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Table Major elements, their sources and functions in bacterial cells

% of dry
Element .
weight
Carbon 50
Oxygen 20
Nitrogen 14
Hydrogen 8

>hosphorus 3

Sulfur 1

Potassium 1

viagnesium 0.5

Calcium 0.5

Iron 0.2

Source Function

organic compounds or CO2 Main constituent of cellular material

H20, organic compounds, CO2, and O2 Constituent of cell material and cell
water; O2 is electron acceptor in
aerobic respiration

Constituent of amino acids, nucleic

NH3, NO3, organic compounds, N2 ) i
acids nucleotides, and coenzymes

Main constituent of organic

H20, organic compounds, H2
compounds and cell water

Constituent of nucleic acids,
inorganic phosphates (PO4) nucleotides, phospholipids, LPS,
teichoic acids
Constituent of cysteine, methionine,

S04, H2S, So, organic sulfur compounds )
glutathione, several coenzymes

Main cellular inorganic cation and

Potassium salts )
cofactor for certain enzymes

Inorganic cellular cation, cofactor for

Magnesium salts . . .
certain enzymatic reactions

Inorganic cellular cation, cofactor for
Calcium salts certain enzymes and a component of
endospores

Component of cytochromes and
certain nonheme iron-proteins and a
cofactor for some enzymatic
reactions

Iron salts
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Trace Elements

Table ignores the occurrence of trace elements in bacterial nutrition. Trace
elements are metal ions required by certain cells in such small amounts that it
is difficult to detect (measure) them, and it is not necessary to add them to
culture media as nutrients. Trace elements are required in such small amounts
that they are present as "contaminants" of the water or other media
components. As metal ions, the trace elements usually act as cofactors for
essential enzymatic reactions in the cell. One organism's trace element may be
another's required element and vice-versa, but the usual cations that qualify as
trace elements in bacterial nutrition are Mn, Co, Zn, Cu, and Mo.

e Oxygen

e Obligate aerobes

e Facultative anaerobes

¢ Obligate anaerobes

LS sal o i A iy 3l Cig Y e
Jane ¢ Capm BT Alpsal) &y 5801 Jal sally S 5 sl Cm (a5 Sl LA i,
LA il il ginna i (5 5SSl ol gall o3a (aalial gl g iyl i LAY sail
Adli ) Aagall oy k) A S

Temperature 3l

Ol Aliady 3 Janall (ui g8 o Sl alana sl sy 2 (g ) al) Glaill ¢
Psychrophile  8agsll daa L jiSy o

Aaidias ) a cla o A saill L Sl Joads

Mesophiles 4o gial) o) all dna LS o
&uyoJ\PQ\AJJ@M\QW\M

Thermophiles 4aii yall o ) All diaa by S o
.MJAEJ\);&L\\AJJ@}AJ\L}).\.\SJ\M
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Test

Monitoring
Frequency

Limit

Chemical tests:
Conductivity

pH
Total organic carbon

Heavy metals, single
(Cd, Cr, Cu, Ni, Pb, and Zn)

Heavy metals total
Ammonia / organic nitrogen

Total chlorine residual

Bacteriological tests:
Heterotrophic Plate Count

Water quality test

Use test

Continuously
or with each
use

With each use

Monthly

Annually*

Annually*
Monthly

Monthly or
with each use

Monthly

Annually and

for a new source

3 months

> 0.5 megohms resistance or < 2
umhos / cm at
250C

5.5-7.5 mg/|

< 1.0 mg/l

< 0.05 mg/l

<0.1 mg/l
< 0.1 mg/l

<0.01 mg/l

<1000 cfu/mL

0.8 -3 ratio
Student’s t < 2.78

*Or more frequently if there is a problem.

GAJS‘CA""'}M\QM:’BJJSM\ J}Aﬂ\cnaw\ua\ﬁé.\wejh\
e Jila g Gl 8 Tas A8 jaie il 8 elac| g slatal) sbaall pH el 8 @lld (e a2 I e

el 5

a3 )

Hot-air oven ¢Abadl s)sgdl 2 o

Spore  afilall Glea sl il jall day ol g Zliall aladinly sed 3 JS elaY) ual
e se yi 3 ) all Aa ja 1 strips or spore suspensions (Bacillus.subtilis)
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LSl ddaal) LS e Bapmy () sSi (Aldia ¥ aaall da (¢ L S DA

Quiality of Drinking Water &l sl 4 65 ¢y olsal)

@u;z\l\sjl.@_”\m}&ﬂ\ Q&m\jd\@@wi_p)ﬂ\ CilS 1A Le pasil i) slie Jalat aie
sind culil ge ) Se 5 Jle 10 e (ssinis ) Se il 10 Jerion ¢ 4 yaY) daud)
DRI 5y ol elae Jliidl die 5 Aiell (e Jle 100 (s siaisaal sdala ) 5l ke 20 e
OsSil Al A S5 g pe ) 3sas ae g aad I bl )OS e gasll
Cligall (00 % 10 0= J2 Y L e Completed test JolSll JLEaY) 555 Jle 5l (e
Aula¥) daiill S Al ¥V EC MUG 5l EC broth dsuis ity . sed 3 S duasall

Al sy
o S (6l 8 L ST HLEAY) (e Caagll b Aalall il slia jaliaal (Al HLaa U
SIS antig Gl 5 | a5l ol 2Dl SIS 5 Al (8 o5 ) A Tlal) e 30LS
L je e (55 L) g5l alas (8 (58 LG (e S e D dad 5L 51l st 2 gl
Opledi @l Lgmaly . LA gail) Salatinly Jasi je (ST ¢ raall Jull gl dallaall Jéd,
13D s gl ga 0 sl sl L S a5 ol (i i (aal) gl 5 gaill (61 g8l L S Baladiul
Al

