+ 35 e (paaill - Azide dextrose broth 4w alasiul
48 A Gpaaill 3aa A\J‘SG)J\@J.&S&SA_UJY\ gl Ao lSe liial N aclu
lelu 3 -+ 4l

Confirmed Test sl Ly o

LY ) - Pfizer selective enterococcus (PSE) agar 4iw alaiuly
Al 24 32l 45 35 e cpand g 4 SUl Aol e Jalads Sl sl

o) G ey el o s alla 3 5m g an 2 901 sl () Allall gial) ) pantindl
Ly e il

45 Je ouasdll die saill s Brain Heart Infusion Broth + 6.5 % NaCl

Yl 23 (a5 eNtErococcus group ol (i <l jaxisall () e Jay 45 5
CSia) laae i dulayy)

SIMPN ) G ala V) i) e (o 431 A L S0 o8
100 / a1 3l o jan finsiil) ¢y 5855 4l L) e 4ydla) Ans e
e
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o JWAN Ap8 YY) ARy pha ;i

mE agar for enterococci 4

el 10 Q5w
el 15 p s s 2y 518
a1~ 30 o ypad (aliiing
el Ol sl
el .. (AmelasSan 5lSa) O s
e, 15 2l p s sea
2l 15 al
A Reagent grade «'p

Nalidixic el 0.25 Caliay g 43 530 4n )3 46 ) Al 2 )5 adalill 5 el 2ay
e a5 prall S 5 )l e il a8 aiay Coliay g el (e Jle 5 (8 l2e acid

Al i sl s Ll g cw (S (Jala |, 15cibay (6 pal dladl 4I3Y 5 e
Laind 7.14/- 0.2 0585 4iledll dm gaall ds jy oleatil ol i 55 jam 3Lk1
DLEAY Aallia Al 03 5, gl el rleai 5 4D Jals 2Dl L 4y gual) GlLLY)!
AsIlal g 4dall lasinal) olue
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EIA substrate e

Esculin 19
Ferric citrate 05¢g
Agar 15 ¢
Reagent grade water 1 liter

GBlbal (8 i g 4y 530 46 I 25 alad 5 4D (AL | sl Ji pH 7.1 +/- 0.2
e A dlering) (S5 40530 10 — 2 2ie 2Dl g Jaisd 5 caloal o i

m-Enterocccus agar for fecal streptococci e

Tryptone 20 g.
Yeast extract 54.
Glucose 24.
Dipotassium hydrogen phosphate 4q.
Sodium azide 04qg.
Triphenyl tetrazolium chloride (TTC) 0.1 g.
Agar log.
Reagent water 1 Liter

¢ il &y o paa Blabl 8¢ 58 ¢ QDS Y1 b ket Y ¢l Sl AAY (i
MM\}‘UM\{:M\ J&Y@@\b&jbﬁ&&h)@}hﬁy

Brain — heat infusion Broth e

Infusion of calf brain 200 g.
Infusion of beef heart 250 g.
Proteose peptone 10 g.
Sodium chloride 50.
Disodium hydrogen ohosphate 2.5 g.
Reagent grade water 1L
pdaill 2y pH 7.4
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Brain heart infusion agar e

Al ) 8 coead cadilid) Al ) lad Adlcaly jiass

Bile esculin agar e

Beef extract 39.
Peptone 54.
Oxgall 40 g.
Esculin 1g.
Ferric citrate 050¢.
Agar 15 g.
Reagent grade water 1L

alila s ) o Ao Caliaiil Alile pua g L 2ay 5 canlil i g 58l oSall LY iy
i sl o ¥ (s 4883 15 (g asadll 330 3 5 Y Ll (8 Leasinl 2ay Lam (S
Aisie 10-4 e Ldaty | 2-/+ 6.6 miadl) axy 00 A seall) 5
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1A%y yhat)
mE method

60 — 20) 4l mhaus ) iy s membrane filter OO i s Aiall aan s,
48 22 Ax ) Caal o[+ 4] da 0 e easy (Membrane e e o jenie
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LAB 3: OBTAINING PURE CULTURES
FROM A MIXED POPULATION

DISCUSSION

As stated in Lab 2, microorganisms exist in nature as mixed populations. However,
to study microorganisms in the laboratory we must have them in the form of a pure
culture, that is, one in which all organisms are descendants of the same organism.

Two major steps are involved in obtaining pure cultures from a mixed population:

1. First, the mixture must be diluted until the various individual microorganisms
become separated far enough apart on an agar surface that after incubation they
form visible colonies isolated from the colonies of other microorganisms. This
plate is called an isolation plate.

2. Then, an isolated colony can be aseptically **picked off** the isolation plate (see
Fig. 1) and transferred to new sterile medium (see Fig. 3). After incubation, all
organisms in the new culture will be descendants of the same organism, that is, a
pure culture.

Animation showing a portion of a single colony being "picked off."

A. STREAK PLATE METHOD OF ISOLATION

The most common way of separating bacterial cells on the agar surface to obtain
isolated colonies is the streak plate method we used in Lab 2 to inoculate a petri
plate. It provides a simple and rapid method of diluting the sample by mechanical
means. As the loop is streaked across the agar surface, more and more bacteria are
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rubbed off until individual separated organisms are deposited on the agar. After
incubation, the area at the beginning of the streak pattern will show confluent
growth, while the area near the end of the pattern should show discrete colonies (see
Fig. 2).

B. THE POUR PLATE AND SPIN PLATE METHODS OF ISOLATION

Another method of separating bacteria is the pour plate method. With the pour
plate method, the bacteria are mixed with melted agar until evenly distributed and
separated throughout the liquid. The melted agar is then poured into an empty plate
and allowed to solidify. After incubation, discrete bacterial colonies can then be
found growing both on the agar and in the agar.

The spin plate method involves diluting the bacterial sample in tubes of sterile
water, saline, or broth. Small samples of the diluted bacteria are then pipetted onto
the surface of agar plates. A sterile, bent-glass rod is then used to spread the
bacteria evenly over the entire agar surface (see Fig. 4) in order to see isolated
colonies (see Fig. 5). In Lab 4 we will use this technique as part of the plate count
method of enumerating bacteria.

C. USE OF SPECIALIZED MEDIA

To supplement mechanical techniques of isolation such as the streak plate method,
many special-purpose media are available to the microbiologist to aid in the
isolation and identification of specific microorganisms. These special purpose
media fall into four groups: selective media, differential media, enrichment media,
and combination selective and differential media.


http://student.ccbcmd.edu/courses/bio141/labmanua/lab3/mixecml.html
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1. Selective media

A selective medium has agents added which will inhibit the growth of one group
of organisms while permitting the growth of another. For example, Columbia
CNA agar has the antibiotics colistin and nalidixic acid added which inhibit the
growth of gram-negative bacteria but not the growth of gram-positives. It is,
therefore, said to be selective for gram-positive organisms, and would be useful in
separating a mixture of gram-positive and gram-negative bacteria.

2. Differential media

A differential medium contains additives that cause an observable color change in
the medium when a particular chemical reaction occurs. They are useful in
differentiating bacteria according to some biochemical characteristic. In other
words, they indicate whether or not a certain organism can carry out a specific
biochemical reaction during its normal metabolism. Many such media will be used
in future labs to aid in the identification of microorganisms.

3. Enrichment media

An enrichment medium contains additives that enhance the growth of certain
organisms. This is useful when the organism you wish to culture is present in
relatively small numbers compared to the other organisms growing in the mixture.

4. Combination selective and differential media

A combination selective and differential medium permits the growth of one group
of organisms while inhibiting the growth of another. In addition, it differentiates
those organisms that grow based on whether they can carry out particular
chemical reactions. For example, Eosin Methylene Blue (EMB) agar is selective
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for gram-negative bacteria. The dyes eosin Y and methylene blue found in the
medium inhibit the growth of gram-positive bacteria but not the growth of gram-
negatives. In addition, it is useful in differentiating the various gram-negative
enteric bacilli belonging to the bacterial family Enterobacteriaceae (see Labs 12 &
13). The appearance of typical members of this bacterial family on EMB agar is as
follows:

« Escherichia coli: large, blue-black colonies with a green metallic sheen
. Enterobacter and Klebsiella: large, mucoid, pink to purple colonies with no
metallic sheen

. Salmonella and Shigella and Proteus: large, colorless colonies
« Shigella: colorless to pink colonies

The color changes in the colonies are a result of bacterial fermentation of the sugar
lactose while colorless colonies indicate lactose non-fermenters. Fermentation
reactions will be discussed in more detail in Lab 8.

There are literally hundreds of special-purpose media available to the
microbiologist. Today we will combine both a mechanical isolation technique (the
streak plate) with selective and selective-differential media to obtain pure cultures
from a mixture of bacteria. In future labs, such as 12 - 16, which deal with the
isolation and identification of pathogenic bacteria, we will use many additional
special-purpose media.

Return to Menu for Lab 3
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MEDIA

One plate of each of the following media: Trypticase Soy agar, Columbia CNA
agar, and EMB agar.

ORGANISMS

A broth culture containing a mixture of one of the following gram-positive bacteria
and one of the following gram-negative bacteria:

« Possible gram-positive bacteria:

o Micrococcus luteus. A gram-positive coccus with a tetrad or a sarcina
arrangement; produces circular, convex colonies with a yellow, water-
insoluble pigment on Trypticase Soy agar.

= Micrococcus luteus growing on TSA
= Close up of Micrococcus luteus growing on TSA

o Staphylococcus epidermidis. A gram-positive coccus with a
staphylococcus arrangement; produces circular, convex, non-
pigmented colonies on Trypticase Soy agar.

- Staphylococcus epidermidis growing on TSA
= Close up of Staphylococcus epidermidis growing on TSA
« Possible gram-negative bacteria:

o Escherichia coli. A gram-negative bacillus; produces irregular, raised,
non-pigmented colonies on Trypticase Soy agar.

= Escherichia coli growing on TSA

o Enterobacter aerogenes. A gram-negative bacillus; produces irregular
raised, non-pigmented, possibly mucoid colonies on Trypticase Soy

agar.
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= Enterobacter aerogenes growing on TSA

During the next three labs you will attempt to obtain pure cultures of each organism
in your mixture and determine which two bacteria you have. Today you will try to
separate the bacteria in the mixture in order to obtain isolated colonies; next lab
you will identify the two bacteria in your mixture and pick off single isolated
colonies of each of the two bacteria in order to get a pure culture of each. The
following lab you will prepare microscopy slides of each of the two pure cultures to
determine if they are indeed pure.

PROCEDURE (to be done in pairs)

1. First attempt to obtain isolated colonies of the two organisms in your mixture by
using mechanical methods on an all-purpose growth medium, Trypticase Soy agar.
Streak the mixture on a plate of Trypticase Soy agar using one of the two streaking
patterns illustrated in Lab 2, Fig. 4 and Fig. 5.

Animation showing how to streak an agar plate for isolation.

2. Streak the same mixture for isolation (see Fig. 4 and Fig. 5) on a plate of
Columbia CNA agar (selective for gram-positive bacteria).

« Micrococcus luteus growing on Columbia CNA agar.
 Staphylococcus epidermidis growing on Columbia CNA agar.
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3. Streak the same mixture for isolation (see Fig. 4 and Fig. 5) on a plate of EMB
agar (selective for gram-negative bacteria and differential for certain members of
the bacterial family Enterobacteriaceae).

« Escherichia coli growing on EMB agar.
. Enterobacter aerogenes growing on EMB agar.

4. Incubate the three plates at 37°C until the next lab period.

Trypticase Soy agar

Observations
Conclusions
Columbia CNA agar
Observations
Conclusions

EMB agar
Observations
Conclusions
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Return to Menu for Lab 3

RESULTS

1. Observe isolated colonies on the plates of Trypticase Soy agar, Columbia CNA
agar, and EMB agar. Record your observations and conclusions.

2. Using any of the three plates, pick off a single isolated colony of each of the two
organisms in your original mixture and aseptically transfer them to separate
plates of Trypticase Soy agar (see Fig. 3). When picking off single colonies,
remove the top portion of the colony without touching the agar surface itself to
avoid picking up any inhibited bacteria from the surface of the agar. Use your
regular plate-streaking pattern to inoculate these plates and incubate at 37°C until
the next lab period. These will be your pure cultures for Lab 5 (Direct and Indirect
stains).

Animation showing a portion of a single colony being "picked off."
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PERFORMANCE OBJECTIVES FOR LAB 3
After completing this lab, we will be able to complete the following objectives:
DISCUSSION

1. Given a mixture of a gram-positive and a gram-negative bacterium and
plates of of Columbia CNA, EMB, and Trypticase Soy agar, describe the
steps you would take to eventually obtain pure cultures of each organism.

2. Define: selective medium, differential medium, enrichment medium, and
combination selective-differential medium.

3. State the usefulness of Columbia CNA agar and EMB agar.

4. Describe how each of the following would appear when grown on EMB
agar:

a.Escherichia coli

b. Enterobacter aerogenes
c. Salmonella

PROCEDURE

1. Using the streak plate method of isolation, obtain isolated colonies from a
mixture of microorganisms.

2. Pick off isolated colonies of microorganisms growing on a streak plate and
aseptically transfer them to sterile media to obtain pure cultures.

RESULTS

1. When given a plate of Columbia CNA agar or EMB agar showing discrete
colonies, correctly interpret the results.
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John L's Bacteriology Pages >
Selected General Topics > Dilution Theory:

Dilution Theory — Page 2:
Dilution Theory per se: Supplementary Pages:
« Page 1 — Dilution Plating * Five-Tube MPN Table
* Page 2 — More Dilution Plating |+ Practice Set 1 (Plating)
« Page 3 — The MPN Method * Practice Set 2 (Plating&MPN)

More Dilution Plating

A quick review of highlights from the previous page ("Dilution Theory—Page 1"):

« Inoculating plates from increasing dilutions (decreasing concentrations) of a sample is
equivalent to plating successively smaller amounts of the sample.

e We treat the units grams and milliliters as equivalents. This is done for convenience.
One ml of water does indeed weigh one gram and vice versa. In real life however, the
same may not apply to other things — especially solid samples.

e We need to have "countable” plates — having preferably between 30 and 300 colonies.

On this page:

« Inoculating other than 1.0 ml into/onto our plates.

e Using handy dilution formulas which introduce the terms "plated dilution" and
"dilution factor." We note the fact that the actual amount of original, undiluted
sample plated is the "plated dilution™ and vice-versa.

e Checking your answer!

When we inoculate plates already containing medium (the usual case in our lab courses), we find
that it would take too long for a one ml inoculum to soak into the medium. So, we generally plate
0.1 ml from each dilution made. For each plate, you can readily see that we are then inoculating
one-tenth the number of CFUs there would have been in a one ml inoculum.

In the following diagram, we have built on the last illustrated example given on Page 1 by
adding inoculations of 0.1 ml from each of the dilutions into respective plates. (The numbers of
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colonies in parentheses are either "too many" or "too few" for counting — remembering our "30-
300 rule" above.)

™ T 1.]
| 1] 1 i
LAKE
"'o,.}g';:ao Q! ICO:U(: wl ,é:\o;,
?qn-.l pre~t /F"“"
10°
2 }_‘.*.%/ : :
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0° 10+« 10 10*%: 10 10« 10"

19,00_0)(1009) 1000\ 100 100 10 io one
colomer/ \cHonver colorets colomir colonitr O‘O-'Qr) |0~'u) (col~y>

Instead of the letters we labeled our plates with previously, we have labeled each plate with the
dilution it represents — as if one ml had been inoculated from that dilution. For example, a plate
inoculated with one ml of a 10 2 dilution would have the same label (1072 as a plate inoculated
with 0.1 ml of a 10* dilution, as they are equivalent plates. This value (10 %) has been
traditionally called the "plated dilution.” (A more fitting term we have come up with — and may
officially substitute some day — is "virtual dilution™!)

Remembering our discussion on Page 1, you can see that the value of the "plated (virtual)
dilution” is equivalent to the actual amount (in ml or g) of undiluted sample that is being plated
out. For example, a plate labeled 102" represents 10 > ml or gram of sample being inoculated
onto the plate.

A quick example problem: Suppose you inoculate a plate with 0.1 ml of a 10* dilution of a
sample of milk. After incubation, you find that 80 colonies have arisen on the plate. How may
CFUs were there per ml of the milk?
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Solution: As plating 0.1 ml of a 107 dilution is the equivalent of plating 1 ml of a 107
dilution which is in turn equivalent to plating 1072 ml of the original, undiluted sample of
milk, then you could say that there would have been 80 CFUs per 102 ml of the sample, and
— proportionately — there would have been 10% times as many CFUs (i.e., 8000 or 8.0 X 10%)
per ml of the undiluted milk sample.

Looking at the problem this way:
IF 80 colonies arise from plating 0.01 ml of the milk,
THEN there were 8.0 X 10® CFUs per one ml of the milk.

From the foregoing explanation and examples, one can figure out the concentration of CFUs
(i.e., the number of CFUs per ml or gram of the sample) in any dilution and plating problem
— by knowing just three things about our setup and results:

e The COLONY COUNT
e The AMOUNT INOCULATED into the plate that was counted
e The DILUTION OF THE SAMPLE from which the inoculation was made

Often it is handy to utilize formulas to work out dilution problems. In Bacteriology 10, we show
continuously that the following set of formulas always work (if they are used properly). We could
use one “universal” formula, but we have traditionally used these: the first (already used above) to
find what portion of our sample is being analyzed (expressed as our so-called plated or virtual
dilution) and the second to inflate our colony count proportionately, resulting in the number of
CFUs that were in one gram or ml of the original, undiluted sample. (Don't just take our word for
it. Spend a little time here and see how ultimately we can always come up with the number of
CFUs per one ml or one gram of the undiluted sample.)
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dilutions made X amount inoculated = 'plated dilution"
dilution factor # CFUs/ml(or gram)
(simply the inverse of X # colonies = of the original

the plated dilution) undiluted sample

SOME EXAMPLES:

I.  The following is a sample problem from Bacteriology 102 worked out with the
formulas: One ml of a bacterial culture was pipetted into a 9 ml dilution blank. One-tenth
ml of this dilution was pipetted into a 9.9 ml dilution blank. From this dilution, one-tenth
ml was plated with 25 ml of culture medium. 220 colonies arose after incubation. How
many colony-forming units were present per ml of the original culture? (Does the amount
of medium in the plate matter in the calculations?)

™ O.lml

dilutions amount
made inoculated

1/10 X 1/100 X 1/10

"plated dilution™

1/10,000 or 10°*

# CFUs/ml
2.2 X 10°

dilution factor X # colonies
10* X 220

9.9
ml
o.!
i
of +he
owr

+vbe 20
Colonres

You can also look at the problem this way: If 220 colonies arose from plating (the equivalent of)
104 ml of the culture, then (proportionally) there would have been 220 X 10* or 2.2 X 10° CFUs
per one ml of the culture. This is the reasoning behind the second of the two dilution
formulas.

-14 -



WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

When checking your answer, which you can always do as follows for such problems:
Start with the sample which you have determined to contain 2.2 X 10° CFUs per ml.
Then, see if you wind up with the stated number of colonies on the plate, after making the
specified dilutions in which the number of CFUs per ml is sequentially reduced.

o The first, 1/10 dilution contains 2.2 X 10° CFUs per ml.
o The second, 1/100 dilution contains 2.2 X 10° CFUs per ml.
o As 0.1 ml of the second dilution was inoculated into the plate, we

would expect the number of CFUs in the inoculum to then be 2.2 X 10°
which is 220, the number of colonies we counted on the plate.

Here is a problem where we start out with something other than 1 ml or 1 gram of
sample being diluted: Five ml of milk were pipetted into 45 ml of diluent. One ml of this
dilution was pipetted into 9 ml of diluent. From this dilution, 0.1 ml was plated. After
incubation, 180 colonies were counted. Determine the number of colony-forming units per
ml of the original milk sample.

A 1/10 dilution is achieved when 5 ml of sample are added to 45 ml of diluent. Remember
that a 1/10 dilution can be made in a variety of ways — as long as there is one part of
sample added to 9 parts of diluent. Even if we had a dilution we could not so reduce —
e.g., something like 3 grams of hamburger added to 80 ml of diluent which would result
in a 3/83 dilution — we can still simply "plug it into™ the formula and we could wind up
with the answer. And remember that the formulas will always give the answer as no. of
CFUs per one ml (or one gram) no matter what amount we start with. Wouldn't this
problem have the same answer if we had put 1 ml of milk into 9 ml of diluent?
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dilutions amount
| 4 S~ shad J’ _ = "plated dilution™

made inoculated

'-I".i B 1/10 X 1/10 X 1/10 = 1/1000 or 10°®

-~

il o

€ach 13 "/to ; A ;

dilution of dilution factor X # colonies = # CFUs/ml

+He previovs| [ 3 5

dilvtien J130cslemies 10 X 180 =1.8X10

As for the above problem, you can look at this one as follows: If 180 colonies arose from
plating (the equivalent of) 10~ ml of the milk, then (proportionally) there would have
been 180 X 10° or 1.8 X 10° CFUs per one ml of the original, undiluted milk sample.

For a problem presented on the previous page (as no. I11) in which no dilutions were
made, we can still work it out with the formulas: Five ml of an undiluted spring water
sample were added to a petri dish to which 15 ml of melted Plate Count Agar were then
added. Fifty colonies were counted after incubation. How many CFUs were present per ml
of the original, undiluted spring water sample?

dilutions amount o
. = "plated dilution™
made inoculated
1 X5 =5
dilution factor X # colonies = # CFUs/ml
1/5 X 50 =10

Note that when there are no dilutions, we indicate "1" — not zero! — for the dilutions made.
As always, the "dilution factor" is the inverse of the so-called "plated dilution™ (according
to how we defined our terms), and the "plated dilution” always represents the amount of
sample being plated.
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John L's Bacteriology Pages >

Dilution Selected General Topics > Dilution Theory:
Theory / Supp|ementary Pages: Dilution Theory per se: Supplementary Pages:
« Page 1 — Dilution Plating « Five-Tube MPN Table
. * Page 2 — More Dilution Plating |+ Practice Set 1 (Platin
A Five-Tube MPN Table 9 . i

* Page 3 — The MPN Method * Practice Set 2 (Plating&MPN)

At the right is a 5-tube MPN table, taken from the No. of Tubes Positive MPN in the
Standard Methods for the Examination of Water and i, inoculum of
Wastewater, 15th edition (1980) and adapted for use to first |middle st the
determine the most probable number of positive ot lset ot middle set of
organisms per inoculum of the middle set of tubes. The b
same rules apply as previously stated in that the actual 0 0 0 0.0
amount of sample inoculum decreases ten-fold with each |0 0 1 0.02
succeeding set of tubes — which can be accomplished by 0 1 0 0.02
(for example) making one ml inoculations from
. . . . . 0 2 0 0.04
decimally-increasing dilutions as in the following
1 0 1 0.04
As an example problem: Suppose 5 tubes of an all-
. . i L, 1 1 0 0.04
purpose medium are each inoculated with 1 ml of a 10
dilution of a water sample, and 5 more are likewise 1 1 1 0.06
inoculated from a 10~ dilution as are 5 more froma 10* |1 2 0 [0.06
dilution. If the results show 5 positives for the first set of |, 0 0 0.05
tubes, 3 for the second and 1 for the last, the 5-3-1 > > . T
combination matches with the MPN value of 1.1 which, '
according to the table, means that there would be (on the 2 1 0 0.07
average) approximately 1.1 positive organisms per ml of 2 1 1 0.09
the 1072 dilution. Therefore, the number per ml of the 2 2 0 0.09
original, undiluted water sample would be 1.1 X 10°,
2 3 0 0.12

Remember that such a value is really a rough estimate.
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Lower and upper 95% confidence limits listed for each
combination of positive results in Standard Methods can
be different by ten-fold or more.

0.08
0.11
0.11
0.14
0.14
0.17
0.13
0.17
0.17
0.21
0.26
0.22
0.26
0.27
0.33
0.34
0.23
0.31
0.43
0.33
0.46
0.63
0.49
0.7

0.94

Quantum theory might explain it,

but I'd like a third opinion.

© 2000, John Lindquist

Return to the Main MPN Page.
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John Lindquist: new homepage, complete site outline.
Department of Bacteriology, U.W.-Madison

o g o o] gl o gl gl o &R RN NN A N 0 W W w W w
NN N P PP O O O M W w NN PP PR O O N N PP o o
N R o N R o N R o o ROl kol N R o ROl RO R O | O

-18-


http://www.jlindquist.net/generalmicro/102dil3.html
http://www.jlindquist.com/homepage.html
http://www.jlindquist.com/siteoutline.html
http://www.bact.wisc.edu/

WWM-gtz oaaall G jeall g slaal o )l i 5 M) el sal-olsall Lim o) 55 S0

5 3 0 0.79
5 3 1 1.1
5 3 2 1.4
5 3 3 1.8
5 4 0 1.3
5 4 1 1.7
5 4 2 2.2
5 4 3 2.8
5 4 4 3.5
5 5 0 2.4
5) 5) 1 3.5
5 5 2 5.4
5) 5) 3 9.2
5 5 4 16
5 5 5 »24

= USGS

science for 8 changing wordd

Water Resources--Office of Water Quality

This document is also available in pdf format:

Ch7_1.3.pdf

-19-


http://water.usgs.gov/owq/FieldManual/Chapter7-Archive/Chapter7.1/Ch7_1.3.pdf

WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

7.1.3
IDENTIFICATION AND ENUMERATION METHODS

The membrane filtration (MF) and most probable number (MPN) methods are used for the
presumptive identification, confirmation, and enumeration of indicator bacteria. For general use,
the MF method is preferable to the MPN method. The MPN method is preferred if toxic
substances are present in the sample or if, after filtration, a residue heavy enough to block the
micropores of the membrane filter is visible. The MPN method is described in Standard Methods
for the Examination of Water and Wastewater, 18th edition (American Public Health Association
and others, 1992, p. 9-45 to 9-53) and in Britton and Greeson (1989). Procedures for analyzing
water samples by use of MF methods are described below.

Indicator bacteria for presumptive identification and enumeration are cultured on selective media
after filtration of several different sample volumes onto gridded membrane filters. Detailed
confirmation, identification, and enumeration of these bacteria require additional culturing and
biochemical testing, the details of which are beyond the scope of this manual. However,
additional confirmation procedures are needed under certain circumstances, such as use of the
data in support of environmental regulation and enforcement.

The fecal indicator bacteria are operationally defined by the method employed for identification
and enumeration, as follows:

» The total coliform bacteria are defined as the organisms that produce red colonies
with a golden-green metallic sheen within 24 + 2 hours when incubated at 35.0 +
0.5°C on m-Endo medium.

» The fecal coliform bacteria are defined as the organisms that produce blue colonies
in whole or part within 24 + 2 hours when incubated at 44.5 + 0.2°C on m-FC
medium.

» E. coli are defined as the organisms that produce yellow or yellow-brown colonies
that remain so when placed on a filter pad saturated with urea substrate broth for 15
minutes after rescusitation at 35.0 £ 0.5°C for 2 hours and incubation for 22 to 24
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hours at 44.5 + 0.2°C on m-TEC medium.

» E. coli are defined as the organisms that produce a blue fluorescent margin around a
darker colony center within 4 hours when incubated at 35 + 0.5°C on NA-MUG
medium after primary culturing as total coliform bacteria on m-Endo medium.

» The fecal streptococci are defined as the organisms that produce red or pink colonies
within 48 + 2 hours when incubated at 35.0 = 0.5°C on KF medium.

» Enterococci are defined as the organisms that produce pink to red colonies with a
black or reddish-brown precipitate after primary culture for 48 to 50 hours at 41.0 £
0.5°C on m-E medium followed by incubation for 20 minutes at 41.0°C on EIA
medium.
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7.13.A
PREPARATION OF MEDIA AND REAGENTS

MF analysis requires the use of several types of media and reagents, the types being dependent on
the indicator. The necessary media and reagents include sterile buffered water, agar- or broth-
based selective and differential growth media, and media and reagents for additional biochemical
identification.

Sterile buffered water (buffer) is used to dilute samples and to rinse the membrane-filtration
apparatus and utensils. Purchase sterile buffered water from the Quality of Water Service
Unit (QWSU). It is provided in 250-mL bottles and in 99-mL dilution bottles. There are two
types: phosphate buffer to be used for total and fecal coliform, and fecal streptococci tests; and
saline buffer to be used for E. coli and enterococci tests. Buffer exceeding the expiration date
should not be used. When sterile buffered water is not obtained from the QWSU, it can be
prepared ahead of time and sterilized by autoclaving. Preparation instructions for sterile buffered
water are described in Britton and Greeson (1989, p. 18) and Standard Methods for the
Examination of Water and Wastewater (American Public Health Association and others, 1992, p.
9-17).
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Culture media for enumeration of fecal indicator bacteria should be purchased in Kits from
the QWSU. The QWSU provides instructions for media preparation with each kit. Otherwise,
dehydrated media can be purchased from scientific suppliers. Guidelines for storage of media and
reagents are as follows:

» Store media kit (supplied by QWSU) and dehydrated, commercially prepared media
in a desiccator. Store other reagents in a dust-free laboratory cabinet (not in a field
vehicle).

» Label all media with the date received, date opened, and preparer's initials. Discard
media and reagents with an expired shelf life.

» Refrigerate reagents when necessary. Use buffered dilution water immediately after
opening; discard any remainder. Storing an opened bottle is not recommended.

» Mark all plates to identify the media type, the preparation date, and the preparer.

» Store prepared petri dishes upside down in a plastic bag before use and refrigerate.

7.1.3.B
PREPARATION, HOLDING TIMES, AND SPECIFICATIONS FOR
CULTURE MEDIA

The preparation of selective and differential culture media for indicator bacteria is an important
part of analysis. Adhering to proper preparation, storage, and holding-time requirements will help
ensure the quality of the analysis. Instructions for the preparation of 100 mL of primary culture
media for five MF tests and additional confirmation media or broth for three MF confirmation
tests are described in section 7.1.5, entitled "Instructions for Media Preparation.”

Quality control. Supplies of dehydrated media purchased from the QWSU or through catalogs
have been quality-control tested. Media prepared fresh by the analyst must also be quality-control
tested. If sterile buffered water is prepared in the laboratory, quality-control procedures must be
used to ensure it will provide a suitable medium for transfer of bacteria from samples to filters.
Sterile buffered water should be tested for sterility by use of blanks of 100 mL, processed
along with each set of samples. Quality-control procedures applicable to microbiological testing
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can be found in the 18th edition of "Standard Methods for the Examination of Water and
Wastewater" (American Public Health Association and others, 1992, p. 9-7 to 9-13).

7.13.C
MEMBRANE FILTRATION PROCEDURE

After collecting the sample and selecting the appropriate sample volumes, label the petri dishes
with the station number (or other identifiers), the volume of sample filtered, date, and time. Select
those sample volumes that are anticipated to yield one or two plates in the ideal colony count
range. General information on the concentrations of fecal indicator bacteria in surface water and
contaminated surface water is given in table 7.1-1.

A suitable work area inside the field vehicle and out of direct sunlight and wind is best.

» Before and after processing the samples, clean countertops in field vehicles with an
antibacterial cleaning solution; for example, a 7-percent phenolic solution, 50 to 70
percent isopropyl or ethyl alcohol; 5 percent bleach; or a 7-percent ammonia
solution.

» Preheat incubators for at least 2 hours before beginning analysis, according to
specifications for each test (table 7.1-5). Portable heater-block incubators must not
be left on in closed, unventilated vehicles when the outside temperature is less than
15°C or greater than 37°C.

Technical Note: Review past analyses for the site to help determine the number of sample volumes to be
filtered. Where past analyses of samples from a site have shown a small variation in the number of fecal
indicator bacteria, the filtration of as few as three or four different sample volumes may suffice. However,
where past analyses have shown the variation to be large or where the variation is not known, the filtration
of five or more different sample volumes is recommended.
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Table 7.1-5. Incubation times and temperatures for fecal indicator tests

[m-Endo, total coliform media; =, plus or minus; "C, degrees Celsius; NA-MUG, E. coli
confirmation media (nutrient agar-4-methylumbelliferyl-f-D-glucuronide; m-FC, fecal
coliform media; m-TEC, E. coli media; KF, fecal streptococcus media; m-E, enterococcus
media; EIA, enterococcus confirmation media)

Test (media) Incubation time and temperature

Total coliform bacteria (m-Enda) 24 = 2 hours at 35.0 = 0.57°C

Escherichia coli (NA-MUG) 4 hours at 35+ 0.5°C after primary culture on
m-Endo media

Fecal coliform bacteria {m-FC) 24 = 2 hours at 44.5 = 0.2°C

Escherichia coli (on urea substrate First resuscitate for 2 hours at 35.0 = 0.5°C, and

broth after primary culture on then incubate for 22 to 24 hours at 44.5 + 0.2°C

m-TEC media)

After 22 to 24 hours, transfer filter to urea substrate
broth for 15 to 20 minutes before counting

Fecal streptococci (KF media) 48 + 2 hours when incubated at 35.0 =« 0.5°C

Enterococc (m-E and EIA) 48 to 50 hours at 41.0 = 0.5°C on m-E medium.
Transfer filter to ElA medium for 20 minutes at
41.0°C before counting

The steps required for membrane filtration are depicted in figure 7.1-2 (pages 28 and 29) and
listed below. Quality-control samples must be collected as part of the filtration procedure (see
Technical Note, step 16).

Steps to follow when filtering samples and making colony counts are listed below (and
summarized in fig. 7.1-2):

1. Select sample volumes (table 7.1-6) to result in at least one filter having colonies in the

ideal counting range. The ideal range and number of sample volumes to filter depend on
the test and the expected bacterial concentrations. Record on the petri dish and on the
record sheet the site name, date, time of sample collection, and sample volume. Record the
time of sample processing on the record sheet. Also label equipment and procedure blanks
and other quality-control samples.
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2. Assemble filtration equipment by inserting the base of the filter-holder assembly into a
flask. Vacuum is supplied by use of a hand-held pump, vacuum, or battery-operated
peristaltic pump. If flame sterilization was used, rinse the inside of the filtration apparatus
with sterile buffered water to remove any residue of formaldehyde.

3. Sterilize stainless steel forceps by immersing tips in a small bottle or flask containing 70
or 90 percent ethanol; then pass forceps through the open flame of an alcohol burner.
Allow alcohol to burn out and allow the forceps to cool for several seconds to prevent heat
damage to the membrane filter. Resterilize forceps before each use. Return cooled forceps
to alcohol container between transfers. Do not set forceps on the countertop.
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Table 7.1-6. Recommended sample volumes for membrane filtration analyses
based on ideal colony count and concentration range

[=, less than; col/ 100 mL; colonies per 100 milliliters; mL, milliliters)

Ranges of observed fecal indicator concentrations
=1 o &0,000 =1 o §0.000 =1 o 200,000
calf 100 mL col 100 mL ool 100 mL
Ideal counting ranges for number of colonies per membrane filter
2060 colonies 20-80 colonies 20-100 colonies
Sample Added Sample Added Sample Added
wolurme as wvolurme as walume as
imL)’ imbLr? k! L fmLi? ki
100 100 100 100 100 100
30 a0 25 25 20 20
10 10 6.0 6.0 5.0 5.0
3.0 3.0 1.5 1.5 1.0 1.0
1.0 1.0 0.4 4.0 0.25 2.5
of 1:10 dilution of 1:10 dilution
0.3 3.0 0.1 10 0.05 E.0
aof 110 dilution of 1100 dilution of 1100 dilution
0.1 10
af 1:100 dilution

Tall sample volumas less than 1.0 mL reguira dilution in a 99-mL bottla.

E‘Samplu valumes smaller than those indicated may be neaded when bactenal concentrations are
greater than thase hsted

4. Remove the sterilized funnel from the filtration apparatus. Always hold the funnel in one
hand while placing or removing the membrane filter. (Placing the funnel on anything but
the filtration apparatus might result in contamination of the funnel.)

o Using sterile forceps, place a sterile, gridded membrane filter (47-mm diameter) on
top of the filter base, grid-side up. Be sure to use the correct pore-size membrane
filter for the test procedure (table 7.1-7).

o Carefully replace and secure the filter funnel on filter base. Avoid tearing or
creasing the membrane filter.

-27-



WWM-gtz saall G aall 5 olaall o ol ali 5 Gl el yall-olaall L sl 5 5 Saa

o Rinse funnel with 100 mL of sterile buffered water before filtering sample
volumes to obtain a filtration assembly equipment blank (filter blank).
o Filter sample in order of smallest to largest sample volume.

5. If the sample volume is less than 1.0 mL, prepare dilutions with sterile buffered water in a
99-mL dilution bottle and transfer appropriate volume of dilution to the membrane filter
(fig. 7.1-3 and table 7.1-8).

a.
When preparing dilutions, use a sterile pipet to measure each sample volume.

b.

After each sample-volume transfer, close and shake the dilution bottle vigorously at least
25 times.

C.

Filter diluted samples within 20 minutes after preparation. Keep dilution bottles out of
sunlight and do not transfer dilute sample volumes with pipets used to transfer
concentrated volumes.

11 mL in 9% mL 1 mL in 2% mL
WATER SAMPLE WATER SAMPLE

11 mL 1 mL '
= i
:a.u:ml_’/ V‘.{}mL 3.0mL / 1.0 mL

P, P

.-'I P - 'l = 3 F I \E
| 1! i -‘.I'| | Vo [ \
! ,.-"I | J / L ) I !
|, jF K L 7

1 [ \\ NP =L =
0.3 mL .1 mL 0.03 mL 001 mL

Figure 7.1-3. Preparation of sample volumes by dilution.
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6. Shake the sample vigorously at least 25 times before each sample volume is withdrawn in
order to break up particles and ensure an even distribution of indicator bacteria in the
sample container. Proceeding from smallest to largest sample volume, deliver the sample
volume to the membrane filter by use of a pipettor or pipet bulb with a valve for volume
control.

o Allow the pipet to drain, and touch the tip to the inside of the funnel to remove
remaining sample. Pipets of the TD (to deliver) type will have a small amount of
liquid left in the tip after dispensing the liquid.

o If the volume of sample to be filtered is 10 mL or more--transfer the sample
with a sterile pipet or graduated cylinder directly into the funnel.

o If the volume of sample to be filtered is between 1.0 and 10.0 mL--pour about
20 mL of sterile buffered water into the funnel before pipetting the sample to
facilitate distribution of bacteria on the membrane filter. Refer to table 7.1-6 for
appropriate sample volumes for each test.

Table 7.1-B.  Preparation guidalines for dilution of samples to volumes less than
1.0 milliliter for fecal indicator bacteria analysis
L, rrilliliter]

Volume {mlL) of sample e e wr
Dilution factor ackled to 99 ml sterile o obtain this dilution,

uti fiter this volume
dilution water

1:10 1.0 mL of onginal sample 1.0mL of 1:10 =01 mL
0mLof 1:10=03mL

1:100 1.0 mL of original sam ple 1.0mL of1:100 = 0.01 mL
Z0mL of 1:100 = 0.03 mL

1:1,000 1.0mL of 1:10 dilution 1.0 mL of 1:1,000 = 0.001 mL
Z0mbL of 1:1,000 = 0.003 mL

7. Apply vacuum with a hand, peristaltic, or vacuum pump. To avoid damage to bacteria, do
not exceed a pressure of about 5 Ib/in? (25 cm of mercury).

8. Rinse inside of funnel twice with 20 to 30 mL of sterile buffered water while applying
vacuum. If a graduated cylinder was used, rinse the cylinder with sterile buffered water
and deliver rinse water to the filtration apparatus.
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Remove the funnel and hold it in one hand. Do not set the funnel on the countertop.
Remove the membrane filter with sterile forceps. Release the vacuum. Releasing the
vacuum after removing the filter prevents backflow of sample water onto the filter.
Unnecessarily wet filters promote confluent growth of colonies and poor results. Replace
funnel on filter base.

Open petri dish and place membrane filter grid side up on medium by use of a rolling
action, starting at one edge. Avoid trapping air bubbles under the membrane filter. If air is
trapped, use sterile forceps to remove the membrane filter and roll it onto the medium
again. Do not expose prepared plates to direct sunlight.

Do not pipet by mouth.

Close petri dish by pressing top firmly onto bottom. Invert the petri dish. To avoid growth
of interfering microorganisms, incubate within 20 minutes.

Continue to filter the other sample volumes in order, from smallest to largest volume.
Record on the field forms the volumes filtered and time of processing.

After filtrations are complete, place a sterile, gridded-membrane filter on the funnel base
and rinse the funnel with 100 mL of sterile buffered water to obtain a procedure blank.
After the sample volumes and blanks have been filtered, place the inverted petri dishes in
a preheated aluminum heater-block or water-bath incubator. Incubate at the prescribed
times and temperatures (table 7.1-5). Wash, then flame sterilize or autoclave filtration
apparatus. Wash countertop between each sample and wash hands with bacteriocidal soap.
After incubation, remove the petri dishes from the incubator. Count and record on the field
forms, for each sample volume filtered, the number of typical colonies (table 7.1-9).
Recount until results agree within 5 percent. Recounting is done by turning the plate 90
degrees to obtain a slightly different angle. Count by use of a preset plan (a side-to-side
pattern along grid lines is suggested) (fig. 7.1-4). Make the counts with the aid of 5 to 15
magnifications and a fluorescent illuminator placed as directly above the filter as
possible.
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For total coliform colonies, enhance sheen production by removing filters from
media and placing them on absorbent pads to dry for at least 1 minute before
counting.

If the optional NA-MUG test is done for E. coli, transfer the total coliform filter
onto NA-MUG plates and incubate for 4 hours at 35°C. Afterward, count under a
long-wave ultraviolet light in a completely darkened room (U.S. Environmental
Protection Agency, 1991b).

For E. coli and enterococci, additional biochemical tests are required by use of
confirmation media. For E. coli, transfer the filter to a filter pad saturated with
urea-phenol reagent; count only yellow colonies after 15 to 20 minutes at room
temperature (U.S. Environmental Protection Agency, 1985).