) olaa DA 5 AY) slual)
) okl e A e ddlie ladat il e Aadi Gang oAl e DA Sluall lia) B

S QRS LAY (oay L Al ol L S AES e alaie)(..L., 01 5 1 5 1 510
saall L) e cinglly | oamise bl o dua gall il 0 JBY) e 9410 e Sl

slaal e g al 5IY) e gl e 00 ¢s iS4 Sl AR SLERN s oyl ol DA
ine @il Slo J panll Gl e GilS sae i) Lyl Syrvival s 5 sl danldl)

(e IR A Ll (35S Aa hary Clipall (e 30 (e il o giall dad (8 cLagac 5

LAl e
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AV Gliall o
sla 5l alaia Jslaa (e pas a1 35 Cids Jae o dbiall s 5l Adiall of sl sl s 8
;'\sgsqz_lu(:\sgﬂ\gugooo )w’ &cﬂkmdumgLM\e;}%‘loM\
RO N PR LN R G R WK IPERY
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A1) ¢y gt BN Ly Sy B Al ) jednl) ARy ko
Standard Total Coliform Fermentation Technique

Presumptive Phase 4wl d¥) dda jall o
CulS 131 Baasiall ) LY Al Y1 Al jall & Lauryl tryptose broth 4w Jasiul
s A (Rase 20)  A8al B s da o o T aiaill 5 jaanill aay B3y A
LaadS f cilelad ol sai ler edan A i) (e paliy | Jlasin)

PSSl Gl uSS e

Tryptone .....covviiiiiiiiiiiiiii 20 g
Lactose ..ovvviiiiiiiiii S g
Dipotassxium hydrogen phosphate ...... .... 2.75¢
Potassium dihydrogen phosphate .......... 275 ¢
Sodium chloride ........................... ... 5 g
Sodium lauryl sulphate ......................... 01 ¢
Reagent-grade water .....................o...e. 1 L

il 2 2 /4 6,8 058 ol caa pH Lo A s Jalal g slall ) il Sl ol
S A sl ala 53 4 i) A gl S 05805 edil) Canlil 3 2SSy Aill £ 5 el Ji8
ala 50 4 sl azm g Jed) JoasS s asiil) aey JBY) e WUE 5 4 53] Ciuas sy Al ans
A5 A e ) e ISU A (I Jism IS sas0 e JAlll/ a1 s <01 caal

3o Al glie Saudly sl ana elary 4 50¥) sty LERY) 13a dnlagl e Jily iay
Gl e 1S5 Ao Jle 10 5 ¢ Jle 20 ¢Jle 100 Alal i ¥ Gumy 5 5y oy sl s
ol
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02211, PreparamioN oF Lauryr. TyprosE Broma

Dehydrated Lauryl
Amount of Volume of Tryptose Broth
hoctlum Medium in Tube Medium + noculum Required
L ) i) ol
l 10 or more 11 or more 356
10 10 il 2
10 0 X 34
0 0 X 1068
10 X N 1068
100 % 13 131
10 0 ¥l 236
43, )bl

Adiny Aiall ana g Cosieall sae il Jala 8 il 10 51 5 (e Casta & i) (o
10 «Jle 20 JS Ll e o) 3al 5 Jariad Coplll olial 3 iaall sbaad) ailiad s de 5 e
I il B Jentiad o 3l 3 Aaatise puall elaall 5 «Jle 100 328 5 dala ) 5l (Jla 10 S
(L sl e el 1 ¢10 ) asas

25 s las Glidaill g diall & ) Wil )S5 Le ail ddddall Cilipal) aaa (il g Cladadl) Jeal
(B el Al e diell Ll Aiall (e Sie s e sanall (A4 5l JS 81 3 50

il Aele 2 /4 Aelu 24 s A5 <5 /4 35 aie Clala 3l sl Aadldl Caplill cuas

S ol @l 0S5l 1) ¢(Lal o 51 ) oamala Jelii Gl ¢ sai dsa ol Cilala 3l CanlsY!
Aadtill Jaw delu 3 /4 el 48 Ul & il aele uaaill aef ¢ adla

Sle dudels 3 o+ sple 48 s clala 3l 5 i) & e ol caels Jelas z Ll
sl LAY L 5y doa gl il aa gl al j38Y Jelal)
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DL Al Al e Jay pmatil) Al (8 i saal) ) il o Sl
e lin G il (ST A gaall Dle 5 Sl Glae el ) clala 51 ) s

Confirmed phase s W s ol o

LSl A jall ol (3 pedill o 555SY Cya iy ) (e Ay Jeriad 1 0130 Ay o
o LaS LS i

Peptone ... 10 g

Lactose ..oovvviiiiiiiiii 10 g
Oxgall ... 20 g
Brillient green ... 0.0133 g
Reagent grade water ........................... 1

2 -+ T2 oS dampH el 5 Gl S ARY G da bl g elall ) el &I Caual
Q@M@Ss@,&Qﬁaﬁé‘a)ﬁﬂuﬁz\eﬁ\kﬁj%igtb il U8 el ang
280 5 ) jad ol iy 5l dvee e b i) ot sl aas ala o 4 5ul )