For enterococci, transfer the filter to EIA media after incubation for 20 minutes at
41°C; count colonies from the underside of the plate placed over a fluorescent
illuminator.

16. Check quality-control blanks for colony growth, and report results on the field forms.

@)

The presence of colonies on blanks indicates that results of the bacterial analyses
bracketed by positive blanks are suspect and should not be reported.

It is not valid to subtract colony counts on blanks from results calculated for
samples.

TECHNICAL NOTE: It is necessary to collect equipment, filter, and procedure blanks. The
equipment and filter blanks measure the effectiveness of sterilization. One or more colonies on this
type of blank indicates inadequate sterilization of either the equipment or the buffered water. The
procedure blank measures the effectiveness of the analyst's rinsing technique. One or more colonies
on the procedure blank indicates either inadequate rinsing or contamination of equipment or
buffered water during sample processing.

-31-



WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

Table 7. 1-9. Test {madia typs), ideal colony count, and typical colony color,
size, and morphology for indicator bactaria colonies

[m-Endo, total coliform medis; mim, millineters; NA-RUG, nutrient agae-d-metby uimbelliferyl- -
L -glucuronide; m-FC, fecal coliform media; m-TEC, £ ool medis; KF, fecal streptococcus medis;
m-E, enteroooccus medis; ElA; enterococous confirmat ion media]

17.

Ideal count
Test (media type) range Typical colony col o, size,
i {colonies per and mormphology
filter)
Tatal califarmn bacteria 2050 Colonies are round, raised, and smooth; 1to4

[m-Enda)

rmmin diameter, and red with a golden-green
rmetallic sheaan.

Eschorichiz ool
After primany culture as
total coliform colonies
on m-Enda (MNA-NLG)

Mone given but
much fewar in
nurnber than
total colifarms
an zame filter

Colonies are cultured an m-Endo media as total
califarmcolanies. After incubation on RAa-MLU G,
colonies have blue fluorescent margins with a
darkcenter. Count under a long-wave ultravialat
lamp in a completely darkened room.

Fecal coliform bacteria 2050 Colonies are round, raised, and smooth with
{rn-FC) avah to lobate mnargings 1 to 6 mmmin diarmeter,
and light to dark blue in whole or part. Some
may have brown or cream colared centers,
Escherichiz coli 20-80 Colonies are round, raised, and smooth; 1to 4
[m-TEC) rmrmin diameatear, vallow towallow brown; may
hawe darker rai sed centers.
Fecal streptococci 20100 Colonies are small, raised, and spherical; about
(K.F madia) 0.5t 3 mmin diameater glossy pink or redin
calor.
Enterococci 2050 Colonies are round, smooth, andraised; 1106
{rn-E and ELA) it diameter: pink to redwith a black or rad-

dish-brown precipitate an underside.
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™

N * d =

-

ki
’

_,_,—'—"'"_F
Count with a preset pattern along Expanded wviews turmed 390
grid limes as indicatad by the dagraas l[count laft to right
arr oy {oount top to bottam by rowsl by calumnsl
Figure 7.1—4. Method for counting colonies on gridded membranse

filters.

18.
19. Calculate the number of colonies per 100 mL of sample as shown in section 7.1.4,

"Calculation and Reporting of Fecal Indicator Bacteria."

20. Put all plates to be discarded in an autoclavable bag. Freeze or chill the plates to be
discarded until they can be autoclaved in the laboratory. Autoclave all cultures at 121°C
for a minimum of 30 minutes before discarding.

Quality control. In addition to blanks, collect and analyze samples in duplicate at a minimum
frequency of 5 percent (1 in every 20 samples). Periodically purchase and analyze a pure culture
containing Escherichia coli or Enterococcus faecalis (formerly Streptococcus faecalis to ensure
that the test procedure is acceptable.
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PROCEDURE

b

"

5.

Preheat incubator,
preEpae ywork ansas.
Select sampleE volumes.
If nesd=d, prepars
dilutions for fitmtion of
sampkE vwolumes less than
10 mL. (Tables 7.1-<€
and 7.1-5; and figur=
F1-22)

Label petridish=s.
Ass=mble, and if not
staribe, sterilias fikmtion
apparatus.

PROCEDURE

NBoe sterile fikar on filkr
tion AppA rAtus using sterile
forcap=.

TECHNICAL NOTE: a ssmall hand pump is prefesTad
OYEr a SYTINGgS as a Yadiuim Source.

&

PROCEDURE

Shak= samplk= 25 times
and deliver to fitmation
appamatus by us= of
gradumtaed cdindsror
pipet. Add 20 mlL stenke
buffersd yater to filtm -
tion appamtus befors
fiternng samplke wl-
umes bk==s than 10 mL.

Figure 7.1-2. Steps in membrane-filtration procedure {taken from
kdillipore, 1973, and published with permission).
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PROCEDURE

7. Apply vacuum, and after-
warck, rninse filtmtion
appamtus and cylinder
twice wwith stenle buffersd

water.
PROCEDURE
8. Sterilia= forceps and e-

mowe fiter. Replce funnel
on filtmtion appamtus.

S — E
o Roll fikeronmto medi; in
petridish. Pho= invertad
petridish in incubator.
PROCEDURE
10 Rep=at steps 49 forsach samplke wlume in oder of the smallest 1o the

largest volume. A fiterblnk & poosss=d before each sample. Fikera
procedure blankafter every 20 samples oronce perdayorat each

site, acocomding 1o study objpective Filkera duplicate sampleafier everny 20
samples orateach site, according 1o study objective. ke a hand pump

irctead of a syrninge

Figure 7.1 2—Continued. Steps in membrane-fitration procedure
(taken from MMillipore, 19273, and published with penmission).
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Streak Method for Agar Plates

The streak plate is used primarily for isolating microorganisms in pure culture from
specimens or samples containing mixed flora. Obtaining isolated colonies on plates
allows colonial morphology and hemolytic reactions to be examined, and
biochemical / serological testing to be performed.

1. With a sterile inoculating loop, streak a loopful of the sample across the surface
of an agar plate. The four-quadrant streak is the most common, and accomplished
by streaking and rotating the plate in four sections, one quarter at time, slightly
overlapping the original streak area. The fourth quadrant contains the greatest
dilution of microorganisms, and usually provides isolated colonies for further
testing.

2. Incubate plates under favorable growth conditions.

3. Examine plates for isolated colonies.

Spread Plate Technique

The spread plate technique is used for enumerating microorganisms.
1. Drop 0.1 mL aliquots from serial dilutions onto the surface of an agar plate.

2. Aseptically spread inoculum across the surface using a bent glass rod or sterile
inoculating loop. By spreading the suspension over the plate, a dilution gradient is
established to provide isolated colonies.

3. Incubate plates agar inverted in appropriate conditions.

-37-



WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

4. Count colonies and calculate the number of microorganisms in the original
suspension.

Pour Plate Technique

The pour plate technique is also used for enumeration of microorganisms in a
particular sample. In this technique, test samples or suspensions of microorganisms
are mixed with molten agar (45-50°C). The agar is allowed to solidify, trapping the
bacteria at separate discrete positions within the matrix of the medium. While the
medium holds bacteria in place, it is soft enough to permit growth of bacteria and
the formation of discrete isolated colonies.

1. Perform serial dilution of sample.

2. Aseptically pipette microorganism dilutions into labeled petri dishes.

3. Add melted agar that has been cooled to approximately 44-45°C,

4. Mix well by slightly rotating plate with bacteria and agar mixture.

5. Allow the agar to solidify, trapping bacteria at separate discrete positions within
the medium.

6. Incubate plates in a favorable environment.
7. Count the number of colonies and calculate the number of microorganisms in the
original sample.

Streak / Stab Method for Agar Tubes

Tubed media may be in the form of solid agar slants, semisolids, or broths.
Depending on the type of medium used and the purpose of the inoculation, use an
inoculating loop or needle.
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1. For agar slants, place the loop at the base of the tube surface and draw it up the
agar surface while moving it from side to side.

2. For semisolid media, insert the loop into the medium to approximately one-fourth
of its depth. If testing motility, use an inoculating needle and stab it in the center of
the agar tube to the bottom. Draw the needle out carefully, keeping it straight.

Media Inoculation

Inoculation of Broth Media

Broth media are generally used as enrichments, general cultivation and sterility
testing.

1. Aseptically inoculate appropriate broth media with the sample or specimen using
sterile pipette, syringes or forceps.

2. Incubate inoculated broth at the appropriate atmospheric conditions, temperature,
and time.

3. Examine broth for any signs of growth including, turbidity with or without gas
bubbles, “puff-ball” appearance, hemolysis (in blood cultures), pellicle formation
and precipitate on the bottom of the tube or bottle.

Membrane Filtration Method

The membrane filtration method is used to test large volume of liquid samples,
including water and filterable beverages.

1.Pass the sample through a sterile membrane filter enclosed in a filtration assembly
and attached to a vacuum source.
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2.After filtering the sample, carefully remove the filter with sterile forceps and
apply it to the surface of an agar plate or pad saturated with a broth medium. Avoid
trapping air bubbles by using a rolling action. (The media used depends on the type
of microorganism being tested.)

3.Invert plates and incubate under appropriate conditions.

4.Count colonies and calculate the most probable number.
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Viable plate counts

One of the most common methods of determining cell number is the viable plate count. A sample
to be counted is diluted in a solution that will not harm the microbe, yet does not support its
growth (so they do not grow during the analysis). In most cases a volume of liquid (or a portion of
solid) from the sample is first diluted 10-fold into buffer and mixed thoroughly. In most cases, a
0.1-1.0 ml portion of this first dilution is then diluted a further 10-fold, giving a total dilution of
100-fold. This process is repeated until a concentration that is estimated to be about 1000 cells per
ml is reached. In the spread-plate technique some of the highest dilutions (lowest bacterial density)
are then taken and spread with a sterile glass rod onto a solid medium that will support the growth
of the microbe. It is important that the liquid spread onto the plate soaks into the agar. This
prevents left over liquid on the surface from causing colonies to run together and the need for dry
plates restricts the volume to 0.1 ml or less. A second method for counting viable bacteria is the
pour plate technique, which consists of mixing a portion of the dilution with molten agar and
pouring the mixture into a petri plate. In either case, sample dilution is high enough that individual
cells are deposited on the agar and these give rise to colonies. By counting each colony, the total
number of colony forming units (CFUs) on the plate is determined. By multiplying this count by
the total dilution of the solution, it is possible to find the total number of CFUs in the original
sample.
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Figure 4-1 Dilution plating and viable plate counts Pathogens
e  Viral Pathogens
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Interactions

e  Central Dogma
e  Comments

AT 00k oz iio:e

(A) A demonstration of a decimal series of dilutions. The 10° sample is a concentrated solution of
methylene blue. A 0.2 ml portion of this was added to 1.8 ml (1:9 ratio) of 0.85% saline to create
the 1:10 dilution. After mixing, 0.2 ml of the 10 dilution was added to a second tube containing
1.8 ml to create the 1072 dilution. This was continued to generate the dilution series.

(B) A series of pour plates demonstrating the appearance of a viable plate count. The 3 plates
show a 107, 108, and 10°° dilution of a natural sample. Note how the number of colony forming
units decreases 10 fold between the plates.

One major disadvantage of the viable plate count is the assumption that each colony arises from
one cell. In species where cells grow together in clusters, a gross underestimation of the true
population results. One example of this are species of Staphylococcus, which is known to form
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clumps of microorganisms in solution. Each clump is therefore counted as one colony. This
problem is why the term CFUs per ml is used instead ofa bacteria per mla for the results of such an
analysis. It is a constant reminder that one colony does not equal one cell. Great care must also be
taking during dilution and plating to avoid errors. Even one error in dilution can have large effects
on the final numbers. The rate at which bacteria give rise to an observable colony can also vary. If
too short an incubation time is used, some colonies may be missed. The temperature of incubation
and medium conditions must also be optimized to achieve the largest colonies possible so that they
are easily counted. Finally, this technique takes time. Depending on the organism, one day to
several weeks might be necessary to determine the number of CFUs that were present when the
experiment started. Such information may no longer be useful for many experiments.

Despite its shortcomings, the viable plate count is a popular method for determining cell number.
The technique is sensitive and has the advantage of only counting living bacteria, which is often
the important issue. Any concentration of microorganism can be easily counted, if the appropriate
dilution is plated. It is even possible to concentrate a solution before counting, as is often done in
water analysis, where bacterial populations are usually at low density. The equipment necessary
for performing viable plate counts is readily available in any microbiology lab and is cheap in
comparison to other methods. Finally, by using a selective medium it is possible to determine the
number of bacteria of a certain class, even in mixed populations. These advantages have made
viable plate counts a favorite of food, medical, aquatic and research laboratories for the routine
determination of cell number.
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The streak plate method is a rapid and simple technique of mechanically diluting a relatively
large concentration of microorganisms to a small, scattered population of cells. The goal is to
obtain isolated colonies on a large part of the agar surface, so that desired species can then be
brought into pure culture. Proper streaking of plates is an indispensable tool in microbiology. In
most cases a closed inoculating loop is used for streaking plates. The wire loop should not be
badly oxidized or pitted or it will fail to dilute the inoculum and will scratch the surface of the
agar. Streak plates can be made from a broth culture, an agar slant or from an agar plate. It is
sometimes convenient to suspend a bit of growth from a solid surface in sterile saline and use
this as a source of inoculum. Resuspension of colonies or cultures grown on solid surfaces
dilutes the culture and makes streak plating easier. A loopful of inoculum is transferred from the
source and put on the agar surface. When using a large inoculum (a turbid culture or growth
from a solid surface), a small spot is spread during the initial transfer. If the inoculum is from a
lightly turbid suspension, the first phase of the streaking pattern is begun. Several basic patterns
are illustrated in Figure 2-3. The three-phase streaking pattern is recommended for beginners
because it is most likely to give satisfactory results with suspensions having a wide range of
microbial density.
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Interactions
e  Central Dogma
Figure 2-3 Streaking patterns o  Comments

There are a number of different methods for mechanically diluting microbes on a streak plate.
The most common method is spreading microbes across a plate as shown in the first four
figures. As the concentration of microbes increases so do the number of phases. Irrespective of
the number of phases, loop is flamed between each one. The fifth plate shows an alternative
method, where the streaks are not continuous, but are a series of parallel lines. foobar

Choosing a streaking pattern is a matter of individual preference and depends upon the number
of microorganisms in the sample. Figure 2-3 demonstrates the most common patterns, but they
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are not the only methods. The object of any streaking pattern is the continuous dilution of the
inoculum to give many well isolated colonies. For multi-phase streaking it is crucial to flame
the loop before starting the next phase. Note the slight overlap into the previous phase to pick
up a small inoculum. To streak a plate...

1. Flame the loop to sterilize it and let cool.

2. Position the plate so that the spot of inoculum is nearest the hand not holding the loop
(the opposite hand).

3. Lift the plate lid with the opposite hand; just enough to get the loop inside and touch
the loop to the inoculum spot. It is often helpful to treat the inoculating loop as if it
were a pencil - steadying the loop by resting the heel of the hand against the lab
bench.

4. Move the loop back and forth across the spot and then gradually continue toward the
center of the plate as you sweep back and forth. Use a very gentle and even pressure.

5. When creating each phase, do not worry about keeping each pass across the plate
separate from previous ones.

6. When about 30% of the plate has been covered by the first streaking phase, remove
the loop and flame sterilize it.

7. Repeat the above procedure for the second phase, but this time pick up some
inoculum by crossing into the first phase 2-3 times and then not passing into it again
(Figure 2-3).

8. Repeat as necessary for the third and fourth phases. After streaking the plate, flame
sterilize the loop before setting it down.

Figure 2-4 demonstrates the technique of streak plates in a movie.

[Prev] | [Next]
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Basic Pure Culture Techniques

1- Aseptic technique

Trying to study this mixed population is often difficult and in the tradition of the scientific
method; researchers dissect a system and study each piece in isolation. For microorganisms this
means separating the organisms and getting them into pure culture. A pure culture is defined as a
growth of microorganisms (a culture) that contains one cell type. It is essential in microbiology to
be able to obtain and preserve pure cultures. Over 100 years ago, Robert Koch devised methods
to achieve this goal and the methods he developed are essentially still used today. The protocols
used to maintain pure cultures are a major part of aseptic technique.

The goals of aseptic technique are two-fold. The first objective is to obtain pure cultures and
secondly to prevent cross-contamination. Microorganisms in culture must not escape into the
environment, and microbes in the environment must not get into the cultures we are studying. It is
essential that aseptic technique be understood and practiced correctly. Contaminated cultures are
worthless for diagnosis or for doing research on, because it is unclear what microbe is performing
any action that is being observed.

Aseptic methods commonly used are flame sterilization, tube transfer, streak plates, spread plates
and pour plates. Flame sterilization is an easy method to insure sterile transfer of a culture from a
source to a growth medium. Tube transfer is useful for moving inocula from one tube to another.
Mechanical dilution by making streak plates is the preferred method for obtaining a pure culture
of a microorganism. Finally, spread plates and pour plates are common methods for enumerating
microorganisms and are sometimes useful for obtaining isolated colonies .

2 - Flame sterilization and tube transfer

Flame sterilization is a very quick simple method of killing microorganisms on an inoculating
loop or needle. The loop or needle is held inside a flame for a few seconds to bring it to redness
and then cooled. Once cool, the loop or needle can be used for various culture manipulations.
Make sure that the area that contacts the culture is flamed to redness. Also, be patient and
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let the loop cool down, this usually takes about 15-30 seconds. Learning this technique is
essential to everything else you do in microbiology.

Transfer of culture from agar plates to tubes, or from tube to tube, is a common, simple
procedure. It is important to perform these transfers in a consistent and rapid manner. The
following protocols have been found effective.

To transfer a culture from an agar plate to a broth or agar slant:

1. Place the Bunsen burner in front of you and assemble all necessary equipment with in
arms reach. Position everything so that you will not burn yourself while trying to inoculate
your tubes.

2. Label the tube of broth or agar to be inoculated with identifying marks. The culture, the
date, and your initials for example. Place it in a rack in front of you.

3. Holding the inoculating loop handle, flame the entire wire to redness.

4. When the wire cools (about 15-30 seconds) remove the lid of the plate with your other
hand and obtain an inoculum by removing a small portion of the surface growth on the
agar plate. In most cases you will be picking an isolated colony. Choose a well isolated
one. Do not dig into the agar. Replace the lid of the plate immediately.
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5. Hold the tube to be inoculated with the free hand. Remove the cotton plug or cap of the
tube with the little finger of the hand holding the needle holder. If a cotton-plugged tube is
used, the mouth of the tube should be passed briefly through the flame to singe off dust
and lint particles. (Dust or lint may fall into the tube and contaminate the medium.)

6. Introduce the inoculum into the tube, and streak gently the surface of the agar medium in
the tube.

7. When inoculating a tube of broth, rub the wire against the glass just above the fluid level
and then tip the tube slightly to wash the inoculum into the broth. The wire should not be
rattled against the sides of the tube to shake an inoculum into the broth; this is unnecessary
and may create a dangerous aerosol.

8. Replace the cap or plug (the latter after reflaming the mouth of the tube).

9. Flame the inoculating wire again to redness, slowly to avoid spattering. Put the loop
holder down after the wire cools.

The standard method for transferring microbes from one medium to another. Each of the steps is
described in the text.

-51-




WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

In tube to tube transfers by loop or straight wire, both the tube containing the inoculum source
and the tube to be inoculated are usually in the hand at the same time.

The tubes are positioned in the hand as shown in the Fig B-E. Plugs and caps can be loosened
by twisting them.

1.

S.
6.

The needle holder is taken in the other hand and the wire flamed and allowed to cool (Fig.
A).

The plugs or caps are removed with the last two fingers of the hand holding the
inoculating wire leaving the thumb and index finger free to hold and to manipulate the
loop holder with the second finger as a guide and support. Flame the tops of the tubes.

Immerse the inoculating wire into the broth culture or scrape the wire across a portion of
surface growth on an agar slant to obtain inoculum. Make the transfer from one tube to the
other (Fig. C).

Flame the tubes (Fig. D).

Return the plugs or caps to the tubes (Fig. E).

Flame the inoculating wire to sterilize it (Fig. F).

An easy procedure which prevents hand fatigue and the danger of dropping the tubes is illustrated
in the following Figure:
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ga\
A

Making medium is as simple as cooking and a crude medium can be made in almost any kitchen
with a few utensils and a source of heat. Below is described the production of a chicken broth
medium that will grow many common microorganisms. Simply boiling a medium once, may Kill
most vegetative cells, but does not kill endospores. However, autoclaving is carried out usually
(some time autoclaving is not necessary as mentied in preparation procedure) to ensure that all
spores have been killed.

3. Making a medium - You try it

1. Add 250 ml (or the desired quantity needed) of reagent grade water into a glass container
or some other vessel that can stand boiling water. The container should be something you
can cover. Glass bottles that can stand boiling or canning jars work well.

2. To this water add, the defined amount of the stock broth medium, and stir until dissolved.
Cover loosely so that steam can escape, but dust and dirt cannot enter.