: Procedure 4akll o

Presumptive 4wl yd¥) ds jall & dulag) A culaef Al cilala 31 sl dala¥) i) OS
any panidlly maaiy s @l i l) delu 2 o/+ 24 JYA (Gasls -6 lSe -l e 408 44) phase
oAl Ayl il @ yeda 1315 sl LaaY) o) jal 2y Cpasill e (Apla Sl dels 1 -/+ 18
Sl LAY (5 A o W (s sa peanll (e el 3 /4 48 xie
& S e paill Bilail (Gl 5 (masla) Al @Y Als el e Anlag¥) i) 38 5 s
JS e e ) 3all e ST sl 3aad 5 ool J8) (a0 3,5 — 3 Lgtinid yha ) ala ool Jlaxinly i)
Alial 4usaiy aiza Applicator oia J8U Jleaind (Sag) s by g 4 gl ) dlagl 4 o)
S Ay IS ) Sy g (Al ) a3 s ity pall Ay (B dmaag s de el BB e o 25
Jaal i1 Al ) e dlanY) sy
Cani B 18 dmy ol )3 4o sl & Hle (5S¢ da )2 B o/ Ay sie 35 die (s Gyl canlil uas
Anlay) W) @l et Aol 3 o/+ Aelu 48 DA 5 (Aelu 2 /4 24 N dalu 1 -/+ 6 ()
O il A e Al ) e Jlaia¥) saall Caal sl s
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s Alad) 48y pkll e

U el (8 Y IS il 1)) | avall Co el olia 5 43 slall slpall duilly 43 Hlall elli andius
L) U Sl L) ol el oy 5 yoidal) Al e Cpalliie il Aplag) goal Y|

Caall (e Al i) Gl ) L T sl Rgall (e 51 £ 40 i) i) (g
Ll o Le Ll oy (Aaadl (e BT A0Sy 45 giaall ) LD

Complete phase 4xigl) o dlalsl) Al jall o
e Al ) e BB e %10 e sasal) (B pSaill S Laay) 1as (s s
EC G4 5l EC G s 4N ()1 sl L S cpoa il p i) s o A8 Al
dgla¥ldagilly (Aasie a0 44,5 die (aaadll 44 128318 ) Y S Ldy Y with MUG
el ey of e Ja Dl aall (Ml JSal el ) 20 6l gl L Sl dlan)
PEERY
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Inoculate Tauryl tryptose broth or presence-absence broth fermentation tubes o bottles and incubate 24 £ 2 &t 35+ 0.5°C.

|

o

(vas andor acidic growth produced, Transfer to
confirmatory brilliant green lactose bile, Incubate 48

t3hat3H+05C
l
l |
@ o
Gas poduced. Trangter toLES No s pro o
Endo or MacConkey, Incubate Negatie tes,
21 2ha % 205C. Calform grop
absent.
1
Tigia Rt '(1i1)|'f o (L)
ypical OR atypical colform colones. A
Transfer to agar slant and lauryl tryptose N%ga“tflgs °°|%“Jes‘
brth fermentation tube. Incubate agar 0 bmgtr P
slant 18 to 24 h and lauryl tryptose hoth a0seMt
612ht0483hat3510.5°C.
1
) )
Gas produced. No gas produced.
Gram-stain portion Negative test,
of agar slant growth.. Coliform group absent.
T
[ 1
S v (2
ramnegative rods present, no spores g S
ol ores o gram-positive
present. Completed test: coliform group s and s et

present, Gram-positive and -negative rods
both present. Repeat procedure
beginning at 1.1.

Completed test: coliform
group absent.

i

@
No gas or acid produced. Incubate additional
241 (total 48 1 31).

T 1
A (
(Gas or acid No gas or acid produced,

produced, Continue Negative test. Coliform
asin(la). group absent.

()
Acidic growth,
Confirm as in (1)

* 1f gas or acid growth ocours before maximum
incubation time (ex. 6 £ 1 h), transfer to next
appropriate medium,

1 Alternately use EC test (Section 9221E].

§ Optional for drinking water Samples,

Figure 9221:1, Schematic outline of presumptive, confirmed, and completed phases for total coliform detection.
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o Jadai o ya cany ) il Al
LES Endo agar:

Yeast €Xtract .....vvvviiiiiiiiiiiii i 1,2 ¢
Casitone Or tryptiCase ........o.vvvreeireennnennnennnnn. 37 g
Thiopeptone or thiotone ..................cooveininnnn. 37 g
TIYPLOSE e 75 g
LactoSe «ovvveeeii 94 ¢
Dipotassium hydrogen phosphate .................. 33 g
Potassium dihydrogen phosphate .................... 1.0 g
Sodium chloride ..........ccoooiiiiiiiiii 37 g
Sodium desoxycholate .................coooiiiiiian. 0,1 g
Sodium lauryl sulphate .............................. .0,05¢
Sodium sulfite ..........ccooiiiiiiii 1,6 g
Basic fuchsin .............cooooiiiiiiii 0,8 g
AGAT 150¢g
Reagen grade water .................oooiiiiiiiiiii., 1 L

il Sl A0AY el 8 ) i % 95 J sl Jle 20 caal g ele i1 ) el SN Cacal
7,2 el pH IS 5 5Y) (8 piaT Y Ay i dn 5350 — 45 M 2y el sl (e lgn A G
o aaall dalise 5 AT (5 Ll Jlaaind Alls 8 a0 60 Blibal 3l 7 — 5 lee 35 .62 -/+
Al I ke (i a3 Y Cumy (BLla¥) Jada) ae 5 — 4 Al (Bae )5Sy Camy L) (e ApaS
Y skl 3 ) sl (lal AaSae Slidly GlST 3 Ledaia Jundy caDUall 8 3 5 ¢ puadl
SOl At e Akl a8 Qa3 aa Leie paldy ol (le sl (e Jadal) Bae 3 3

skl
MacConkey agar

Peptone ......vviiii 17 g
Proteose peptone ........ccooiiiiiiiiii 3 g
Lactose ...vvvieeiie e 10 g
Bilesalts ......oooviiiiii 5 g
Sodium chloride ... 151 g
N | 135 g
Neutral red .....cooiviiii 0,03 g
Crystal violet .........ooiiiiii 0,001 ¢
Reagent grade water ...............ccooiiiiiiiiiiiiinn 1 L
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3al CaDIS 53 W) b ale s sSall 403N ldad) 1 i dana Jala) 5 elall ) s Sl Cal
. lal 8 Al G g agiaill Ciie Temper 5,1 adl Calal 45k 1271 ic 4883 15
aiaill 3y 52 /4 7,1 S of g Al pH
Nutrient agar