3. Heat in already heated water bath until the media just begins to boil, adjust the pH if it is
necessary and according to the directions from the manufacturer.
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4. Autoclave the broth medium under pressure, temperature for the time defined by he
manufacturer.
5. Place the medium in a warm place overnight to insure sterilization (no turbidity).

4- Streak plates

The streak plate method is a rapid and simple technique of mechanically diluting a relatively large
concentration of microorganisms to a small, scattered population of cells. The goal is to obtain
isolated colonies on a large part of the agar surface, so that desired species can then be brought
into pure culture. Proper streaking of plates is an indispensable tool in microbiology. In most
cases a closed inoculating loop is used for streaking plates. The wire loop should not be badly
oxidized or pitted or it will fail to dilute the inoculum and will scratch the surface of the agar.
Streak plates can be made from a broth culture, an agar slant or from an agar plate. It is
sometimes convenient to suspend a bit of growth from a solid surface in sterile saline and use this
as a source of inoculum. Resuspension of colonies or cultures grown on solid surfaces dilutes the
culture and makes streak plating easier. A loopful of inoculum is transferred from the source and
put on the agar surface. When using a large inoculum (a turbid culture or growth from a solid
surface), a small spot is spread during the initial transfer. If the inoculum is from a lightly turbid
suspension, the first phase of the streaking pattern is begun. Several basic patterns are illustrated
in the following figure. The three-phase streaking pattern is recommended for beginners because
it is most likely to give satisfactory results with suspensions having a wide range of microbial
density.
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There are a number of different methods for mechanically diluting microbes on a streak plate. The
most common method is spreading microbes across a plate as shown in the first four figures. As
the concentration of microbes increases so do the number of phases. Irrespective of the number of
phases, loop is flamed between each one. The fifth plate shows an alternative method, where the
streaks are not continuous, but are a series of parallel lines.

Choosing a streaking pattern is a matter of individual preference and depends upon the number of
microorganisms in the sample. Last Figure demonstrates the most common patterns, but they are
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not the only methods. The object of any streaking pattern is the continuous dilution of the
inoculum to give many well isolated colonies. For multi-phase streaking it is crucial to flame the
loop before starting the next phase. Note the slight overlap into the previous phase to pick up a
small inoculum. To streak a plate:

1. Flame the loop to sterilize it and let cool.

Position the plate so that the spot of inoculum is nearest the hand not holding the loop (the
opposite hand).

3. Lift the plate lid with the opposite hand; just enough to get the loop inside and touch the
loop to the inoculum spot. It is often helpful to treat the inoculating loop as if it were a
pencil - steadying the loop by resting the heel of the hand against the lab bench.

4. Move the loop back and forth across the spot and then gradually continue toward the
center of the plate as you sweep back and forth. Use a very gentle and even pressure.

5. When creating each phase, do not worry about keeping each pass across the plate separate
from previous ones.

6. When about 30% of the plate has been covered by the first streaking phase, remove the
loop and flame sterilize it.

7. Repeat the above procedure for the second phase, but this time pick up some inoculum by
crossing into the first phase 2-3 times and then not passing into it again.

8. Repeat as necessary for the third and fourth phases. After streaking the plate, flame
sterilize the loop before setting it down.

5- Spread plates and dilution plating

An absolute requirement for a microbiologist is to be able to determine the concentration of
microorganisms in a given sample. Various particle-counting devices, spectrophotometric
methods and microscopic technigques have been used to count cells. However, one drawback to
these methods is that they count dead as well as living cells. The most common method of
enumerating viable cells is the plate-count method. Diluting microorganisms and placing them
into petri plates (or plates) for incubation is another essential technique for working with
microorganisms.This method suffers from some problems. First, only those organisms which can
grow on the medium, and at the temperature and atmospheric conditions of incubation, will divide
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and develop into colonies. Second, each colony may not represent the progeny from one cell, as
two or more cells (those in clusters, chains or otherwise close to one another) can give rise to one
colony. For these reasons the counts obtained from the plate-count method are given as the
number of colony-forming units (CFU's) per ml (or gram) rather than the number of cells per ml
(or gram). Despite these drawbacks, the plate-count method is a powerful means by which
concentrations of viable organisms may be estimated. Also, if it is desirable to count a specific
subgroup of microorganisms in a sample, selective media or special incubation conditions can
often be used to encourage the growth of only this class of organism. As microbial quantitation
involves the use of pipettes (or micropipettes ) in preparing dilutions and inoculating plates, the
beginning microbiologist must become familiar with their use.

Due to the possibility of ingesting pathogens and toxic liquids, mouth-pipetting is forbidden in the
laboratory! Pipettes are filled and subsequently emptied by the use of propipettes or other pipette
bulb. Pay close attention to the demonstration of their use.

Important Safety Consideration: When fitting the pipette and pipette bulb together, use very
gentle pressure!! Do not jam these items together! (Force is usually not the answer, a good
general rule to live by in this lab and in life for that matter.) The glass pipette will probably break
and possibly cause severe injury. Handle the pipette only at the top inch or so.

For volumes of 5 ml of less, micropipettes are often the tool of choice. Instruments are available
that are capable of dispensing 5 ml all the way to less than 1 pl (one one-millionth of a liter).
Micropipettes have made it possible to miniaturize many experiments and greatly decrease the
cost of running them. They are also easy to use and can dispense volumes quickly, increasing the
number of experiments that can be performed in a set amount of time. Micropipettes are the tool
of choice for small volumes.

2 - 6 Pour Plates

A practical and common laboratory technique used in isolating pure cultures or enumerating the
living microorganisms in water, milk, foods, and other materials is the pour plate technigue.
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To aseptically transfer liquid into a pour plate, raise one side of a Petri plate lid only just enough
to allow access of the sample (from a tube or pipette). Transfer a known amount of the sample to
the dish and cover immediately with the lid. Then pour 15-20 ml of sterile agar culture medium
which has been melted and cooled to 45-50°C into the plate as shown in Eigure 2-5 [13]. The
inoculum and medium are mixed by gentle rotation ten times in one direction and ten times in the
other direction. The agar must be allowed to solidify completely before the plates are inverted for
incubation. After incubation both surface and subsurface colonies will be observed.
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Figure 2-5 Pour plates

Pour plates allow the addition of larger amounts of liquid (1-5 ml) to an agar dish. The sample is
added to the bottom of a sterile Petri plate. Molten agar is then added to the plate aseptically. It is
important to only open the cover enough to allow the pouring of the agar. This prevent
contamination from the environment.

Figure 2-6 [14] is a movie demonstrating the pour plate technique.
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Counting chambers

The most direct method of counting microorganism is by the use of a microscope and a slide with special
chambers of known volume. These slides allow the counting of a small number of cells in a small volume and
extrapolating the result to determine the population. An example of such a device is shown in Figure 4-10. A
culture is placed on the slide marked with precise grids. The number of cells present in each grid is counted
and an average determined. Conversion using a formula gives the number of cells per milliliter in the culture.
This method is rapid, a result can be known in just a few minutes, and is easy to perform. However, it is
impossible to distinguish living cells from dead ones. If this distinction is important, direct microscopic counts
are not the solution. Finally, cultures containing less than 1 million cells per ml are actually too dilute for
direct counts since there will be too few cells in the very small volume that is actually examined under the
microscope for an accurate count

Figure 4-10 The Petroff-Hauser counting chamber
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The center of the slide contains a precisely machined grid, with each square (1/20 mm x 1/20 mm) having a
known area. The coverslip also rests above the slide a known distance (typcially 1/50 of a mm). Since each of
these dimenstions is known, it is possible to calculate the number of cells in each square and pluggin it into a
formula. On the left of the figure is a photograph of a Petroff-Hauser slide. On the right is a grid at 100 x
magnification showing the size of the squares.

a picture of the petroff-hauser cell counter and then what it looks like on a slide.

Electronic particle counters

Electronic particle counters are useful if the number of bacteria in a sample needs to be counted on a routine
basis. The method is based on the property that nonconductive particles, such as bacteria, will cause a
disruption in an electric field as they pass through it. A Coulter counter is a type of electronic particle counter
in which there is a small opening between electrodes through which suspended particles pass, see Figure 4-11.
In this sensing zone, each particle displaces its own volume of electrolyte, causing a current pulse. The pulse
is noted and recorded as one particle count. By precisely controlling the rate at which solution passes through
the opening, it is possible to get exact, reproducible counts at a rate of up to several thousand bacteria per
second. Coulter counters are highly dependent upon particle size and those dependent upon changes in current
are near their detectable limits with microorganisms. Particle counters that use light diffraction as a means of
sizing and counting particles are also manufactured and can detect particle less than 1 um in diameter.
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Figure 4-11 The coulter counter
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A picture of a Coulter Counter. The diagram at the right demonstrates the opening that the microbes must pass
through during counting. When microbes pass through the aperture the electrical potential across the
electrodes is distrubes, which the dataprocessing system records as a count. In the lower right is an actual
picture of a Multisizer™ 3 by Beckmann instruments that uses the Coulter counter priciple.

The advantage of this method is the simplicity of its operation and it reproducibility. As in microscopic
counts, the machine cannot distinguish between living or dead cells or even between dust and bacteria. Any
reasonably sized particle in the solution will be counted. There is also the expense of buying the counter,
which can cost many thousands of dollars.
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John L's Bacteriology Pages >
Selected General Topics > Dilution Theory:

Dilution Theory — Page 1:

Supplementary Pages:

Dilution Theory per se: * Five-Tube MPN Table
Dilution Platlng + Page 1 — Dilution Plating « Practice Set 1 (Plating)
« Page 2 — More Dilution Plating * Practice Set 2
* Page 3 — The MPN Method (Plating&MPN)
In quantitative microbiology, we are 100 CFUs
concerned with determining the concentration per ml
of colony-forming units (CFUSs) in our sample WE | ’ f 11
—i.e., the number of CFUs per ml or per gram I j
of the sample. For example, if we were to plate Hgo 100 colonies arise
out one ml of a lake water sample and then — dw,'.j incvbation

after incubation of the plates — find that 100
colonies have arisen, we would then conclude that there were 100 CFUs per_ml of the lake
water.

More realistically (as with most of our area lakes), the concentration of CFUs in the water
could have been considerably greater. Counting the colonies on a plate inoculated with one ml
of water may be impossible. We would like to have "'countable™ plates — containing
between 30 and 300 colonies. If fewer than 30, we run into greater statistical inaccuracy. If
greater than 300, the colonies would be tedious to count and also would tend to run together.
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We may try to plate out smaller and smaller
amounts, as in the example shown at right. With 10000 CFUs
this new lake water sample, a countable plate 'Pe ™
(Plate C: 100 colonies) is achieved with the
inoculation of 0.01 ml of sample. Figuring out the

.00 I ml

number of CFUs per ml of the sample would go /‘ ‘I

like this: Whatever the number of CFUs in the

1 |
inoculum of Plate C (one-hundreth of a ml of i? I;E - L ’#1

the sample), there would be one hundred times 10,000 loaoq ,SQ 10
as many CFUs in one ml of the sample. So, if colonies _colomies, colomies 1‘.:2';"‘:,

: : TOO MANY TU COUNT ToCouNT
100 CFUs are determined to be in the 0.01 ml

inoculum, then 100 X 100 CFUs would be present in one ml; the final answer is 10,000
CFUs/ml of the sample.

Two drawbacks to this procedure: It is difficult with our equipment to dispense amounts
smaller than 0.1 ml. Also, the smaller the amount tested, the less representative it is of the
sample.

= E-a 2. ER2D
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So we now get into "dilution theory" to accomplish the equivalent of plating out succeedingly
smaller amounts of sample. Making serial decimal dilutions (i.e., successive 1/10 dilutions,
each made by adding one part of inoculum to 9 parts of diluent) and inoculating one ml into
each of the plates, we can construct a plating procedure (shown at right) that is equivalent to
the above.

Illustrating how the concentration of CFUs decreases according to how these cell suspensions
are diluted: We determined above that the sample contains 10,000 CFUs per ml. Taking out
one ml and inoculating it into a 9 ml dilution blank (the second tube) would put the 10,000
CFUs into a total of 10 ml which is equivalent to 1000 CFUs per ml of the 1/10 dilution of
the sample. The density of CFUs continues to decrease ten-fold with each subsequent dilution.

Counting 100 colonies in Plate C, note how we can work back to a concentration of 10,000
CFUs per ml of the sample. So, by inoculating 1 ml of a 102 dilution into the plate which is
subsequently counted, we are theoretically doing the equivalent of plating 102 ml (i.e., 0.01
ml) of the lake water sample. (Scientific notation is reviewed here.)

IF 100 colonies arise from plating one ml of a 1/100 dilution of the lake water,
THEN there were 10,000 CFUs (from 100 X 100) per one ml of the undiluted water sample.

Compare the solution just obtained with the previous solution where Plate C was inoculated
with 0.01 ml of sample:

IF 100 colonies arise from plating 0.01 ml of the water sample,
THEN there were 10,000 CFUs per one ml of the water sample.

SOME MORE EXAMPLES:

I.  For Bacteriology 102 students, the above setup is applicable to Experiment 1, Period 2
where we plated one ml of a 10 (i.e., 1/100) dilution of lake water. In Period 3 — after
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incubation of the plates — if we were to find 75 colonies on our plate, we could determine
the CFUs per ml of the sample (at the time of Period 2) as follows:

IF 75 colonies arise from plating one ml of a 1/100 dilution of the lake water,
THEN there were 7,500 CFUSs (from 75 X 100) per one ml of the undiluted water
sample.

1. Aswe used a 10 (i.e., 1/10,000) dilution of soil in the same experiment, we could figure
out the CFUs per gram of the soil the same way, remembering that we consider milliliters
and grams to be equivalent:

IF 75 colonies arise from plating one ml of a 1/10,000 dilution of the soil,
THEN there were 750,000 CFUS (from 75 X 10,000) per one gram of the undiluted
soil sample.

1. Consider this problem, the likes of which we often give in quizzes and on problem
sets: Five ml (not one!) of an undiluted spring water sample were added to a petri dish to
which 15 ml of melted Plate Count Agar were then added. After mixing, the plate was
allowed to solidify and then was incubated appropriately. After incubation, 50 colonies
were counted. How many CFUs were present per one ml of the original, undiluted spring
water sample?

Here's the solution (and note the careful use of correct terminology): If 50
colonies arise from plating 5 ml of the sample, then there were 10 CFUs per one ml

of the sample.

In working through this problem, consider the special bit of extraneous information
thrown in —i.e., the amount of medium in the plate. Wouldn't you expect the same
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answer if you used a different amount of melted Plate Count Agar, say 20 or 25 ml?
So, you should still wind up with the answer being 10 CFUs per ml of the water
sample.

On occasion, we unfortunately see an answer of more CFUs in one ml then there
would have been in 5 ml! This can happen if one does not think through the setup of
the problem and then treats the addition of sample to medium as a dilution. On the
next page is the same problem worked out with our formulas.
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LAB 3: OBTAINING PURE CULTURES
FROM A MIXED POPULATION

DISCUSSION

As stated in Lab 2, microorganisms exist in nature as mixed populations. However, to study
microorganisms in the laboratory we must have them in the form of a pure culture, that is, one in
which all organisms are descendants of the same organism.

Two major steps are involved in obtaining pure cultures from a mixed population:

1. First, the mixture must be diluted until the various individual microorganisms become
separated far enough apart on an agar surface that after incubation they form visible colonies
isolated from the colonies of other microorganisms. This plate is called an isolation plate.

2. Then, an isolated colony can be aseptically ""picked off** the isolation plate (see Fig. 1) and
transferred to new sterile medium (see Fig. 3). After incubation, all organisms in the new culture
will be descendants of the same organism, that is, a pure culture.

Animation showing a portion of a single colony being "picked off."

A. STREAK PLATE METHOD OF ISOLATION

The most common way of separating bacterial cells on the agar surface to obtain isolated colonies
is the streak plate method we used in Lab 2 to inoculate a petri plate. It provides a simple and
rapid method of diluting the sample by mechanical means. As the loop is streaked across the agar
surface, more and more bacteria are rubbed off until individual separated organisms are deposited
on the agar. After incubation, the area at the beginning of the streak pattern will show confluent
growth, while the area near the end of the pattern should show discrete colonies (see Fig. 2).
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B. THE POUR PLATE AND SPIN PLATE METHODS OF ISOLATION

Another method of separating bacteria is the pour plate method. With the pour plate method, the
bacteria are mixed with melted agar until evenly distributed and separated throughout the liquid.
The melted agar is then poured into an empty plate and allowed to solidify. After incubation,
discrete bacterial colonies can then be found growing both on the agar and in the agar.

The spin plate method involves diluting the bacterial sample in tubes of sterile water, saline, or
broth. Small samples of the diluted bacteria are then pipetted onto the surface of agar plates. A
sterile, bent-glass rod is then used to spread the bacteria evenly over the entire agar surface (see
Fig. 4) in order to see isolated colonies (see Fig. 5). In Lab 4 we will use this technique as part of
the plate count method of enumerating bacteria.

C. USE OF SPECIALIZED MEDIA

To supplement mechanical techniques of isolation such as the streak plate method, many special-
purpose media are available to the microbiologist to aid in the isolation and identification of
specific microorganisms. These special purpose media fall into four groups: selective media,
differential media, enrichment media, and combination selective and differential media.

1. Selective media

A selective medium has agents added which will inhibit the growth of one group of organisms
while permitting the growth of another. For example, Columbia CNA agar has the antibiotics
colistin and nalidixic acid added which inhibit the growth of gram-negative bacteria but not the
growth of gram-positives. It is, therefore, said to be selective for gram-positive organisms, and
would be useful in separating a mixture of gram-positive and gram-negative bacteria.

2. Differential media

A differential medium contains additives that cause an observable color change in the medium
when a particular chemical reaction occurs. They are useful in differentiating bacteria
according to some biochemical characteristic. In other words, they indicate whether or not a
certain organism can carry out a specific biochemical reaction during its normal metabolism.
Many such media will be used in future labs to aid in the identification of microorganisms.
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3. Enrichment media

An enrichment medium contains additives that enhance the growth of certain organisms. This
is useful when the organism you wish to culture is present in relatively small numbers compared
to the other organisms growing in the mixture.

4. Combination selective and differential media

A combination selective and differential medium permits the growth of one group of
organisms while inhibiting the growth of another. In addition, it differentiates those organisms
that grow based on whether they can carry out particular chemical reactions. For example,
Eosin Methylene Blue (EMB) agar is selective for gram-negative bacteria. The dyes eosin Y and
methylene blue found in the medium inhibit the growth of gram-positive bacteria but not the
growth of gram-negatives. In addition, it is useful in differentiating the various gram-negative
enteric bacilli belonging to the bacterial family Enterobacteriaceae (see Labs 12 & 13). The
appearance of typical members of this bacterial family on EMB agar is as follows:

o Escherichia coli: large, blue-black colonies with a green metallic sheen

« Enterobacter and Klebsiella: large, mucoid, pink to purple colonies with no metallic sheen
o Salmonella and Shigella and Proteus: large, colorless colonies

o Shigella: colorless to pink colonies

The color changes in the colonies are a result of bacterial fermentation of the sugar lactose while
colorless colonies indicate lactose non-fermenters. Fermentation reactions will be discussed in
more detail in Lab 8.

There are literally hundreds of special-purpose media available to the microbiologist. Today we
will combine both a mechanical isolation technique (the streak plate) with selective and selective-
differential media to obtain pure cultures from a mixture of bacteria. In future labs, such as 12 -
16, which deal with the isolation and identification of pathogenic bacteria, we will use many
additional special-purpose media.
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MEDIA

One plate of each of the following media: Trypticase Soy agar, Columbia CNA agar, and EMB

agar.

ORGANISMS

A broth culture containing a mixture of one of the following gram-positive bacteria and one of the

following gram-negative bacteria:

o Possible gram-positive bacteria:

o

Micrococcus luteus. A gram-positive coccus with a tetrad or a sarcina
arrangement; produces circular, convex colonies with a yellow, water-insoluble
pigment on Trypticase Soy agar.

= Micrococcus luteus growing on TSA

= Close up of Micrococcus luteus growing on TSA
Staphylococcus epidermidis. A gram-positive coccus with a staphylococcus
arrangement; produces circular, convex, non-pigmented colonies on Trypticase

Soy agar.
» Staphylococcus epidermidis growing on TSA
» Close up of Staphylococcus epidermidis growing on TSA

e Possible gram-negative bacteria:

o

Escherichia coli. A gram-negative bacillus; produces irregular, raised, non-
pigmented colonies on Trypticase Soy agar.

= Escherichia coli growing on TSA
Enterobacter aerogenes. A gram-negative bacillus; produces irregular raised, non-
pigmented, possibly mucoid colonies on Trypticase Soy agar.

= Enterobacter aerogenes growing on TSA

During the next three labs you will attempt to obtain pure cultures of each organism in your
mixture and determine which two bacteria you have. Today you will try to separate the bacteria
in the mixture in order to obtain isolated colonies; next lab you will identify the two bacteria in
your mixture and pick off single isolated colonies of each of the two bacteria in order to get a pure
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culture of each. The following lab you will prepare microscopy slides of each of the two pure
cultures to determine if they are indeed pure.