Pesptone ... 5 ¢
Beef extract .......coviiii i 3 g
N 15 g
Reagent grade water ..............ccooviiiiiiiiiii i, 1 L

32 46,8 0sSoles pH L gl pas laa LAl ¢ elall )l Sl caal
e o il Gl Jl el 2ay | da g gDUE gl 3 A8l ¢ 35 el (8 st
ann 3l S B LA s 3, ) HlSal il 3le) | Slant
(Module 2 a=!n) Gram stain reagents

Akl e
JS MacConkey agar sl LES Endo agar Gub b o g ) Aine ig yla 8
) Ll dninias ) ol ae 3 gl Jlenialy e WD) sels )68 0y iy pall (e s g 4 gl
Gl pentine o Jpaall Gaball balady g Baall sl aeat g s0iW) dans o 0 2350 Y
Aclu 2 /4 24 33 a2 5 -/ 46 35 e (pas (Baclia

seal I 43 8 Typical dmdsel o585 LES Endo agar e Las 3l el jasiasd) |
053 Ol A sl Gl anl A 3e8) Atypical Lsdsel e sl (Riaaal) daalll e o8
e L il g dad gaill 5 O3 pedall Ol janiisall Aol 24 Guasd ey ( dpazall daalll
JS O el b pall 30l i ol dainn didaieg ddalae 0 5S Lay g5 0] yan 5S35 S5 oSLall Ay
Al da) 5 pae s (g ¢ A jrie (585 A saill (o1 8 L Ss o ST 518 pantins Tl (31l
a3 Ay gl (8 el 3 periinn S 54l HLiiall JSEL (S Lo il Ol jastione Jaiill) Ol yasiosall
35 aie delu 24 grasis Nutrient agar dile sdae Jlal mdas e s H5in 55 o) o 3 e (0
panill sl s e (S laanlydele 2 /4 24 53 G siada 5 55 /4 35 Gl (uma A sie
ple (Say) sl a4l (e al e gall (s omas Aele 3 /4 48 die Adls S 1Y)
(il ol dlla 85 gladll &l 4] )

2 el Al LA el s dela 3 /4 48 UN& s diysll 5 ye sl 8 e 0585
Vsl Ao sane o slme] 2 gm s 5T aneSll JLASD A o it Ay e ¢ A jaie
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Estimation of Bacterial Density LS AU cibua

Precision of fermentation tube test eiill qulii jLas) 43,

Olie | duadiie ()5S yeddll il Lial 485 ()l ¢ el Gl s (e S 2ae L) Q5 Bl 1)
e % 37 s b b/ sl LS (g Baal s A e (ssintdala ) gedle 1 sl 1
S odall 5l A b il 18 0 @B giall e dal) G Jle 1 e A siaal) Y
adld Laal) e e 1 40 Lee IS il 5 dllia ) 5S5 Ledie 5 Aaall (g Jlal JS gl 3 L iS4l
YL oo Y JalSIb Al alial) 5 <5 o a8 gil) Gl Ca g plall el s Al Aol
daaaiiall 5 o 5l sl Ly JiSal LAV il avall (6 jaall plital die (e ja dlln (58 Ul
Ao ddadi (o iliall 220 (5555 Ladie ald ciall (e 0885 IS (e AL (Ul pay (e Ll
S 3

Computing and Recording of MPN Yiaia) %) as) Juad g qbeas

Yiaial FCY) aaall a8 MPN Yiaial ST oo 5 ) pn L lgie o o) il L i A8ES il
A dsdiall 8 ezl op 3l gl (pe Al

2al) Aad (10 3350 4ad JSI Cofidence limits 485 250 9% 95 (e Jaids Jglaall el
Aagill Jaw eJslaall (853 5m sl Gl (e Aleativsall Aiall ana IS 131350840 Yiaia) <Y
dagitl) Jas 5l Jla 100 / Ylaial ST 2aa€ oSl (8 4l 5 dpla¥) i) aae 4 susie
(PIA) &1 o) A0S0 o ol L i< e gl 2 ga S

4l andiall & Jglaadl 3 jedai ) Aiall ana
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TasLE 9221:11. MPN INDEX AND 95% CONFIDENCE LIMITS FOR VARIOUS
CoMBINATIONS OF PosITIVE AND NEGATIVE RESuLTS WHEN Five 20-ML

PortioNs ARE USED

il Jabea-sbodl Un o5 Sn

MICROBIOLOGICAL EXAMINATION (9000)

TasLe 9221.111. MPN INDEX AND 95% CONFIDENCE LiMITS FOR VARIOUS
CoMBINATIONS OF PosITIVE AND NEGATIVE Resurts WHEN Ten 10-ML

PorTioNs ARE UseD

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 il Each 100 mL Lower Upper
0 <11 0 30 0 <l.1 0 30
1 1.1 0.05 6.3 1 1.1 0.03 59
2 26 03 9.6 2 22 0.26 8.1
3 46 0.8 147 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 >23.0 135 Infinite
/