PROCEDURE (to be done in pairs)

1. First attempt to obtain isolated colonies of the two organisms in your mixture by using
mechanical methods on an all-purpose growth medium, Trypticase Soy agar. Streak the mixture
on a plate of Trypticase Soy agar using one of the two streaking patterns illustrated in Lab 2, Fig.
4 and Fig. 5.

Animation showing how to streak an agar plate for isolation.

2. Streak the same mixture for isolation (see Fig. 4 and Fig. 5) on a plate of Columbia CNA agar
(selective for gram-positive bacteria).

e Micrococcus luteus growing on Columbia CNA agar.
o Staphylococcus epidermidis growing on Columbia CNA agar.

3. Streak the same mixture for isolation (see Fig. 4 and Fig. 5) on a plate of EMB agar (selective
for gram-negative bacteria and differential for certain members of the bacterial family
Enterobacteriaceae).

o Escherichia coli growing on EMB agar.
o Enterobacter aerogenes growing on EMB agar.

4. Incubate the three plates at 37°C until the next lab period.

Return to Menu for Lab 3

RESULTS

1. Observe isolated colonies on the plates of Trypticase Soy agar, Columbia CNA agar, and EMB
agar. Record your observations and conclusions.
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Trypticase Soy agar
Observations
Conclusions
Columbia CNA agar
Observations
Conclusions

EMB agar
Observations

Conclusions

2. Using any of the three plates, pick off a single isolated colony of each of the two organisms
in your original mixture and aseptically transfer them to separate plates of Trypticase Soy
agar (see Fig. 3). When picking off single colonies, remove the top portion of the colony
without touching the agar surface itself to avoid picking up any inhibited bacteria from the
surface of the agar. Use your regular plate-streaking pattern to inoculate these plates and incubate
at 37°C until the next lab period. These will be your pure cultures for Lab 5 (Direct and Indirect
stains).

Animation showing a portion of a single colony being "picked off."

Return to Menu for Lab 3

PERFORMANCE OBJECTIVES FOR LAB 3

After completing this lab, the student will be able to complete the following objectives:
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DISCUSSION

1. Given a mixture of a gram-positive and a gram-negative bacterium and plates of of Columbia
CNA, EMB, and Trypticase Soy agar, describe the steps you would take to eventually obtain pure
cultures of each organism.

2. Define: selective medium, differential medium, enrichment medium, and combination
selective-differential medium.

3. State the usefulness of Columbia CNA agar and EMB agar.
4. Describe how each of the following would appear when grown on EMB agar:

a. Escherichia coli
b. Enterobacter aerogenes
c. Salmonella

PROCEDURE

1. Using the streak plate method of isolation, obtain isolated colonies from a mixture of
microorganisms.

2. Pick off isolated colonies of microorganisms growing on a streak plate and aseptically transfer
them to sterile media to obtain pure cultures.

RESULTS

1. When given a plate of Columbia CNA agar or EMB agar showing discrete colonies, correctly
interpret the results.
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Pseudomonas Aeruginosa
By Murali Putty, EMLab™ Analyst

Pseudomonas aeruginosa is a gram-negative, aerobic rod measuring 0.5 to 0.8 um belonging to the
bacterial family Pseudomonadaceae. Like other Pseudomonads, P. aeruginosa secretes a variety of
pigments, including pyocyanin (blue-green), fluorescein (yellow-green and fluorescent), and pyorubin
(red-brown). P. aeruginosa is often preliminarily identified by its pearlescent appearance and grape-like
odor in vitro.

Pseudomonas aeruginosa is widespread in nature, inhabiting soil, water, plants and animals (including
humans). Identification of P. aeruginosa often includes identifying the production of both pyocyanin and
fluorescein. Its optimum temperature for growth is 37°C, and it is able to grow at temperatures as high as
42°C. Pseudomonas aeruginosa has very simple nutritional requirements. It is often observed "growing in
distilled water" which is evidence of its minimal nutritional needs. It is tolerant to a wide variety of
physical conditions. P. aeruginosa is capable of growth in diesel and jet fuel, where it is known as a
hydrocarbon utilizing microorganism (or "HUM bug"), causing microbial corrosion. It is resistant to high
concentrations of salts and dyes, weak antiseptics, and many commonly used antibiotics. These natural
properties of the bacterium undoubtedly contribute to its ecological success.
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Figure 1: Pseudomonas aeruginosa on Trypic Soy Agar (TSA).
Copyright © 2007 Environmental Microbiology Laboratory, Inc.

Pseudomonas aeruginosa is an opportunistic pathogen, causing urinary tract infections, respiratory system
infections, dermatitis, soft tissue infections, bacteremia, bone and joint infections, gastrointestinal
infections and a variety of systemic infections, particularly in patients with severe burns and in cancer and
AIDS patients who are immunosuppressed. Pseudomonas aeruginosa is primarily a nosocomial pathogen;
its infection is a serious problem in patients hospitalized with cancer, cystic fibrosis and burns. The case
fatality rate in these patients is 50 percent. According to the Centers for Disease Control (CDC), the
overall incidence of P. aeruginosa infections in the US hospitals averages 0.4 percent (4 per 1000
discharges), and the bacterium is the fourth most commonly isolated nosocomial pathogen accounting for
10.1 percent of all hospital-acquired infections. The most commonly encountered infection outside
hospitals is otitis externa ("Swimmer's ear"), of which P. aeruginosa causes 35-70%. They also cause eye
infections ranging from perulent conjunctivitis to iridocyclitis, keratitis and iritis, corneal ulcer and
panophthamitis. It is also a cause of "hot-tub rash" (dermatitis), caused by lack of proper, periodic
attention to water quality.
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Figure 2: Pseudomonas aeruginosa in Pseudomonas Isolation Agar.
Copyright © 2007 Environmental Microbiology Laboratory, Inc.

P. aeruginosa isolates may produce three colony types. Natural isolates from soil or water typically
produce a small, rough colony. Clinical samples, in general, yield one or another of two smooth colony
types. One type has a fried-egg appearance, which is large, smooth, with flat edges and an elevated
appearance. Another type, frequently obtained from respiratory and urinary tract secretions, has a mucoid
appearance, which is attributed to the production of alginate slime. The smooth and mucoid colonies are
presumed to play a role in colonization and virulence.

Like most environmental bacteria, P. aerugionosa lives predominantly in slime-enclosed biofilms adherent
to available surface from which it periodically releases (free-swimming) cells. Most Pseudomonas
infections are both invasive and toxinogenic. The ultimate Pseudomonas infection may be seen as
composed of three distinct stages: (1) bacterial attachment and colonization; (2) local invasion; (3)
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disseminated systemic disease. The slime-protected cells of P. aeruginosa produce remarkably few clinical
symptoms while they are in the process of progressively colonizing inert surfaces and tissue surfaces
within the host. The lipopolysaccharide layer helps the cell adhere to host tissues and prevents leukocytes
from ingesting and lysing the organism. Lipases and exotoxins then procede to destroy host cell tissue
which then leads to the complications associated with infection.

Only a few antibiotics are effective against Pseudomonas, including fluoroquinolones, gentamicin and
imipenem, and even these antibiotics are not effective against all strains. The best way to reduce the
spread of P. aeruginosa is to use good aseptic technique especially on hospital instruments and when in
contact with patients. The combination of gentamicin and carbenicillin is frequently used to treat severe
Pseudomonas infections.
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1. Murray, P.R., E.J. Baron, M.A. Pfaller, F.C. Tenover & R.H.Yolken (eds) 1995. Manual of Clinical Microbiology,
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Appendix B: Medium Formulations
& Preparation

Asparagine/Acetamide Broth: Media for
P. aeruginosa by MPN
Formulation of Asparagine Broth

Asparagine, DL 3.0g
Dipotassium hydrogen phosphate 1.0p
Magnesium sulfaie, heptahydrate 0.5e
Distilled water 1L
Preparation

Dissolve the ingredients in distilled water and adjust
pPH to 6.9 to 7.2. Sterilize.

Formulation of Acetamide Broth

Acctamide 10.0g
Sodium chloride S5.0g
Dipotassium hydrogen phosphate 1.39g
Porassium dihydrogen phosphate 0.73g
Magnesium sulfate. hepuhydratc O.5p
Phenot red 0.012g
Distilled water 1L
Preparation

Dissolve the ingredients in distilled water and adjust
PH to 6.9 to 7.2. Sterilize.

m-E/Esculin Iron Agar: Media for Enterococci
Formulation of m-E

Peptonc 10.0g
Sodiumnm chloride 15.0g
Esculin 1.0g
Yeast extract 30.0g
Actidione 0_050g¢
Sodium azide 0.150¢g
Agar 15.0g
Distilled water 1L
Additional Ingredients

Nalidixic acid 021
Triphenyl tetrazolium chloride 0. 15g
Preparation

Dissolve original ingredients in distilled water and
autoclave for 15 minutes at 121°C. Add additional in-
gredients and adjust pH to 7.1 4+0.1. Pour 3.5 mL into
50 mm plates.

Formulation of Esculin Iron Agar

Esculin 1.0g
Ferric citrate 0 5g
Agar 15.0g
Distilled water LL.
Preparation

Adjust pH to 7.1 4+ 0O.1. Autoclave at 121°C for 15
minutes. Pour in 3.5 mL amounts into S0 mm plates.
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m-PA: Medium for Pseudomonas aeruginosa
by MF
Formulation

Levin's  Standard Methods

L-lysine hydrochloride 5.0g 5.0g
Sodium chloride 5.0g 5.0g
Yeast extract 2.0g 2.0g
Xylose 2.5g 1.25¢
Sodium thiosulfate 6.8g 5.0g
Sucrose 12.5g 12.5g
Lactose 12.5g 12.5g
Phenol red 0.08g 0.08g
Ferric ammonium citrate 0.8g 0.8g
Mugnesium sulfate, heptahydrate 0 1.5g
Agar 15.0g 15.0g
Distilled water IL 1L
Antibiotic

Sulfapyridine (Nutritional Biochemicals) 0.176g
Kanamycin(Bristol-Myers) 0.0085g
Nalidixic acid(Cal Biochemicals) 0.037g
Actidione(Upjohn) 0.15g

Preparation

Dissolve all ingredients except antibiotics in distilled
water. Autoclave at 121°C for 15 minutes. Cool to 55
to 60°C. Adjust pH to 7.1 + 0.1 for Standard Methods
formulation. Adjust pH to 6.5 for Levin’s formulation.
Add the antibiotics and mix. Pour 3 mL into 12 by 50
mm plates,

m-T7: Medium for total and fecal coliforms
Formulation

Protease Peptone no. 3 (Difco) 5.0g
Yeast extract 3.0¢
Lactose 20.0g
Tergitol 7 (25% solution) 0.4 mL
Polyoxyethylene cther W-1 5.0g
Bromthymol blue 0.1g
Bromcresol purple 0.1g
Agar 15.0g
Distilled water 1L
Preparation

Dissolve all ingredients in distilled water. Autoclave
at 121°C for 15 minutes. Adjust the pH to 7.4+0.2.
Selectivity can be enhanced with the aseptic addition
of 0.Img per liter of penicillin g after autoclaving.

m-TEC: Medium for enumerating E. coli
Formulation

Protease peptone No. 3 (Difco) 5.0g
Yeast extract 3.0g
Lactose 10.0g
Sodium chloride 7.5g
Dipotassium hydrogen phosphate 3.3g
Potassium dihydrogen phosphate 1.0g
Sodium lauryl sulfate 0.2g
Sodium desoxycholate 0.1g
Bromcresol purple 0.08g
Agar 15.0g
Distilled water 1L

GG el all-obaall L sl 505 Sa

Preparation

Dissolve ingredients by stirring. Sterilize by autoclav-
ing at 121°C for 15 minutes. Pour 4 mL into 10 by
50 mm plates. The pH of the medium is 7.3 + 0.1.

m-TMM: Medium for total coliforms and E. coli
Formulation

Tryptonc 5.0g
Yeast extract 2.5g
Lactose 10.0g
Bromeresol purple 0.080g
Dipotassium phosphate 3.3g
Potassium phosphate 1.0g
MUG (4-methylumbellifery! (1.100g
-B-D-glucuronide)
Monesin (in 10 mL of 95% ethanol) 0.038¢
Tergitol 7 0.25 mL
Agar 15.0g
Distilled water 1L
Preparation

Dissolve the ingredients in distilled water. Autoclave
for 15 minutes at 121°C. The final pH is 7.2. Pour 3
mL into sterilized 47 mm plates.
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TABLE 5
Suggested Sample Volumes for Membrane Fiter Fecal Coliform Test"

Volume to be Fitered
m

Water Source 0 5% 0t 00 00 000
Lakes, reservorrs X X
Wells, springs X X
Water supply intake KX
Natural bathing waters X X
Sewage reatment plant

secondary effuent X X X
Farm ponds, rvers X X X
Storm water runoff X X X
Raw municipal sewage X X X
Feedlot rnoff X X X

“Standat! Methods for the Examinaton of Wer and Westawaler 16th ed, pago 898
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Membrane Filtration Method: Fecal
Coliforms

BIOL/CSES 4644

Virginia Polytechnic Institute and
State University

Introduction

The membrane filter (MF) technique is highly reproductible, can be used to test relatively large
volumes of sample, and yields numerical results more rapidly than the multiple-tube procedure.
The membrane filter technique is extremely useful in monitoring drinking water and a variety of
natural waters. However, the MF technique has limitations, particularly when testing waters with
high turbidity or noncoliform (background) bacteria. For such waters or when the membrane filter
technique has not been used previously, it is desirable to conduct parallel tests with the multiple-
tube fermentation technique to demonstrate applicability and comparability.

As related to the membrane filter technique, the coliform group may be defined as comprising all
aerobic and many facultative anaerobic, gram-negative, nonspore-forming, rod-shaped bacteria
that develop a red colony with a metallic sheen within 24h at 35°C on an Endo-type medium
containing lactose. Some members of the total coliform group may produce a dark red or
nucleated colony without a metallic sheen. When verified these are classified as atypical coliform
colonies. When purified cultures of coliform bacteria are tested they produce a negative
cytochrome oxidase (CO) and positive Beta-galactosidase (ONPG) reaction. Generally, all red,
pink, blue, white, or colorless colonies lacking sheen are considered non-coliforms by this
technique.
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Fecal Coliform Membrane Filter Procedure

Fecal coliform bacterial densities may be determined either by the multiple-tube procedure or by a
membrane filter (MF) technique. If the MF procedure is used for chlorinated effluents,
demonstrate that it gives comparable information to that obtained by the multiple-tube test before
accepting it as an alternative. The MF procedure uses an enriched lactose medium and incubation
temperature of 44.5 +/- 0.2°C for selectivity and gives 93% accuracy in differentiating between
coliforms found in the feces of warm-blooded animals and those from other environmental
sources. Because incubation temperature is critical, submerge waterproofed (plastic bag
enclosures) MF cultures in a water bath for incubation at the elevated temperature or use an
appropriate, accurate solid heat sink incubator. Alternatively, use an equivalent incubator that will
hold the 44.5°C temperature within 0.2°C (throughout the chamber), over a 24-h period, while
located in an environment of ambient air temperatures ranging from 5°C to 35°C.

1. Materials and Culture Medium

a. M-FC medium: The need for uniformity dictates the use of dehydrated media. Never prepare
media from basic ingredients when suitable dehydrated media are available. Follow
manufacturer's directions for rehydration. Commercially prepared media in liquid form (sterile
ampule or other) also may be used if known to give equivalent results.

b. Culture Dishes: Use tight-fitting plastic dishes because the MF cultures are submerged in a
water bath during incubation. Enclose groups of fecal coliform cultures is plastic bags or seal
individual dishes with waterproof (freezer) tape to prevent leakage during submersion.

c. Incubator: The specificity of the fecal coliform test is related directly to the incubation
temperature. Static air incubation may be a problem in some types of incubators because of
potential heat layering within the chamber and the slow recovery of temperature each time the
incubator is opened during daily operations. To meet the need for greater temperature control use
a water bath, a heat-sink incubator, or a properly designed and constructed incubator giving
equivalent results. A temperature tolerance of 44.5 +/- 0.2°C can be obtained with most types of
water baths that also are equipped with a gable top for the reduction of heat and water losses. A
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circulating water bath is excellent but may not be essential to this test if the maximum permissible
variation of 0.2°C in temperature can be maintained with other equipment.

2. Procedure

a. Selection of sample size: Use sample volumes that will yield counts between 20 and 60 fecal
coliform colonies per membrane. When the bacterial density of the sample is unknown, filter
several decimal volumes to establish fecal coliform density. Estimate volume expected to yield a
countable membrane and select two additional quantities representing one-tenth and ten times this
volume, respectively.

b. Filtration of sample: Follow the same procedure and precautions as described above.

c. Preparation of culture dish: Place a sterile absorbent pad in each culture dish and pipet
approximately 2 mL M-FC medium, prepared as directed above, to saturate pad. Carefully
remove any excess liquid from the culture dish. Place prepared filter on medium-impregnated
pad.

As a substrate substitution for the nutrient-saturated absorbent pad, add 1.5% agar to M-FC broth.

d. Incubation: Place prepared cultures in waterproof plastic bags or seal petri dishes, submerge in
water bath, and incubate for 24 +/- 2h at 44.5 +/- 0.2°C. Anchor dishes below the water surface to
maintain critical temperature requirements. Place all prepared cultures in the water bath within 30
min after filtration. Alternatively, use an appropriate, accurate solid heat sink or equivalent
incubator.

e. Counting: Colonies produced by fecal coliform bacteria on M-FC medium are various shades
of blue. Pale yellow colonies may be atypical E.coli; verify for gas production in mannitol at
44.5°C. Nonfecal coliform colonies are gray to cream-colored. Normally, few nonfecal coliform
colonies will be observed on M-FC medium because of selective action of the elevated
temperature and addition of rosolic acid salt reagent. Elevating the temperature to 45.0 +/- 0.2°C
may be useful in eliminating environmental Klebsiella from the fecal coliform population. Count
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colonies with a low power (10-15 magnifications) binocular wide-field dissecting microscope or
other optical device.

3. Calculation of Fecal Coliform Density

Compute the density from the sample quantities that produced MF counts within the desired range
of 20 to 60 fecal coliform colonies. This colony density range is more restrictive than the 20 to 80
total coliform range because of larger colony size on M-FC medium. Record densities as fecal
coliforms per 100 mL.

Compute the count by the following equation:

(total) Coliform colonies/100mL = (coliform colonies counted x 100) / (mL sample
filtered)

For verified coliform counts, adjust the initial count based upon the positive
verificationpercentage and report as "verified coliform count per 100 mL."

Percentage verified coliforms =
(number of verified colonies) / (total number of coliform colonies subjected to
verification) x 100.

BLoW R Ao, T B of, S R, N>l By

The plate in the upper left shows typical dark blue
fecal coliform colonies on a membrane filter after
incubation on M-FC agar. The plate in the lower
center (purple) is M-FC agar before use, and the
plate in the upper right (blue) is a control plate
streaked with an E.coli culture.
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Return to Water Testing Webpage.
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Drinking Water System for the Children's Dormit

Mae Nam Khun, Thailand

Background

With the dormitory and septic system complete, the
Seattle University EWB club returned to Mae Nam
Khun in August 2007 to install a drinking water
treatment system. Although the treatment system was
not part of the original plan, it was a logical step for a

-96 -



WWM-th ua..an c_i)aa]\} olsall aJ‘Ai G.AL':_)g Ll @U‘),\n-ew\ lzlajl_,:\.u)s;u

holistic project solution. This was particularly evident
when the 2006 EWB-team witnessed large amounts of
sediment in the water supply after a recent storm.

Previous investigations in MNK by the California
Polytechnic State University at San Luis Obispo
found that a 50,000 gallon water tank situated
approximately 300 feet in elevation above the
dormitory area was the source for the water
distribution system. The existence of pressurized
water and electrical power at the site provided good
conditions for a modernized yet sustainable drinking
water treatment system.

The System

In March 2007, SU-EWB partnered with the Society
of Environmental Engineers and Scientists (SEES is
an SU student chapter of the Water Environment
Federation) to construct a prototype water treatment
system which was demonstrated at the SU Student
Center on Earth Day 2007.

The system begins with a spin-down sediment filter
which removes particles that are 100-microns in
diameter or larger. This filter is self-cleaning as
trapped particles can be washed away with a turn of a
valve. Next, a washable, nylon filter bag removes
particles larger than 50-microns in diameter. This is
followed by an activated carbon cartridge (similar to a
Brita® filter) and finally a washable, 5-micron,
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pleated-cellulose cartridge filter which is a required
treatment step prior to disinfection with ultraviolet
light. In the event that distribution system pressure is
lost, water can be supplied to the system by a backup
submersible pump that can be immersed in a nearby
stream.