TasLe 9221.IV. MPN Inpex AND 95% CoNrIDENCE LiMits FOR VARIOUS COMBINATIONS OF PosiTIVE ResuLts WHEN Five Tuses aRE USED PER

Dmution (10 ML, 1.0 ML, 0.1 ML)

95% Confidence Limits 95% Confidence Limits
Combination MPN Index) —m— —m— — Combination MPN Index/ ——our——
of Positives 100 mL Lower Upper of Positives 100 mL Lower Upper
4-2-0 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 m
0-2-0 4 1.0 13 4-4-0 34 16 80
5-0-0 23 9.0 86
1-0-0 2 1.0 11 5-0-1 30 10 110
1-0-1 4 1.0 15 502 40 20 140
1-140 4 1.0 15 5-1-0 30 10 120
1-1-1 6 20 18 5-1-1 50 20 150
1240 6 20 18 5-12 60 30 180
2:0-0 4 1.0 17 5-2-0 50 20 170
20-1 7 2.0 20 521 70 30 210
2-1-0 7 2.0 21 5-2-2 90 40 250
2-1-1 9 3.0 24 5-3-0 80 30 250
2-2:0 9 30 25 5-3-1 110 40 300
2-3-0 12 50 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-) 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 54-3 280 120 690
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 70 45 5-5-2 500 200 2000
4-1-0 17 7.0+ 46 5-5-3 900 300 2900
4-1-1 21 9.0 55 5-5-4 1600 600 5300
4-12 26 12 63 5-5-5 21600 — —
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Lwad liia) die Al s Al U Yiaia) SISV aaedl o Gan s Al olpally Ll Jagi 1o
8352 sall clli (e Adliag 4 llal) cldgadll () oSilarie e ] dused cJle ] dusad 5 ¢l 10 (1
lada a5 A gl Gl (e 20all Bl Jpaa) Ylaial Y 2all ad Sl (Jsanll
Al Aalaall

1 0.1 001 0001 Combination = MPN Index
Example  mL mL ml. mL of positives /100 mL

a 515 515 245 0/5 520 5000
b 55 WS TS 0/5 5-4.2 2200
c 65 I/5 08 015 0-1-0 20

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

MPN value (from table) X 10 = MPN/100ml
Largest volume tested in dilution
Series used for MPN determination

o 8 Lgia Jath 3 oilis Jamis) «apfllil) (e A e Alidis 8 8835 3 e SiST Jlerivlyic
Slel sl oYlaal YT aal) Maass 8 Ledlaain cladds G HLERY | Yiaal JiKY sl
O Ll Gligall 5 5 isall Al (e o) ) uedd) JS (8 dila) il aaiaill ldiasl)
b Ylaial SV aell Clua 8 50N o gl oded il Jamiasl | Caddll 3 e Y1 laall)
DUl C Alla b clian Jady el 5 jliaal) cilandas EOE ¢ () Jsand) ) Jiud ) JUl
s sl sl 8 Alan W) i) (585 Cumy Y s SIS

O slel a8 o) 3 e W) W) 8 (d Jle)  dinl Jiul 2 sa gall Jladlla A

oY) ad CO aadinl @ Al g saclall Wk 5 il GO
o giall sy Baa) g4 3 ) ga Ao Alididie de ganal Al 3l audli o) 5 Ladie
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By Aaaty Jladal) sam Gle) @ e Jeand 13| 3 )b calisanl) GO jeday Jul) J gaal)
R e 453 (501 an ) 81 o 51 R 3 Uk s ] (s e 91 e

Sy adld Csaall 8 aa) 63 Y daa gall DU cle) 8 ellia il 13l (giay ol aia) sasll
saalll) daleal) (e Ll

AT Ao sema Ayl il Lglleatind (Say AjLall Alalaal) G138 5 Yiaial Y daall ol Jglaall
O3l G S B3a

MPN/O0 1], = — of positive tubes X IQG_#

mL sample in >< mL sample in
negative Lubes all (ubes
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Ol LA da) gil) ade — aalgil) LA
Presence-Absence (P-A) Coliform Test

ot Ylaia) JISY) a0all 43 pal pghai o (518 L 50 de sanal 2l 5l e -aa) i) Lsal
shaalsi e due g Glaglaa e Jpanllp 5 5dala ) 8 (Ul 100) 2a)5 S aaa Jlaaily
Ao e dle 100 (o8 bl LS il (m 0 Y adl i e il ey 1l LS e
S U e s A3 il Ll 0 aa) il ane -aal il jLsdly | cooLal oba
A )l lm sl el g aans ¢S S gLl ¢l g g ) 31l 0 sl sl L i) (gAY
Sl Jaii s Al @ jaee ling | (oSl s o sl (el Gl oy (e i IS
eyl Apie | A3y Hhay 4 jlie il o Cypal L Gl Bas g (8 il e S ae Ll
CaiS) da il aad Lay ) ladl — 2al i) jlsal o < yekal Membrane filtration
LS e saill (3 5t Laay (Al 5 AN LS (e el 3 gy (8 05l 58l LSS5 2l
oo Sl 8 JSLie i 53 ol ol
51 350 i (o Framall Cilipall i 1 LAY 8 Jleninadl a s alloanl il sl
Sl il LAY Alal gl (e B e (e Raanal) Cilisal) e Ladic | slsal) Aallae Cillane
3y She Sl (8 05l sall Ly S AU a8 Ol ey Ly 4dld oy o158l L Sl sl
sl saa el Ly Bl i shedl
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Presumptive phase 4xal 8y dla sl

Culture media g ) 4 o

P-A broth

Beefextract .......ooviiiiii 3 g
Peptone ......oooiii 5 g
LaCtOSE oottt 746 ¢
TIYPLOSE « e 9.83 g
Dipotassium hydrogen phosphate ........................ .. 1.35 g
Potassium dihydrogen phosphate ........................... 1.35 g
Sodium chloride ... 2.46 g
Spdium lauryl sulphate .................ccocooiii, 0.05 g
Bromocresolpurple .........ocoooiiiiiiii 0.0085 g
Reagent grade water ..............ccoiiiiiiiiiiiii i 1 L

Claadloas) sl (5 pe Ay I3 Aiall (30 Jla 100 Jlial vie (358ll) S yill 4500 ) pans
stz Cilals ) (85 sl Al e Jle 50 g 558l Al g Jaraad ¢Cpaiad (g5 elall 8
S5V (oo (55 e (pla ) pedi sl dala ) IS Jah pia g Jle 250 L5 5208
PH 488230 e w3 o camg ¥ IS 555V (3 Al 18y 330 5 4y 53 121 ie 3882 12 5al
SO Ao Ay Janiasd e jilly A3l et die 5 el 3ay 52 /4 6,8 O5Ss Of o
. JLe 250 dne lala A 5SSl ) Al 50 Ja 20 £ s

Lauryl tryptose broth (see8.1.1).

Procedure 4ihll e

iy Jaa B Clall aal il Dy dals ) (A dk 100 qdlss e 25 (Jsa 5ady diall £
35 aie s, Al JOA Sl 4B Al WU w58 e Jgeanll 0 e 5l 8 e dala )
adall Jeliilldeln 48 5deln 24 2y pandl g4, s da )3 5 -/+

Interpretation gl juudi o
Ol OsSEIA O pedd aay aal 5 dalall Cig ylall aal g8 die Al 8 jial o6l 0 5SS
Dfimy (s i/ g Sl e S A L Olsh o) Bae ) seday Cige (38 Aala 3l e ¢ Ll

ASH U zling g s g LERY)
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Confirmed phase stll &l ya

il (8 ol tuall =3l 5 5SY coa il pall (5 e A Jaxind 1 481,30 Ay @

Ly N (Ole s panla ol el calae§ A1) daasall g )3l S 085 Procedure 4kl o
B An )0 5 /4 35 die (paaady (s Gy )

Clelu 3 /4 48 am Gaos iy yll il 3 5l 21 Interpretation gl jauds o
(Sl sl se) QLall/ aal gl s 5y sa ey 8l Sy L o5l L S 3 ga g XK
Al e Jle 100 8 O 158l b i<l
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Fecal Coliforms and E.coli

Ll & senall e e 3 2 Fecal coliform Bacteriads ) ) 4 g sall b sl
Total coliform Bacteria

Fecal coliform Bacteriads ) sl 4 1 &) LSl e 5SY) ¢ 30l (4 E.Coli

o aeiN 3y h e Jendl 8 Fecal coliform s E.Coli ¢ IS i (S
4530 4455 ) adn ) b saill

(e Jadl 53 e &sliaga g Ao JWa Fecal coliform s E.Coli ¢ S uiay
o sl (ed) Sl S (Y Y Y5 Total coliformd)

oSe o) dalladl ke 308 e B Fecal coliform s E.Coli paains ¥
Total Coliform ¢ J8 Wa s 5 daus ¥ &lla g (Total Coliform J)

Total J! dulsy) &35 Sliell aati Laxic Total coliform sacldl ik ¢liX
Fecal coliform s E.Colid JWis) Jee a4 ) 2y Coliform group
-1 kEay)
- 32k e Coliform group 25> Jlidl) &l
1- Multiple - tube fermentation technique. 2 -
Membrane filter technique
( MPN ) Coliform groupd! (Alaia¥! axell slagy saseiall canlil) 48 )l axiios o
glee 55 ae Lt s 4wl L3 Coliform 48US 5 sl se 8 (MPN) o
0okl e dalle Al

EC 4y aladiads 4931 ) ¢ sl sl S JLiaY) | 1
FecalColiform Test (EC medium)

b AS oy Al AR G o ) L S (e o ) A8 ) Jartin 450 all o o1 681 1 1Sy sl

AL il ¢ iy jlaall slye JLERY Ay s Ay 1S Jexiad | Ay 5l ) o o) 8
ol JLEAS A 133w Shellfishasllel)
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1S S EC w1, 1

Tryptose Or tryptiCase .......oovveviriieiiiiieiiieeainieannns 20 ¢

5 1110 1 S g
Bile salt mixture or bile salt No.3...................ooooeeell 15 ¢
Dipotassium hydrogen phosphate ........................... 4 g
Potassium dihydrogen phosphate........................... 15 g
Sodium chloride ..........ccooiiiiiii 5 g
Reagent-grade water ............coeviiiiiiiiiiiiiiiiee e, 1 L

il a2 62 /4 6,9 05 o e pH L i A daga Jalas colall )l sSall Gilias
(ol A8 Al (pe AaaS ¢ Ay lia ol 50 A sl L Baa) 5 S ¢ el il A s aibal) U8
5l aglie (Saudl ol Sare eUaky i) au agiatl) e Wi e JBY) el 4 gladl) 4 5uY)

incl

Procedure 4i;kll, 2

Gl (8 ()5S0 b Alagl dagii edai SIPresumptive test (el SLsa) call Ju )
LS ) ol jaY (edaill Gedeln 48 DA dida gan sl ¢ gad Sl e BpaS A Gla
Al o ol 58l

axiinl | Amges ) cgai Ole el Al clala 3 6l (885 a8l LAY sl a1, 2
don gadala ) ol &gl IS (e saill Jiil e 35— 3 Lgdiatit yhad )