Spin-Down
Filter

Bag Carbon Cartridge
Filter  Filter Filter

Implementation

In August 2007, an SU-EWB
team consisting of faculty =
(Phil Thompson, Wes Lauer, m—
Pierre Gehlen) and students —S
(Ryan Daudistel *08, Chris
Stoll °08) installed the system
in MNK with the help of
Bangkok resident and SU
alumnus Akharint
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“Nok” Khuhapinant (°03) and two Chiang Mai
University environmental engineering students
Vorakorn "Nook" Somkarnsmai and Wanawan "Nan"
Pragot. Although the team took all of the necessary
supplies with them, they purchased a UV system from
L'Analytic Water Work LTD, a local supplier in
Chiang Mai (3 hours from MNK). This was done
when it was discovered that spare bulbs that had been
shipped by courier from the U.S. had been destroyed
in transit. The 'shipping experiment' revealed that the
annual replacement of the UV bulb would have to be
done with local materials, so a local system was
installed.

Upon installation, the system was tested for E. Coli
and general coliform bacteria using membrane filter
test kits.
The group
also tested
the water
from a slow
sand filter
that had
been
installed 5-months earlier and was being used for
drinking water. After 48 hours of incubation, the
testing revealed that there were approximately 100 E.
Coli per 100-ml sample from the sand filter but the
new system had improved the drinking water to near
bottled water quality!
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The system has a maximum flow rate of 21,600 liters
per day. The capital costs for this configuration was
about $1000. We estimate the annual operation cost
for bulb and cartridge replacement to be $500 or less
which would result in a maximum 30-year present
value of $9,600 or 0.007 cents (0.0025 baht) per liter
of water produced.

Plans for the Future

We hope to get more accurate annual O/M costs by
collecting life cycle data through a water system
monitoring project with CMU’s Environmental
Engineering Department. With the guidance of Dr.
Patiroop Polchan, CMU students Nan and Nook will
continue quarterly biological testing of the system,
and they will train additional students who will
succeed them upon graduation in June 2008. In
addition to monitoring water quality, these students
will assist in gathering life cycle information for
system components as well as water-borne illness data
from the local medical clinic.

In addition, Ms. Lawan Khumyahd from L'Analytic
Water Work LTD was a tremendous resource for
supplying water system components, and she
expressed a desire to help provide materials for
replacement or for new EWB water projects in
Thailand.
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Over the 2007-2008 school year, the EWB and SEES
clubs will be making modifications to the system,
including the addition solar power and hand

pumping. This would enable the system to be a stand-
alone unit capable of treating surface water in areas
without pressurized water systems or power.

Project Sponsors

This project was sponsored in part by the Associated
Students of Seattle University, The Endowed Mission
Fund, The College of Science and Engineering and by
our generous annual donors.
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COLIFORM IN
DRINKING WATER

©David B. Fankhauser, Ph.D.,
Professor of Biology and Chemistry
University of Cincinnati Clermont
College

Batavia OH 45103

[$File "Drinking_water.htm" was last

N modified on 01 Jun 2008. tap water (left) has no coliform
Membrane Filtration . . : . . .
This page has been accessed times since  |"filtered water" is on the right...
13 August 2001.

7/20/89, rvsd 6 August 1993, 23 July '95, 22 July '97, 19 July 98, 30 June 99, 17 July 00, 9 Aug 00

Modified from: Standard Methods for the Examination of Water and Wastewater, 14th Ed,
(1975). pages 928-935.

Students can test the drinking water from their homes, school, etc using this protocol. The health
standard for drinking water allows no more than 5 coliform per hundred mL. For this reason,
bacteria from 250 mL will be collected on a membrane filter, and grown on top of m Endo
medium. Coliform bacteria appear as red colonies on this medium. More than 13 colonies with
this assay does not meet health standards.

One student in 2001 tested her tap water before and after filtration through a water "purification"
device. The image shows two plates , the one on the left is tap water, the plate on the right is
water filtered through the filter. Clearly the filter is contributing bacterial load to the water.
These devices must be regularly changed and maintained in order to prevent such contamination.
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EQUIPMENT AND SUPPLIES:

Sterile 250 mL capped bottles (1/student)
sterile 47 mm petri dishes (1 per student)
sterile 47 mm memb. filters, 0.45 pm pores
sterile 47 mm millipore pads

vacuum pump

3 vacuum hoses joined with "T" joint

2 strong hose clamps

1000 mL side arm filter flask

m-Endo Broth MF powder

sterilized repipet in 250 mL bottle

) el pl-oladl L o5 oo

millipore filtering apparatus:

sintered glass platform in #8 stopper
glass cylinder, 300 mL capacity

800 mL beaker with 400 mL EtOH
150 mL beaker with 100 mL EtOH
triangle-tipped Tongs

forceps with bent tipped blade
Bunsen burner

protective eye wear

MAKE THESE TWO ILLUSTRATIONS WITH LISTED FEATURES LABELED:

(pay close attention to the location of the valves)

apparatus:

Vacuum Filtering
Apparatus:

Plate Ready for Incubation:

vacuum pump (exploded view)

on/off power switch
main vacuum line
main vacuum line clamp
T joint

relief valve clamp
filter flask

#8 stopper

screen platform
membrane filter

glass cylinder, 300 mL
cylinder clamp
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50 mm petri dish top

47 mm membrane filter

47 mm pad with 2 mL m-Endo MF
50 mm petri dish bottom
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I. COLLECTION OF WATER (Collect the same day as performance of assay):

Determine the precise name of your water district, record it in
your notebook.

Run tap water until it is cold (to clear out pipes, at least a
minute or so).

Fill sterile 250 mL capped bottle with water, rinse several
times, finally fill to neck, cap securely, maintaining sterility .

Il. PREPARATION OF 50 mL OF MEDIUM (for 20 assays):

a. For up to 20 determinations, weight out 2.4 g m-Endo Broth
MF
powder into 150 mL beaker.
b: Add 49 mL dH,0 and 1 mL EtOH.
c: Bring to boil, remove from heat immediately.

Using sterile technique, pour into sterilized repipet vessel.
Securely screw down repipet to container. Clamp to ring stand
for stability.
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I11. PREPARATION OF PAD:

sterile pad in petri dish:

BRE Y-

Broth

add 2.0 mL m-Endo

) el pl-oladl L o5 oo

Label 47 mm top of sterile petri dish with
initials, seat number, date & source.

Flame off EtOH from bent blade-tipped
forceps, pick up sterile pad, place in bottom
of sterile petri dish , replace cover.

Repipet 2.0 mL_ m-Endo Broth sterilely onto
pad , replace lid, keep bottom
down.

IV. SET UP PLATE: Note: Wear safety goggles, tie back hair, keep flammable materials

away from flame.

inadequate head space:  close relief valve:

PRELIMINARY': Check for adequate head
space in the filter flask to contain the water
you are about to filter. If inadequate, empty
out the flask into the sink, and replace the
support platform. If necessary, re-sterilize
surface of support platform with EtOH, turn
on vacuum briefly to dry, then tightly clamp
the main vacuum line.

Also, apply vacuum to the platform to
remove any water or alcohol remaining from
the previous filtrations by closing the relief
valve, opening the main valve, then closing
the main valve.
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Once the platform is dry:

open relief valve: tongs in alcohol:

~SET UP MEMBRANE FILTER: Flame off
y EtOH from blade forceps

pick up sterile membrane filter , (discard the
blue spacer discs)

center the membrane:

—.

center it on screen platform . Open main
vacuum line to hold membrane in place (turn
on pump if not on yet).
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V. THE DANGEROUS STEP: STERILIZING AND FLAMING THE CYLINDER

grasp with fingers, then
tongs:

Pass through flame to
ingnite, hold away from
people and beakers of
alcohol!

touch off excess alcohol

flaming stopped, grasp
with fingers

-107 -

STERILIZE THE CYLINDER
(Dangerous step): Ensure that all
surfaces of the glass cylinder are
immersed in 95% EtOH , pick up with
fingers (touch outside of the cylinder
only), invert.

Grasp cylinder upside down with
triangle-tipped tongs (Ekco, for instance)
and allow excess EtOH to drip into 800
mL beaker, touching off the last drops on
a paper towel.

CAREFULLY flame off the EtOH away
from EtOH beakers and other students).
It will flame up fairly high, but should
burn off in a few seconds. Pass quickly
through the flame once more to ensure
that all of the EtOH has been

removed.

Grasp the outside of the sterilized
cylinder with your fingers. (It should not
be too hot if you touched off the EtOH
before flaming.)
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SET UP FILTER APPARATUS:
Place sterile cylinder centered over the
membrane filter and support platform.
Clamp in place with spring clamp ,
vacuum still on.
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VI. FILTERING THE WATER AND APPLYING MEMBRANE TO PREPARED PAD:

Pour water into apparatus

FILTER WATER THROUGH:

Pour your 250 mL water sample into the

cylinder , monitoring that it is not leaking at
the clamped joint .

empty all 250 mL into
cylinder

[ §

The vacuum will draw the water through, and
all bacteria which may be in the 250 mL
sample will be trapped on the surface of the
membrane filter.

When all of the water has been drawn
through, unclamp and remove the cylinder ,
place it carefully back in the EtOH, top
down. (Do not let it drop into the beaker.)
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slip tweezers under gently lift membrane
membrane

!E\ I

transfer to prepared dish  slide over edge to drop onto

pad

do not let it rest on edge  |centered membrane on pad

3
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RELEASE VACUUM ON MEMBRANE
FILTER:

Clamp the main vacuum line shut and open
the relief valve to release the vacuum in the
flask. With sterile, EtOH-free blade forceps,
gently lift the edge of the membrane filter
and remove from the screen platform .
(Caution: the membrane filter is brittle.)

TRANSFER MEMBRANE FILTER TO
PREPARED PAD , avoiding bubbles by
lowering from one side first.

Rest it on far edge of petri dish, slowly pull it
across the edge down toward you until . . .

... itdrops down onto the pad.

If done properly, it will be
centered on the pad .

Ensure that the membrane is completely flat
on the pad.
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VII. INCUBATION AND CALCULATION OF RESULTS

INCUBATE the plate without inverting (pad-side
down) at 35C for 24 hours.

COUNT THE COLONIES: Record the total number
of colonies, and the number of coliform (red colonies)

. Divide by 2.5 to yield the number of bacteria per 100
mL. According to national health standards for
drinking water, the number of coliform/100 mL
should not exceed 5.

Most chlorinated tap water will have no bacteria in
250 mL, as seen on the left membrane in the first of
the nest set of pictures.

Enter your data in this sequence and format into your
notebook, and then into the spreadsheet for the class
table in the computer

Desk No. Initials Source in detail (water district)

Coliform/100 mL

tap water vs. "filtered" water

Williamsburg OH water

TOP: tap water and "filtered" water from the same

77 home. Note that filters must be changed regularly, or

else they become "nesting” places for bacteria.
MIDDLE: The two water samples shown are both
heavily contaminated.

BOTTOM: For years, Williamsburg had problems
with their water, as can be seen in the 8/14/00 sample.
We even had a village official tell a student it was
against the law for her bring in a sample of her own
water to test...
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Wilkes University

"W- Center for Environmental Quality
AA\/4

Environmental Engineering and
WILKES _
UNIVERSITY Earth Sciences
Fecal Coliform and Bacterial Testing

Total and Fecal Coliform
Bacteria Testing

E. Coli 0157:H7

Fecal COLIFORM BACTERIA

The total and fecal coliform bacteria test is a primary indicator of "potability” , suitability for
consumption, of drinking water. It measures the concentration of total coliform bacteria

associated with the possible presence of disease causing organisms.

Sources of Fecal Coliform
Potential Health Hazards
Fecal Colifrom Testing
Treatment
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SOURCE of Fecal Coliform:

Coliform bacteria are a natural part of the microbiology of the intestinal tract of warm blooded
mammals, including man. Coliform bacteria can also be found in soil, other animals, insects, etc.
The total coliform group is relatively easy to culture in the lab, and therefore, has been selected as
the primary indicator bacteria for the presence of disease causing organisms.

Potential Health Hazards:

Coliform bacteria are not pathogenic (disease causing) organisms, and are only mildly infectious.
For this reason these bacteria are relatively safe to work with in the laboratory. If large numbers
of coliforms are found in water, there is a high probability that other pathogenic bacteria or
organisms, such as Giardia and Cryptosporidium, may be present. The PADEP requires public
drinking water supplies to demonstrate the absence of total coliform per 100 mls (about 4 0z) of
drinking water. At this time, there are no regulations governing individual water wells. It is up to
the private well owner to have his or her water tested.

TESTING:

Approved tests for total coliform bacteria include the membrane filter, multiple tube fermentation,
MPN and MMO-MUG ("Colilert") methods. The membrane filter method uses a fine porosity
filter which can retain bacteria. The filter is placed in a petri (culture) dish on a pad with growth
enrichment media (mEndo) and is incubated for 24 hrs at 35 degrees C. Individual bacteria cells
which collect on the filter grow into dome-shaped colonies. The coliform bacteria have a gold-
green sheen, and are counted directly from the dish. Since some other bacteria may develop a
similar color, a confirmation test using more specific media is required. The confirmation
procedure requires an additional 24 to 48 hrs to complete the test for suspected positive total
coliform tests.

The MPN (most probable number) method uses a test tube full of media with a smaller inverted
test tube inside which captures carbon dioxide gas released from the growth of coliform bacteria.
A series of dilutions and replicates are set up, and those producing gas in 24 hrs at 35 degrees C
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are counted. A statistical analysis is used to determine the most probable number of bacteria cells
present.

Our laboratory uses a number of techniques including the membrane filter method. The sample
should be collected in a specially prepared, sterile whirl pack bag for the test to be valid. The bags
contain a small amount of sodium thiosulfate to remove any chlorine present, and have been
sterilized. Sample collection should be done very carefully and directly into the bottle from the
tap to avoid contamination of the bottle from hands or a transfer vessel such as a cup. The sample
should be kept cool and delivered to the lab within 6 to 24 hrs for analysis. Total coliform
bacteria testing is a relatively inexpensive when compared to the cost for the determination of the
concentration or presence of viruses, Giardia, or Cryptosporidium.

TREATMENT:

Bacteria are removed by disinfection and/or filtration. Filtration alone may not be completely
effective, but can improve the performance of disinfectants by removing sediment that can shelter
the bacteria. Methods of adding chlorine to water include solution feeders for dry chlorine or
liquid chlorine or by feeding gas chlorine directly from 100, 150, or 2000 Ib. cylinders. Gas
chlorination is recommended only for larger systems that can support the services of a trained
water treatment plant operator. Chlorine is normally dosed to a concentration sufficient to
maintain a free residual of at least 0.2 parts per million (PPM).

Other disinfectants include iodine, ozone, ultraviolet light, and physical methods such as boiling
or steam sterilization. Chlorination is still the most common disinfection method in the United
States, although recent concerns have been raised about the reaction of chlorine with organic
matter in water. Such a reaction can result in the formation of trihalomethanes, which are suspect
carcinogenic compounds. For most individual water supply systems, the most common form of
treatment is ultraviolet disinfection. For information on water testing, please visit our
Homeowner Outreach Webpage.

New Ozone Web Page

For More information about the Environmental Quality Center, please contact:

-115-


http://www.water-research.net/coliform.htm
http://www.water-research.net/coliform.htm
http://www.water-research.net/Giardia.htm
http://www.water-research.net/cryptosporidium.htm
http://www.water-research.net/watertreatment/chlorinecontact.htm
http://www.water-research.net/trihalomethanes.htm
http://www.water-research.net/homeowner.htm
http://www.water-research.net/ozone.htm

WWM-gtz saall G aall 5 olaall o ol ali 5 Gl el yall-olaall L sl 5 5 Saa

Attn: Mr. Brian Oram, Professional Geologist (PG)
Laboratory Director

Analytical Methods

MTEC agar method for Escherichia coli: U.S.

Environmental Protection Agency Method 1103.1.
Updated October 2007

The mTEC agar method is a two-step membrane-filtration
method for detection of Escherichia coli (E. coli). This
method can be done in the field or laboratory.

Yellow colonies that are not THEORY:

. : : E. coli turn pink to purple . .
E. coli colonies remain aRar iheiiaase tag MTEC agar plates are incubated at 35°C for 2 hours

yellow after the urease test. followed by incubation at 44.5°C for 22-24 hours. The
mTEC agar contains selective and differential agents.
Sodium lauryl sulfate and sodium desoxycholate inhibit
Gram + cocci and endospore-forming bacteria. Brom-cresol purple and brom-phenol red inhibit nontarget
bacteria and cause a color change from purple to yellow when lactose is utilized. Lactose is utilized on
mTEC by E. coli and other thermotolerant coliforms.

The mTEC method includes a second step—transfer of the membrane to another substrate for identification
of E. coli. After incubation, filter membranes containing yellow colonies are transferred to pads saturated
with urea-phenol solution. After 15-20 minutes of incubation on the urea substrate, colonies that are not E.
coli turn from yellow to purple. This color change is caused by the breakdown of urea by the enzyme urease
and a subsequent increase in pH. E. coli is urease negative, and colonies of E. coli remain yellow, yellow-
brown, or yellow-green.

USE:
The mTEC method is recommended for use in monitoring fresh, estuarine, and marine surface waters. It was
specifically developed to be used as a measure of recreational water quality.

MEDIA:
The mTEC medium is available commercially in the dehydrated form from Hardy Diagnostics (800/266-
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2222, Cat C7741 (500 g)). To prepare urea-phenol substrate, ingredients can be purchased from Fisher
Scientific (800/766-7000): phenol red (Cat AC41724-0050 (5 g)) and urea (Cat U15-500 (500 g)). (See
preparation instructions (Appendix F)).

Pre-poured plates can be purchased in lots of 20 plates from Fisher Scientific (Cat BD215126) or VWR by
special order. Other quantities and plate sizes are available from these manufacturers by special order.

Use phosphate buffered dilution water and 0.45 mm membrane filters. Buffer can be purchased from Hardy
Diagnostics (Cat D699 (99mL) or Cat U193 (500mL)). (See buffer preparation (Appendix M))
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Krackeler
Scientific,Inc.
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Welcome!

Catalog
You are not fiige s
logged in. All Categories >> Microbiology Media >> Dehydrated Media
Pall Gelman Microbiological Media
Search
Wide variety of sterile ampule media for common microbiological analyses in clear ~
Ao glass or plastic ampules. Premeasured for maximum efficiency and convenience. 2mL ‘
words ampules are a practical time-saving aid for culturing microorganisms on membrane 9
Go! filters. Ready to use; no dilutions necessary. ﬁ

Advanced Search
Login : For water analyses, use MF-Endo Broth or M-FC Broth. Total coliform colonies grown

Username: using MF-Endo Broth are deep reddish-purple with a metallic green sheen; fecal

li coliforms grown using M-FC Broth are royal blue. For beverage quality control
applications, use M-TGE Broth for total bacteria, or M-Green YM Broth for yeasts and

molds. Meet Membrane Filter (MF) Technique Standard Methods requirements with

2mL ampules (requirements referenced in Standard Methods for the Examination of
Water and Wastewater, 1992 APHA, AWWA, WEF, 20th Edition).

Login

Password:

New User?
Reqgister!
2mL wide-mouth glass ampules
Questions?
?8;334-7725 Cat.No. Name Use PK
518-462-4281 ©29-68100 M-FC Broth Fecal coliforms $36.49 - PK of 20
629-68101 M-FC Broth w/ Rosolic Acid Fecal coliforms $36.49 - PK of 20
Printer Friendly 2968102 MF-Endo Broth Total coliforms $36.49 - PK of 20

Version

2mL plastic ampules
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Cat.No. Name Use PK

629-4302 M-FC Broth w/ Rosolic Acid Fecal coliforms $64.09 - PK of 50
629-68105 MF-Endo Broth Total coliforms $64.08 - PK of 50
629-68106 M-TGE Broth Total bacteria $64.09 - PK of 50
629-68107 M-Green YM Broth Yeast and mold $64.09 - PK of 50

Total Display Time: 2.39 sec.

[RT2]

Home | Products | Ecological systems design | Water central |
Grey water central | Shopping cart
Water central |Water Storage (book)| Water guality testing (download)
l | Eecal coliform measurements | Wild Water Wisdom (article) |
designy/ Rainwater harvesting | Slow sand filters
You are here: Home > Water central > Quality > Water Quality Testing
Packet

Water Quality Testing
How to Do It Simply, Inexpensively and Accurately

BETA VERSION

On this page:
e Who needs this information?
o What the packet covers
e System requirements

o EXxcerpts

Summary: A set of downloadable files
which will help you learn how to do
water testing as simply and inexpensively
as possible.
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Village women in Mexico monitoring wells for nitrate contamination.

Testing village drinking water with Coliscan Membrane Filtration and Hach presence/ absence tests.
The coliform levels from the drinking water well were consistently lower than the purchased bottled
water, and frequently zero coloforms per 100 ml, which is a lower level than that frequently found in

bottled drinking water in the US.
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Tap water on right has no general coliforms. Same water after passing through a reverse/ osmosis
drinking water filter (left) is positive for general coliforms. It's about to be tested with a UV light to
see if it also has fecal colforms (it didn't).
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River water in background has 20,000 coliforms per 100 ml, 500 times more than is typically
considered safe for swimming. Amazingly, the water from the hand dug shallow well in the
foreground had zero.