Aelu 2 /4 24 52 s da 3 52 /4 44,5 e Jl ples (8 (EC) dailall capiY) (pan 2, 2
O e paon) Leiia e el e 30 DA el aleall & 4ailll EC (5 e canil S aa
Aaaad) (i) (8 Al (6 sie Apdardl SS5 olpall (e dpaS Al alaall 8 ) S

L) s

LS o e LAY iy B sfdeli 2 /4 24 YA EC (e 4 (3 saill e 3l L)
lewionl 1)l Jeliil) yiny (sne sl Qi gai dsa 5 aa) Sl Ul 8 JE 250 ) o5l
Jlariadl die 5 A8 Jglaall (e | Ao sall EC il 220 0 MPN iy ¢ 8axial) Cagliy)

O LSl e ol asa 3 0 e daiill SN Presumptive LR (e 8aal g 45l
AL
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el 4931 el g 98D L G LS 3
Fecal-coliform Direct Test (A-1 medium)

. 1.3
A 13w S 55 Presumptive phase dusal i) Als je llia Gl (AL (3_e A a2A003

rsh WS

5 110 1 S5 g
10 0] 101 PP 20 g
Sodium chloride ..o 5¢g
SaAlICIN ..o 05¢g
Polyethylene glycol p-isooctyl phenyl ether (Tween 100) ......... 1 ml
Reagent-grade water .........ccoviiiiiiiiiiiii e I L

el Jd 1 /4 6,9 xic pH dasials ¢ 100 X s Caual ddalall il sSall 413V a
Wisa BV e als 50 45l jerd (S5 408 2 sl ola 50 Canlll Ly e il il g 55
& 10 sad e | aiaill 30 el o glie cliudly ol dpiaee hael oW lae | el ey
Y Cum 4 all 550 s Aa 3 vie N 8 i1 (53 Aseda 121 e DS Y
sl (585 Jalad Gl 7 0 jA 8 i (saet

Al 38 5 3l Y sy Aall e Jle 10 Jlasin Sy i Caeliae 3€ 5 Al juaa
Al ALl

a4kl 1,3
A Ay sieda o 55 o/+ 35 die Gl 3 3ad s e SOLS AL Ay e sV i)
gl 2 /4 21 2 (uas s Ay sia da 50 52 /4 44,5 die e ples N sV Ja)

i) jadi, 2,3

LSl LU dla 4501 o e dadle ey S8 5 Aol 24 DA i) A ) 2 L)
VAl i) aae (e MPN Ylaa) SSY) anall ol 355 5l o 5l 68l
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OSSN LS Ao sanal gl A s 4By sk

Membrane Filter Technique of the Coliform Group
dadia, 1
T s e Bale 5 eilipall (e La Lo 533 508 o sans e Ledlaniad (S e il dpdie | 45y 5l
e 5 ol ol Al ya (B an B mad il Apde 45yl SYLaia) SESY) aall 48yl (g Al
s daald by sanall (ians L el il At ] 48 e Gl clld pay Apmp Sl sliall i 55 (e
st sdll b 5K de gana ) s Y AL Kl slae o dallad) 5 lSad) cld slaal) jlal
Gt el (e S il s il dse 45 Hha alasial xie s Noncoliform (background)
Lt Al il Apdie Y1 48 )l qa i 1) (padi & Jamall Lgdiiion Al (e il lia) ) )
Ao\l

Definition «iyasi, 2

¢ VL) Al ) el Ll e i je o sl il L S de gana (8 i il Apdie ] 45 plal dpailly
a3 daaly o) yen ) pemine et Sl 5 JSAN Ay e ¢ al all 40 Sa e cal jal Al
Endo medium ¥ 4y e 4, 50 35 die delu 24 S Mettalic (golden) sheen
b < paninna it Loy 0 V58l L i de sana ebimel (s, 58S S e (5533 il 5
o2 5 Apanall daalll 52 Nucleated ol s <13 5l Mucoid 4:hlas « Dark red w8 eal
£ ) e Jlidl mie 5 Atypical Allie e LSy ool &) L 1Sl pantion Ll e ot
ST a5 S s 33 Al (4585 P urified cultures sl ¢t sal L i<

418 ¢ dale 400y 5 B-galactosidase ~ Y 4 50 3 Cytochrome oxidase negative
Ll Ll Pink oo sl eal1 sl Cld &l jamivadl yiiad MF 48y jlall olls &

o ol yiind Lgdld Glaalll Lgaay 5 05l Aapae 5l coliandl o8, 30 «<Nunmucoid
O 8 L S
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Application ¢kl .3

we&)\ﬁéb@uﬁyw‘):\h‘&ﬁ\ﬁ&\ }i k_ll_{.j‘)sj\ ¢ g.dl;lal\ J}_Ajdsw\'é‘)\s:ﬂ
LA S 0 o Ly 510 L 0 Fnbtl) il 2 g s Y S
sl N 5a d5a 5 ae b eyl sl LA it Y Al g 5 AY)

cililiall (e oy «Saline water  Aadlal sbual) [l ¥ $aSill ALE ol il pde ] 48 )l
oo aladinl die 5 Sall SIS Aallaay Ao giia d3iase Aalina Lgale (5 pa Al Alibud)
Y sl Jie Al Ay giac 3 ga gl Al (alaa e (g giad Alilu culalia o culial) (a5 juS
il ol A Stressed total coliforms & bcaell A0S0 ¢ o gall L 5S4 aal 6 (e aiSU
oS Caana A Hall ) SISIL Aadlacall AL Clilaal) (e iy 8 Aallaall i 5 Aallaal
(Module 4 & e sliin ) 4o sanall &lli 2al 53 (e