/4 " Fecal coliforms

Photograph of a plate from a local swimming hole showing general and fecal coliform bacteria
concentrations (sample size is 5 ml).
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Who needs this information?

This information should be especially useful for lay people who have taken an interest in the
quality of natural waters or a water system, including water quality activists, surfers, managers of
small water systems (particularly those attempting to meet the onerous new clean water act
requirements for surface water supplies), rural homeowners, development workers, aid workers
and other water guardians who want to learn to test water or improve their existing testing
program.

The suppliers of water quality testing supplies seem to assume that users are well-versed in all
applicable lab techniques. They also seem to assume that users don't care how much the tests cost,
or how much trash is generated.

This packet is designed to give your water quality testing effort a boost by sharing what we've
learned about doing cheap, materials-efficient tests that help give an accurate picture of what is
going on.

These tests are somewhat, but not too technically involved. If you think you could do high school
chemistry lab experiments well if you did them over and over, you'll be fine. Detail orientation
and persistence are the keys.

What the packet covers

e How to estimate water flow

o How to test for electrical conductivity (total dissolved solids, or TDS)

o How to test for turbidity (suspended solids, or SS)

e How to test for general and fecal coliform bacteria

« Sources for recommended equipment and materials

o Editable field data entry forms

o Editable computer data entry/ analysis forms

o Examples of hundreds of water samples, showing how they were coded, described, plated,
and counted

-123 -



WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

The examples include samples showing the quality of natural waters, including:

« Oceans, beaches, lagoons, estuaries, surf breaks, and swimming holes
« Beaches

« Rain, tree canopy drip, natural surface runoff

o Groundwater

e Springs, seeps, creeks and rivers

o Natural pools and swimming holes

o Floodwaters

They also include samples from water and wastewater systems, including:

e Spring boxes, raw water pipes, treated water pipes
e Tank inlets, outlets

o The effect of ozone treatment

e Wells

« Ornamental fountains and pools
e Chlorinated water

e Roof runoff

o Harvested rainwater

e Road runoff

o Reverse osmosis tap water

o Raw sewage

o Clarified septic tank effluent

o Constructed wetland effluent

o Greywater

Author: Art Ludwig. Oasis Design, June 2004. 8.5x11, 34 pages, 7 tables. $14.95 for three file set
(3.21 mb).

You can download files (or have them e mailed to you) immediately after processing
your order.

- 124 -



WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

All files have a 30 day unconditional money back guarantee. If you are not satisfied
with the file for any reason, just let us know and your credit charge will be refunded in
full (there is no shipping/handling on files).

System and software requirements

All the information is in PDF format and can be viewed/printed with Adobe Acrobat' free reader

(download).

Microsoft Word is required to use the editable version of the instructions. Microsoft excel and
some idea of how to use it are required to use the editable version of the data entry spreadsheets.

At present there isn't any interpretation of the examples.

This item is new and still somewhat ragged around the edges. We're considering it a "public beta,"
until we hear back that it is working well for people.

If we'd found it at the start of our water testing program, it would have saved us thousands of
dollars of time. Please let us know if you've found it highly useful, incomprehensible, or
whatever, using our Feedback page.

Excerpts

Equipment and materials

General and fecal coliform testing materials
Do you need an incubator?
In order to get:

e any results in cold conditions
e best results in hot conditions
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o reliable results from the PA tests

you need an incubator. A lab incubator costs several hundred dollars. However, an inexpensive
incubator for baby chickens works, if you've got the patience to set the temperature carefully and
you keep it away from temperature swings and extremes.

hovabator 1602n incubator weight 4lbs 7.5 x18 x18 $33.95 912 236-0651 fax 234-9978.

A lightweight styrofoam incubator. It has it's own adjustable thermostat and provision for
humidifying the interior, which can help keep petri dishes from drying out in arid conditions.

General and fecal coliform levels from 20 to 20,000 per 100 mI%A cheap and easy
test

Use Coliscan® Easygel®.
Coliform Easygel (28001) - Coliform growth medium- 10 tests/set $13.50

Coliscan media have a refrigerated shelf life of 6 months. Frozen, they last a year or more. At
room temperature, a couple weeks.

You also need:

1 mL Dropper - # DRPO1 Dropper, sterile/individually wrapped -Price: $0.12 ea
or

3 mL Dropper - # DRP03 Dropper, sterile/individually wrapped - Price: $0.14 ea

See Micrology Labs contact info at bottom of next listing.

General and fecal coliform levels from 1 to 100 per 100mI-A somewhat more
difficult and time consuming test

Use Coliscan® Membrane filtration Kit.

The apparatus is more involved, the materials are still cheap.
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Coliscan MF Water Monitoring Kit - # CMFK2:

The kit comes complete. Kit includes: 1 Filtering apparatus, 1 Syringe with hose (vacuum
device), 2 Coliscan MF bottles, 20 membrane filters, 20 dishes w/ absorbent pad, 20 3 mL
Dropper, 5 filter support pads, Instruction and interpretation guide. $39.50

Coliscan media have a refrigerated shelf life of 6 months. Frozen, they last a year or more. At
room temperature, a couple weeks.

1 888 easygel 327-9435 http://www.micrologylabs.com/

Micrology labs is a small operation; you can get people who really know what they are talking
about on the phone.

General and fecal coliform levels, presence/ absence in up to 100ml
Presence/Absence Test, with MUG, disposable, twelve pack
Product #: 2401612, $ 40.30

In order to check for fecal coliforms, you also need a UV lamp: Hand-held, battery-operated,
long-wave UV lamp. Uses four AA batteries not included.

Product #: 2584600, $ 18.85

800 227-4224 http://www.hach.com/

Electrical conductivity, TDS and Temperature
| like the DiST®5 handheld EC/TDS/Temp meter. It has these featues:

e Adjustable TDS ratio
e Temperature in °C and °F
o Completely waterproof, can be fully immersed in water
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o Easy-to-read Custom Dual-level LCD

e Temperature Compensation (BETA B adjustable from 0.0 to 2.4)
« Replaceable Electrode

o Stability Indicator

o Battery Level Indicator

e Automatic calibration

e Auto shut-off

H198311: DIST® supplied complete with protective cap, 4 x 1.5V batteries and instructions....
$78.00

http://www.automatedaguariums.com/h_98311.htm
Automated Aquarium Systems,™ Inc.

545 South Pacific Street

Tustin, CA 92780 USA

email: sales@automatedaguariums.com

phone/fax: (714) 669-1196

Turbidity
If you have to have EPA reportability, this is the cheapest solution I know of:

2100P Portable Turbidimeter
Features

o Lab Quality Results in a Portable Unit

e Range: 0to 1000 NTU

o Selectable signal averaging mode compensates for fluctuations in readings caused by
movement of large particles in the light path

e Pre-programmed calibration procedure, with microprocessor-controlled adjustment of
calibration curve. No potentiometers to adjust

o Electronic zeroing: compensates for electronic and optical offsets. No manual adjustments
are required
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o Direct digital readout in NTU

e Meets or exceeds USEPA method 180.1 criteria

o Comes with six sample cells, 4 sealed vials of StablCal Primary Standards (<0.1, 20, 100,
and 800 NTU), Secondary Gelex Standards, silicone oil and oiling cloth

e Two-year warranty

Product #: 4650000 $ 837.00
800 227-4224 http://www.hach.com/

Air travel with water quality testing materials

Important note:If you're travelling by air with your water test equipment, be sure to take MSDS
sheets and a convincing story about how you are a water guardian, not a bioterrorist.

MSDS's are readily obtainable from the manufacturers.

See also:

Fecal coliform measurements
Water test results- Maruata

Slow sand filters

Sewers & water quality

Eco village house

Maruata at the Crossroads (book)
Wild Water Wisdom (article)
Understanding water class

Water central

Customer Satisfaction Survey
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WATER ANALYSIS

Water supplies have to be constantly monitored for a variety of materials----bacteria, nitrates,
pesticides, metals, etc. In this lab, you will analyze water for bacteria, and, in particular, an
indicator group of bacteria called the coliforms. Although you will be looking at the total counts
of aerobic bacteria in the water sample that YOU BRING TO LAB, the coliform bacteria are the
critical test organisms which are found in improperly treated water or water that has fecal
contamination. They have been used as such for most of the 20th century and still today.

Coliforms are bacteria that are naturally occurring in animals and in the environment: they are
indicators of other potentially harmful microorganisms in drinking water. They are all gram
negative bacteria that ferment lactose, and are non-sporeforming. EECAL coliforms,
exemplified by E. coli, indicate water contaminated with animal or human waste, i.e. feces.
Microbes in the fecal-contaminated water may cause food-borne illness that has short-term
symptoms—nausea, diarrhea, vomiting—or if severe enough may cause death. This is a real
problem in the immunocompromised, immunodepressed, and babies and children.

METHODS OF EVALUATING FOR BACTERIA

Membrane filter technique: Filtering 100 ml of water through a millipore filter with holes
smaller than the bacteria causes the bacteria to be trapped on top of the filter. The filter pad is
then placed on special coliform media which allows a colfirm count to be done.

Most probable number: The water sample is diluted and inoculated into a variety of specialized
media tubes. The MPN is determined with the help of a standard chart, based on the number of
tests that have turned positive.

The results are given as number of coliforms per 100 ml of water. If coliforms are present, the
lab will generally recommend that a second sample be analyzed. If the number of coliforms was
over 30, a second sample is essentially useless.
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Possible results:

One or more coliform bacteria/100 ml = "does not meet the bacteriological standard purity"
specific counts

too numerous to count (TNTC)

confluent growth

This lab incorporates a newer method of performing counts on bacteria, called Petrifilms from 3M
corporation. There is more information—-interpretation and photos—-on these materials at the
3M website. Since the aerobic counts include all coliforms, the water sample will be diluted out.
When the water sample is added to the dehydrated med, the water-soluble gel will rehydrate,
forming a thin media plate of sorts.

aerobic
count plate

OBJECTIVES:

Identify coliform bacteria using 3M Petrifilms.
Differentiate between coliforms and fecal coliforms.
Analyze water samples for bacterial counts.

MATERIALS NEEDED: per table
water sample
1 coliform/E. coli count petrifilm
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2 aerobic count petrifilms

1 ml pipettes

SCissors

2-99 ml phosphate dilution containers
humidified container to incubate petrifilm plates

THE PROCEDURE:

1. Bring water sample to class, preferably a rather dirty sample—not tap water.

2. Prepare a dilution of the water sample by taking a 1ml aliquot and placing it into a 99ml
phosphate buffer solution. This is the 1/100 dilution.

3. Using a fresh pipette, prepare a 1/10,000 dilution by taking a 1ml aliquot and placing it into
another 99ml phosphate buffer solution.

4. Be sure the containers are shaken well.

5. Place the Petrifilm flat on the table. Lift top film.

6. THE AEROBIC COUNT PLATE:

Place 1 ml of each dilution in the center of 2 petrifilm plates (already labeled with 1/100 and
1/10,000).

7. THE COLIFORM COUNT PLATE

Place 1 ml of the original water sample in the center of the petrifilm plate.

8. Release the top film and allow it to drop.

9. Using the small plastic spreader, ridge side DOWN, place it over the inoculum. Gently apply
pressure on spreader to distribute the sample over the circular area. Do not rotate or twist the
spreader.

10. Remove the spreader and wait at least 1 minute for the gel to form.

11. Incubate the plates with clear film side up in a humidifed container (1 for the entire class).
You may stack the petrifilms.

12. Incubate the petrifilms at 30 degrees C for 48 hours.

INTERPRETATION:

1. Count the colonies on a Quebec colony counter or other magnified light source (with clear
films down).

2. Refer to the INTERPRETATION GUIDE in print form or at the 3M website given above.
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3. After counting the clear film covers can be lifted, and the colonies can be used for testing or
staining.

AEROBIC COUNT PLATE:
“ + .. %%, . Thereisared indicator dye in the media gel that colors the colonies.
: : Count all red colonies of any size or intensity of red.

COLIFORM COUNT PLATE:

« 888 The pH indicator violet red is incorporated into the gel, along with bile
.~ ®which inhibits gram positive bacteria. In addition, there is an indicator
of the enzyme glucuronidase which will turn blue if the bacterium

¥ " . |makes the enzyme. You may also see carbon dioxide gas bubbles

i3 |between the film and the bottom of the petrifilm. Most E. coli make
both the glucuronidase and CO,, and those colonies will be blue or
blue-red. Non-fecal coliforms will be red colonies.

QUESTIONS:
1. What criteria are used to define the coliform group?
2. Why is there a dye added to the coliform petrifilms?

3. Why are coliforms used as indicator organisms for water impurity?
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City of Boulder/USGS Water Quality Monitoring

General Information on Fecal Coliform

by Sheila Murph

TOTAL AND FECAL COLIFORM BACTERIA

The coliform bacteria group consists of several genera of bacteria
belonging to the family enterobacteriaceae. These mostly harmless
bacteria live in soil, water, and the digestive system of animals.
Fecal coliform bacteria, which belong to this group, are present in
large numbers in the feces and intestinal tracts of humans and
other warm-blooded animals, and can enter water bodies from
human and animal waste. If a large number of fecal coliform
bacteria (over 200 colonies/100 milliliters (ml) of water sample)
are found in water, it is possible that pathogenic (disease- or
illness-causing) organisms are also present in the water. Fecal coliform by themselves are
usually* not pathogenic; they are indicator organisms, which means they may indicate the
presence of other pathogenic bacteria. Pathogens are typically present in such small amounts it is
impractical monitor them directly.

Swimming in waters with high levels of fecal coliform bacteria increases the
chance of developing illness (fever, nausea or stomach cramps) from pathogens

entering the body through the mouth, nose, ears, or cuts in the skin. Diseases and
ilInesses that can be contracted in water with high fecal coliform counts include
typhoid fever, hepatitis, gastroenteritis, dysentery and ear infections. Fecal
coliform, like other bacteria, can usually be killed by boiling water or by treating it with chlorine.
Washing thoroughly with soap after contact with contaminated water can also help prevent
infections.
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Fecal coliform, like other bacteria, can usually be killed by boiling water or by treating it with
chlorine. Washing thoroughly with soap after contact with contaminated water can also help
prevent infections.

Measurement of Fecal Coliform

Bacteria are single-celled organisms that can only be seen with the aid of a very
powerful microscope. However, coliform bacteria form colonies as they multiply,
which may grow large enough to be seen. By growing and counting colonies of
coliform bacteria from a sample of water, it is possible to determine
approximately how many bacteria were originally present.

There are several ways coliform bacteria are grown and measured. Methods commonly used
include the most probable number (MPN) method and the membrane filter (MF)
method.

In the MPN method, a "presumptive test™ is performed first. A series of
fermentation tubes that contain lauryl tryptose broth are inoculated with the water
sample and incubated for 24 hours at 35 [1[]C. Fermentation tubes are arranged in
3 or more rows, with 5 or 10 tubes per row, with varying dilutions of the samples
in the tubes. The fermentation tube contains an inverted tube to trap gases that are produced by
the coliform bacteria. After 24 hours, the fermentation tube is examined for gas production. If
there is no gas production, the samples are incubated for another 24 hours and reexamined. If gas
production is observed by the end of 48 hours, the presumptive test is positive; coliform bacteria
are present in the sample. A "confirmed test" is then performed to determine if fecal coliform
bacteria are present. For the confirmed test, some of the content of the fermentation tube is
transferred with a sterile loop to a fermentation tube containing another broth. The sample is

incubated in a water bath at 44.5 [1[]C for 24 hours. Gas production in the fermentation tube after
24 hours is considered a positive reaction, indicating fecal coliform. Based on which dilutions
showed positive for coliform and/or fecal coliform, a table of most probable numbers is used to
estimate the coliform content of the sample. The results are reported as most probable number
(MPN) of coliform per 100 ml (American Public Health Association, 1998).
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The MF method is more rapid than the MPN method, but the results are not as reliable for
samples that contain many non-coliform bacteria, high turbidity, and/or toxic substances such as
metals or phenols. The water sample is filtered through a sterile membrane filter. The filter is
transferred to a sterile petri dish and placed on a nutrient pad saturated with broth. The plates are
inverted, placed in watertight plastic bags, and incubated in a water bath at 44.5 degrees C for 24
hours. Colonies produced by fecal coliform bacteria are blue, and are counted using a microscope
or magnifying lens. The fecal coliform density is recorded as the number of organisms per 100
ml.

Sometimes the unit of colony producing units per 100 milliliters of water (CPU/100 ml) is used;
this is equal to the number of organisms per 100 ml.

Factors Affecting Fecal Coliform

0 Wastewater and Septic System Effluent

—mmmecal coliform is present in human waste, so the bacteria goes down the drains in
Lj/ our houses and businesses, and can enter streams from illegal or leaky sanitary
- . . . . . .

sewer connections, poorly functioning septic systems, and poorly functioning
wastewater treatment plant (WWTPs) effluent.

Animal Waste

A significant amount of fecal coliform is released in the wastes
Wl produced by animals. This can be a serious problem in waters
&
- “near cattle feedlots, hog farms, dairies, and barnyards that have

-
e
#ﬂ. poor animal keeping practices and waste is not properly contained. In urban

areas, fecal coliform can be contributed to surface water by dog, cat, raccoon,
and human waste when it is carried into storm drains, creeks, and lakes during storms.

Sediment Load
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High amounts of sediment are often related to high concentrations of pathogenic bacteria. The
bacteria can attach to sediment particles, escaping invertebrate predators (Murdoch and Cheo,
1996). Fast-running water can carry more sediment, so higher levels of bacteria can occur during
high runoff events. Bacteria are much more abundant on soils than in water.

Temperature

Bacteria grow faster at higher temperatures. The growth rate slows drastically at very low
temperatures.

Nutrients
High levels of nutrients can increase the growth rate of bacteria.

Water Quality Standards Regarding Fecal Coliform

The U.S. Environmental Protection Agency (EPA) requires all drinking water systems to
2 _ monitor for total coliforms in distribution systems. The EPA states that no more than

% 5.0% of samples can test positive for total coliform in a month. (For water systems that
collect fewer than 40 routine samples per month, no more than one sample can be total coliform-
positive). Every sample that has total coliforms must be analyzed for fecal coliforms. There
cannot be any fecal coliforms in drinking water ( U.S. EPA Office of Water current drinking
water standards ).

For treated drinking water, Colorado Department of Public Health and Environment Water
Quality Control Division (CDPHE-WQCD) regulations are similar to those of U.S. EPA, there
cannot be any fecal coliform in treated drinking water (see CDPHE-WQCD Primary Drinking
Water Regulations for more information).

For domestic water supply, CDPHE-WQCD regulations state that fecal coliform count shall not
exceed 2000 fecal coliforms per 100 ml (based on geometric mean of representative samples) (see
Reg. 31, Basic Standards and Methodologies for Surface Water ).
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~1CDPHE-WQCD regulations state that waters used for Class 1 primary contact (including
such activities as swimming, rafting, and kayaking) should not have fecal coliform counts
above 200 fecal coliforms per 100 ml. Waters used for Class 2 secondary contact (non-
primary contact waters, including, but not limited to, fishing and other streamside or lakeside

recreation) should not have fecal coliform counts above 2000 fecal coliforms per 100 ml.
Other Information About Fecal Coliform

The fecal coliform group includes all of the rod-shaped bacteria that are non-sporeforming, Gram-
Negative , lactose-fermenting in 24 hours at 44.5 [1[JC, and which can grow with or without
oxygen.

Fecal coliform is a type of fecal bacteria. Another type of fecal bacteria is Fecal Streptococcus .
Fecal Streptococcus is a group of bacteria normally present in large numbers in the intestinal
tracts of warm-blooded animals other than humans.

For information on how drinking water is treated to remove bacteria, see The City of Boulder's
water quality fact sheet .

*Some strains of Escherichia coli , which are a type of fecal coliform, can cause intestinal illness.
One such strain is E. coli 0157:H7, which is found in the digestive tract of cattle. For more
information on E.coli O157:H7 and other pathogenic bacteria, see the U.S. FDA Center for Food
Safety & Applied Nutrition's "Bad Bug Book™ .

Select here for a list references used in the preparation of this information
Select here for general information about other water quality parameters.

Select here for interpretation of Temperature data in the Boulder Creek Watershed

- 139 -


http://www.cdphe.state.co.us/cdphereg.asp#wqreg
http://www.ci.boulder.co.us/publicworks/depts/utilities/water_quality/dinking/fact_sheets/2.htm
http://www.ci.boulder.co.us/publicworks/depts/utilities/water_quality/dinking/fact_sheets/2.htm
http://vm.cfsan.fda.gov/~mow/intro.html
http://vm.cfsan.fda.gov/~mow/intro.html
http://bcn.boulder.co.us/basin/data/info/references.html
http://bcn.boulder.co.us/basin/data/BACT/info/index.html
http://bcn.boulder.co.us/basin/data/BACT/bc/FColi.html

WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

- 140 -



Annex 11
s o)) alall






WWM-gtz oaaall G jeall g slaal o )l i 5 M) el sal-olsall Lim o) 55 S0

Jump to main content.

Pathogen Equivalency Committee (PEC)

Contact Us Search: C All EPA ® This Area ﬂ

e You are here: EPA Home
e Research & Development
¢ Risk Management Research

e Land
e PEC
« QAPP
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Quality Assurance Project Plan (QAPP)

Maintaining a respirometer that measures a sample's oxygen usage.

Table of Contents

e Introduction

o Elements: Analytical Methods Common to Most QAPPs Prepared for Equivalency
Recommendations

o Design - Goals and Objectives, Scale, and Scope

o Elements: Quality Assurance & Quality Control Measures

o Design - Pointers on Select Details

e Resources
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Introduction

In reviewing Process to Further Reduce Pathogens and Process to Significantly Reduce Pathogens
equivalency applications, the Pathogen Equivalency Committee (PEC) will verify that the results
submitted in support of a process are statistically significant and were acquired taking into
account appropriate quality assurance and quality control measures. (See Tip box below.) In some
cases, the PEC may conduct on-site reviews.

A quality assurance project plan (QAPP) should be developed before beginning testing so that the
desired quality in sample collection, laboratory analysis, data validation and reporting, and
documentation and record keeping is achieved and maintained. A QAPP is a written document
that provides a blueprint for the entire project and each specific task to ensure that the project
produces reliable data that can be used to meet the project's overall objectives and goals.

TIP

Applicants are now required to prepare and submit a quality assurance project plan for the PEC
to review prior to conducting any research in support of their application for equivalency. Very
few exceptions to this requirement will be granted. PEC review and approval of an applicant’s
project plan prior to data collection will save time and money in the long run by ensuring that the
proper data is collected in an appropriate manner and unnecessary data collection is eliminated.

The information required in the application for equivalency recommendation is largely drawn
from the QAPP requirements. The extensive overlap between the QAPP and the application is
evident in the combined Completeness Checklist below that the PEC uses to evaluate both
documents. For this reason, careful preparation of a QAPP will serve as a good head start on the
application itself. To assist the applicant in developing such a plan, QAPP Guidelines for Applied
Research Projects are provided below. This guidance document contains information on
requirements for the project description and objectives, project organization, experimental
approach, sampling procedures, testing and measurement protocols, Quality Assurance/Quality
Control checks, data reporting, data reduction, data validation, assessments, and references.
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An anaerobic digester.

Some basic information on sampling procedures and analytical methods which may be useful in
the development of a QAPP are summarized on this page and discussed in greater detail in
Chapter 9 (PDF) (11 pp, 601 KB) of EPA/625/R-92/013. A list of quality management tools,

including references and training to assist with the development of a QAPP can be found on the
EPA's Quality System Web site. The Uniform Federal Policy for Quality Assurance Project Plans
(EPA/505/B-04/900A) is another document you may wish to reference. This very thorough
document is the result of collaboration between EPA, DoD, and DOE to standardize QAPP
requirements and definitions. In addition to consulting these publications, applicants are
encouraged to contact a Quality Assurance/Quality Control expert, statistician, or the PEC as they
develop their testing plan, to discuss the quality assurance project plan and proposed sampling
techniques.

Top of page
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Elements: Analytical Methods Common to Most QAPPs Prepared for
Equivalency Recommendations

Fecal Coliform (either EPA method is preferred)

EPA Method 1680 (PDF) (51 pp, 1.11 MB): Fecal Coliforms in Sewage Sludge
(Biosolids) by Multiple-Tube Fermentation using Laurel-Tryptose Broth (LTB) and EC
Medium

EPA Method 1681 (PDF) (50 pp, 889 KB): Fecal Coliforms in Sewage Sludge (Biosolids)
by Multiple-Tube Fermentation using A-1 Medium

Standard Methods for the Examination of Water and Wastewater Methods (18" ed.) 9221
E: Multiple-Tube Fermentation Technigque Fecal Coliform Procedure, used in conjunction
with Control of Pathogens and Vector Attraction in Sewage Sludge, Appendix F: Sample
Preparation Fecal Coliforms in Sewage Sludge (Biosolids) by Multiple-Tube Fermentation
using A-1 Medium (PDF) (4 pp, 366 KB) (EPA/625/R-92/013) Revised July 2003
Standard Methods for the Examination of Water and Wastewater Methods (18" ed.) 9222
D: Membrane Filter Technique Fecal Coliform Procedure, used in conjunction with
Control of Pathogens and Vector Attraction in Sewage Sludge, Appendix F: Sample
Preparation Fecal Coliforms in Sewage Sludge (Biosolids) by Multiple-Tube Fermentation
using A-1 Medium (PDF) (4 pp, 366 KB) (EPA/625/R-92/013) Revised July 2003
(acceptable for PSRP equivalencies only)

Salmonella spp.

EPA Method 1682 (PDF) (48 pp, 1 MB): Salmonella in Sewage Sludge (Biosolids) by
Modified Semisolid Rappaport-Vassiliadis (MSRV) Medium

EPA/625/R-92/013, Appendix G (PDF) (9 pp, 425 KB): Kenner and Clark (1974)
Analytical Method for Salmonella sp. Bacteria, used in conjunction with Control of
Pathogens and Vector Attraction in Sewage Sludge, Appendix F: Sample Preparation for
Fecal Coliform Tests and Salmonella sp. Analysis (PDF) (4 pp, 366 KB) (EPA/625/R-
92/013) Revised July 2003

- 145 -


http://www.epa.gov/waterscience/methods/method/biological/1680_1.pdf
http://www.epa.gov/waterscience/methods/method/biological/1681_1.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pec/basic.html#whatare
http://www.epa.gov/waterscience/methods/method/biological/1682.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appG.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf
http://www.epa.gov/nrmrl/pubs/625r92013/625R92013appF.pdf

WWM-gtz oaeall o all g obaall o il zali M) el ll-obaall Lia ol gy 9 Sa

Enteric Viruses

o Control of Pathogens and Vector Attraction in Sewage Sludge, Appendix H: Method for
the Recovery and Assay of Total Culturable Viruses from Sludge (PDF) (16 pp, 355 KB)
(EPA/625/R-92/013) Revised July 2003

e Viable Helminth Ova

o Control of Pathogens and Vector Attraction in Sewage Sludge, Appendix I: Test Method
for Detecting, Enumerating, and Determining the Viability of Ascaris Ova in Sludge
(PDF) (7 pp, 510 KB) (EPA/625/R-92/013) Revised July 2003

Percent Total and Volatile Solids (either method is acceptable)

o EPA Method 1684: Total, Fixed, and Volatile Solids in Water, Solids, and Biosolids

o Standard Methods for the Examination of Water and Wastewater Methods 2540 B & E:
Total Solids Dried at 103 - 105°C and Fixed and Volatile Solids Ignited at 500°C or
Method 2540 G: Total, Fixed, and Volatile Solids in Solid and Semisolid Samples

Optional and Surrogate Indicator Organisms

Specific methods for the analysis of optional and surrogate indicator organisms are not mandatory
unlike the organisms used for microbial compliance monitoring of biosolids whose methods (as
listed above) are specified by 40 CFR 503.8. However, acceptable protocols for analysis of
microbial indicator organisms and specific pathogenic microorganisms have been developed for
water, wastewater, soils, foods and other matrixes which have been incorporated into
compendiums of industry standard assays or defined as Agency approved methods. Specifically,
the references listed below identify methods which may be useful for analysis of biosolids.
Caution should be used when selecting and using methods for alternate or surrogate indicator
organisms since none of these methods have been subject to multi-laboratory validation studies
for sewage sludge or biosolids.

« American Public Health Association, Standard Methods for the Examination of Water and
Wastewater 21% Edition. 2005. Washington D.C.
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e American Public Health Association, Compendium of Methods for the Microbiological
Examination of Foods 4™ Edition. 2001. Washington D.C.

« U.S. Food and Drug Administration, Bacteriological Analytical Manual 8" Edition. 1998.
Washington D.C.

o U.S. Environmental Protection Agency, EPA Microbiology Home Page. 2007.

Top of page
Design - Goals and Objectives, Scale, and Scope

Goals and Objectives

Performing membrane filtration for microbial enumeration.

The goals and objectives of a QAPP prepared for the purposes of supporting an equivalency
application will have the same standard components. The goal of such a QAPP will be to support
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the equivalency of the process in question to a process to further (or significantly) reduce
pathogens on a site-specific or national basis.

The objectives will vary depending on the type of equivalency because the criteria for verifying
efficiency differ between a process to significantly reduce pathogens and a process to further
reduce pathogens. (See the Equivalency Criteria page.) However, regardless of the equivalency
type, the data should be defensible in demonstrating that the process is consistently capable of
pathogen reduction on par with accepted processes.

Using a pipette to make accurate volumetric measurements.
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Scale

Typically, to receive an equivalency recommendation, laboratory work is performed to establish
the boundary conditions of all key process variables, and then pilot or full-scale testing is
performed to demonstrate successful scale-up. The required elements of a QAPP can be quite
different depending on scale. If laboratory-scale testing is to be used, the applicant may find it
easier to divide their research into two phases and carry out the work under separate QAPPs, one
for the laboratory-scale work and one for the scale-up work.

Planning a pilot-scale study includes some special considerations if one of its goals is to gather
data for scaling up the process to a plant scale. The pilot unit should be truly representative of a
full-scale operation. (See definitions of scale.) The conditions of the pilot-scale operation should
be no more severe than those expected of the full-scale operation. These conditions will likely
include for example, degree of mixing, nature of the flow (batch vs. flow though units and degree
of short-circuiting in flow through units), vessel sizing, and proportions of the chemicals used.
Any substantial departure in process parameters between the pilot-scale and the full-scale systems
that has the potential to reduce the effectiveness of the process will invalidate any approvals given
and will require a retest at the new condition.
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Scope

A-1 broth inoculation tubes from a multiple tube fermentation analysis for fecal coliform
density.

As discussed in the Basic Information web page, whether the goal is a site-specific or a national
equivalency will also play a role in the overall QAPP design. For site-specific equivalencies work
only needs to be performed on sludge collected from one location. For a national equivalency,
however, the work must be repeated with significantly varying sludges. This would entail a
combination of laboratory studies on a wide variety of sludges followed by scale-up testing using
at least one sludge/location. Or if preferred, a mobile pilot-unit could be constructed and used for
all testing, eliminating the need for laboratory studies.

Note that the pilot unit must be a true pilot-scale of the final full-scale system for the equivalency
recommendation to apply to the full-scale and not just the pilot scale. (See the pilot-scale
definition for more discussion on what is considered a true pilot-scale.)

Top of page
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Elements: Quality Assurance & Quality Control Measures

Quality Assurance Measures refer to protocols or activities undertaken to assure the
reliability of the data collected. These measures generally apply widely to the project as a
whole. Examples of quality assurance measures include, but are not limited to the
following:

o Holding times for microbial samples are generally 24 hours or less. A provision for
checking holding times and consequences of holding time exceedances should be
included.

o Sample representativeness with respect to sampling and handling procedures can
be assured through the use of duplicate sampling. An acceptable range of relative
percent difference between a sample and its duplicate (typically 20%) should be
set. Data falling outside this range is invalid.

o Sample representativeness with respect to sample processing and analysis can be
assured through replicate analysis. An acceptable range of relative standard
deviation among replicate analyzes (typically 10%) should be set. Data falling
outside this range is invalid.

o Calibration and maintenance procedures, schedules, and standards (if applicable)
must be specified for all equipment used through the study. For example,
temperatures of refrigerators and incubators used should be verified with
independent thermometers on a regular basis. Calibration of pH probes should be
performed using appropriate standard solution ranges, etc.

Quality Control Measures refer to actions included to assure that defined standards are
met in the analysis of data. These measures are generally analyte or method specific and
are often defined within the method procedure itself. Not all types of controls are
necessary for every analyte. Examples of quality control measures that should be
incorporated in a QAPP designed to support process equivalency include, but are not
limited to the following:

o Method blanks to ensure the workspace, handling procedures, and reagents are free
from contamination. For example, processing a sample of reagent-grade water
along with normal samples when measuring percent total solids. This method
blank may not be zero, but should be insignificant compared to the actual samples
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(e.g., % solids of the blank should be less than 10% of the lowest measured
sample) or the entire data set will be invalid. Some method blanks may be a simple
positive or negative. For example, incubation of one MPN tube without inoculation
(media control) and one MPN tube after inoculation with pure dilution water when
measuring fecal coliform.

o Positive and negative controls establish that the method is working as designed.
For these controls, something known to produce the appropriate effect is to be
added. For example, inoculating MPN tubes with pure cultures of E. coli and
Enterobacter spp. would be a positive and negative control, respectively, for fecal
coliform measurement.

o Matrix Spikes are necessary for methods that are known to have low or
inconsistent percent recoveries. This includes helminth (Ascaris) ova and enteric
viruses, which can have percent recoveries as low as 10-30%. In matrix spikes,
known quantities of the analyte are added to the sample. After subtracting out the
background level naturally present in the unspiked sample, a percent recovery can
be calculated by dividing the measured value by the known spiked value. The
matrix will affect the percent recovery so this test must be performed for the
untreated and the finished product.

Top of page
Design - Pointers on Select Details

Proper project design and sampling techniques are of utmost importance to producing a successful
QAPP. Though not all-inclusive, some important points to consider when planning your QAPP
include:
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Finished biosolids in a storage shelter.

o Accepted, state-of-the-art techniques for sampling and analyzing sludge should be used to
ensure the quality of the data.

e The choice of sampling device should be appropriate for the physical characteristics of the
sludge (viscosity and solids content).

o Effort must be made to minimize the possibility of sample contamination.

e The samples should be representative of the random and cyclic variation in sludge
characteristics that occur during treatment. Representative samples can be obtained by
compiling composite samples over volume, by ensuring that each grab sample or aliquot
of a composite sample is as representative as possible of the total stream flow passing the
sampling point, by establishing an appropriate frequency of sampling that accounts for
variation, and by taking an appropriate number of samples to account for variation.

e A pair of input and output samples of non-batch systems can be drawn simultaneously.
However, to ensure that measurements are independent, samples should not be taken on
successive days. At least one estimated sludge retention time should separate each
successive pair of input and output samples.

o If ambient conditions affect sludge microbial characteristics, sludge should be sampled
after treatment under the least favorable conditions.

« Sampling, packaging, and shipping procedures should not alter the sludge character or
quality.
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o Laboratories providing analytical services should be experienced in the analysis of
municipal sludges and biosolids and should be able to demonstrate compliance with

analytical quality assurance protocols.

o Field verification and documentation by independent or third-party investigators is

desirable.

Top of page

Resources

You will need Adobe Reader to view some of the files on this page. See EPA's PDF page to learn

more.

Below are some resources to assist in the development of a successful and useful quality
assurance project plan. Two example QAPPs and mock reviews of these QAPPs using the
Completeness Checklist are provided. Although neither QAPP pertains to biosolids or, more
specifically, the planning of a project to demonstrate Process to Further Reduce Pathogens or
Process to Significantly Reduce Pathogens equivalency, the examples and mock reviews do
illustrate the type of information that is required in a well-written QAPP.

QAPP Guidelines for Applied Research Projects (PDF) (5 pp, 110
KB) | 508-Compliant Version

An annotated outline providing specific information on what to include
in a well designed quality assurance project plan.

Example QAPP - Biofilm Growth (DOC) (16 pp, 220 KB)
This example QAPP is entitled Growth rate of Biofilm Organisms in a
Distribution System.

Example QAPP - Particulate Nutrients (DOC) (19 pp, 236 KB)
This example QAPP is entitled Analysis of Particulate Bound
Nutrients in Storm water.

EPA's Quality System Web site
Additional resources to assist in the development of a quality
assurance project plan can be found on this Web site.

Completeness Checklist (DOC) (8 pp, 263 KB)

This checklist is used by the PEC to review submitted QAPPs and
equivalency applications. It is provided to help applicants double-
check that all required and applicable elements have been addressed in
their QAPP/equivalency application before submittal.

QAPP Checklist for Biofilm Growth (DOC) (8 pp, 251 KB)
A Completeness Checklist was filled out for the biofilm growth QAPP
in a mock review showing the strengths and weaknesses.

QAPP Checklist for Particulate Nutrients (DOC) (9 pp, 252 KB)
A Completeness Checklist was filled out for the particulate nutrients
QAPP in a mock review showing the strengths and weaknesses.

Uniform Federal Policy for QAAPs
This document is a useful reference that provides detailed definitions
of common QAPP elements.
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You will need MS Word Viewer to view some of the files on this page. See About MS Word
Viewer ExiTbisclaimer|to learn more.

Top of page

Local Navigation

o Pathogen Equivalency Committee Home
e Basic Information

o Equivalency Criteria

e Principal Biosolids Guidance

e Equivalent Processes

o State & Regional Biosolids Coordinator
e How to Apply

e Quality Assurance Project Plan

o Related Links

e Risk Management Research Home

e EPA Home
¢ Privacy and Security Notice

« Contact Us
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Detection

Basic methods used for “total” numbers are

1.
2.

Standard Plate Counts (SPC) for viable cells
The most-probable numbers (MPN) for
viable cells (statistical determination)
Dye-reduction techniques for viable cells that
posses reducing capacities

Direct Microscopic Counts (DMC) for both

viable and nonviable cells
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Alternative Plating Techniques

Spiral Plating

© Using Spiral plater

- Continuously distributes the liquid
inoculum on the surface of a rotating agar
plate

- Results in depositing the sample in
an Archimedes spiral

- After inoculation colonies will
grow intensively near the center of the
plate while fewer grow toward the edge

- Approved by Assciation of Official
Analytical Chemists (AOAC)
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Spiral Plating

Advantages Disadvantages
- Less agar is used - Food particles may block the
- Fewer plates and dispensing stylus

pipettes are required
- Little training is
required for its operation

It is more suitable tor use of
liquid food

- It is expensive

is more suitable for use of liquid

food
- It is expensive
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Membrane Filters

* Membranes with a pore size will retain bacteria

(generally 0.45 pm)
* Then the membrane is placed on an agar plate
= Collected microorganisms are viewed and counted
® Suitable for samples that contain low numbers of bacteria

= Example of membrane filters is Hydrophobic Grid
Membrane Filter (HGMF)
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Membrane filter
removed and

Water sample filtered
through membrane
filter (0.45 um)

Incubation
for 24 hours
e

%embnne filter g
1 on a filter support

Typical
colonies
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Membrane Filter

Advantage

More than 100ml samples can be tested.
Effective and acceptable technique. Used to
monitor drinking water in government
laboratories.

one of a few methods that will allow the

isolation and enumeration of microorganisms
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Advanced by Sharpe and Michaud

Widely used to enumerate microorganisms
from a variety of food products

1,600 wax grids on a single membrane filter
(hydrophobic wall to prevent the spread of
colony)

Can detect as few as 10 cells/g

Can be used to enumerate all cfu’s including
indicator organisms

Approved by AOAC for total coliforms, fecal

coliforms, and salmonellae
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The Most-Probable Number

-Presumptive test
*#*Determine by gas produced

-Confirmed test
%#Streak on EMB agar plate

-Completed test
“*Tranferring to lactose broth
and NA slant
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The Most-Probable Number

§
8838 2888608 RUNEBN

8

Partoer for the Future
Worldwide

-] 56
12 65
12 67
15 77
16 80

S 86
10 110
20 140
10 120
20 150
30 180
20 170
30 210
40 250
30 250

18.04.2010 Seite Yo

The Most-Probable Number

Advantages

Disadvantages

It is relatively simple
Results from one laboratory
are more likely than SPC
results to agree with those
from another laboratory
Specific groups of
microbes can be
determined by use of
appropriate selective and
differential media

It is the method of choice
for determining fecal
coliform densities

Not all organisms reduce
the dyes equally

Not applicable to food
specimens that contain
reductive enzymes
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Dye Reduction

Estimate the number of viable organisms in suitable
products

Methylene blue and resazurin

Add prepared supernatants of food to standard
solution

Methylene blue : blue = white

Resazurin : blue = pink ot white

Time used is inversely proportional to the number of
organisms in the sample

A long history of use in the dairy industry, especially
to measure microbial quality from raw milk
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Direct Microscopic Count

Smears of food specimens or cultures onto a

microscope slide
Stain with an appropriate dyes
View and count cells with the aid of microscope

Widely used in dairy industry
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Grid with 25 large squares

Cover glass
.
v IS \
SETRE
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|~ P = " 4 }
i B S v v
Bacterial suspension is added here 4o S
and fills the shallow volume over the -3 - )
squares by capillary action. \ #
AN SANE
Bacterial
suspension e Microscopic count: All cells in
several large squares are
Cover glass counted, and the numbers are
averaged. The large square
r o~ 1 shown here has 14 bacterial cells.
Slide ——— A S |
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Direct Microscopic Count
Advantages Disadvantages

It is rapid and simple Results depends on

Cell morphology can each analyst

be determined Both viable and

Fluorescent probes for nonviable are counted

improved efficiency Food particles are not
always
distinguishable from
microorganisms
Some cell may not
take the stain well
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Questions

What is the method used for determining both viable

and nonviable cells?

- Direct microscopic count
Which method is popular in testing the presence of
coliforms?

- The most-probable number method
What is the relationship between time used and
number of microorganisms in dye reduction method?

- Inversely proportional
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