Aaalal) 48 yall Gl 2V 5 Jle 100 52 Al pallo il olie Al 8o jliidl o HUI digall ana
Sl shad MR (e diaddiiall il 35l 8 0 sl g8 L S ot gl olaal) dpe g5 JSLie Ja Jie
DAl e 5 et Adlaall ol gl ClS 1A Al (e 1] L) s el (e 055 La ) cAadladl)
ety Jalaill Sia Jla 250 ¢ 3 pia o) jal () Ll s caal 5 e SIS Al (40
OUlilaie ¢y yall @l elsall Ay 53 il Apailly geiliall o (A J glasd) &5 5lie) o 3l dlac]
Ors sl Uy Ko Ylaiad Y aaall 43y jha e 48 ST ALY A8 oy dilas ) dlact) oS
Cligell (e raal alaal s | yilll/ased) Woal 5 40 Dl a1 dediivuall il jall (e Al
sl Source water slll jaas si Recreational water < jiiall sl Als &4 3Y ()5S
A8 o e Al calad jall g oy sl sl b Ko e dlle dlaef e (5 giad ) 5 AlLd) culalal)
4 )lia) eyl Apdie ] 45y Hha 48550l ) < jeal Wlaial ISV aaal) 43 jla g dliall il jal
Aglan¥) dac V) oSy lililaia ¢y ylall lliy olyall dpe 53 apil dpally il 5 (A J lasd)
38yl e Ay KT A0Ee Y1 A% ey Ailaan ) alac Y Sy 5y pha o A8y KT Aie Y1 A
Yiaia) Y aaal)
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TABLE 9222:T1. CoNFIDENCE LiMITs FOR MEMBRANE FILTER COLIFORM
ResuLTts UsiNnG 100-ML SAMPLE

Number of Coliform 959% Confidence Limits

Colonies Counted Lower Upper
(0] 0.0 3.7
1 0.1 5.6
2 0.2 7.2
3 0.6 8.8
4 1.0 10.2
5 1.6 11.7
] 2.2 13.1
7 2.8 14.4
8 3.4 15.8
9 4.0 17.1
10 4.7 184
i1 5.4 19.7
12 6.2 21.0
13 6.9 22.3
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 i2.2 30.8

MICROBIOLOGICAL EXAMINATION (9000)

TasLe 9221.111. MPN INDEX AND 95% CONEIDENCE LIMITS FOR VARIOUS
COMBINATIONS OF PosITIVE AND NEGATIVE REsuLTs WHEN TeEN 10-ML
PorTioNs ArRe USeD

95% Confidence

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

10 of 10 ril. Each 100 mL Lower Upper
0 <1.1 0 3.0
1 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 13.4
5 6.9 2.1 16.8
6 9.2 3.1 211
7 12.0 43 211
8 16.1 59 36.8
9 230 8.1 59.5

10 >23.0 13.5 Infinite
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s Al Lagi aladlinly ¢ ol g8l Ly yiSal 4l Al 45y hal)
Standard Total Coliform Membrane Filter Procedure

Laboratory apparatus 4sleall ci g, 1
On AR 3l g (e A siian 5S35 AT 8 el (sl duala ) il ol Jerid i il dpialy Jidaill
L s e i Layy Sl dalidl ol sall
(QA/ QC Notes) Sampling bottles «liall clalaj e
.(QA/ QC Notes::) Dilution bottles «daill Slalaj e
Pipets and graduated cylinders QA/QC 4a_aall jumliallg cilalall o
e Alaadl) (5K o el ) 1S 55 5 il pailadl ik ¢ aial) U8 (NoOteS)
Apharill aSal 3 5l aiedll any g (daSas
Containers of culture medium g_3¥ &nde gl o
Culture dishes g0 Gkl o
Filtration units ged il <laag o
Membrane filter gad il 4881 o
Absorbent bads 4alall 3alugll o
Forceps Lédall e
Microscope and light source 3sba¥) jaa g g8y Siall o

-43-



WWM-gtz oawall o oall g obaall o il zali Gilasadll Jalao-obuall L ol s 5 5S0a

Materials and Culture Media g3} <ling dgall 2

Ll 038 L ot G e 38 gia s jalal) Al Lallda Ll sSa (e Al jpand DV SE Y
Ayl e 1 A Saill QC/QA el Ciina (8 Ll i i o3 il

wabd K ae (QC/QA) g S Jsiall mpaill o olll Jlasinls &) (o 2 Ja gl JS il
LS O yanionn (0 %10 e JY) e Verify @iad Endo type sV & 55 (e L (e
i ol 45 Hlial ¢ g yre lilial Ly cline ol dmdall Cliell () & Lale Jianiall (5l 6l

. Recovery =iy e L )i 5 45,ull dabial)

de )il M F o ae padiiin Al 23l Batch  wiasi dalee IS idl) cJleaina) J
LA &l ol Al e daii an Ll g yma 5 AT 5 dulag) Aaty s gl g pae

Calatll f Cadail) I glaa (pe Jle 30 — 20 zeasd sy e i (e Aldis S Algi Al i (o) g8l
oA Aue Qllal il 4 (28 ) CoNtrols cilms yall 3 &gl jela 13 = yall DA

LES Endo agar 4w.1.2

M-Endo 4. 2.2
Tryptone or polypeptone .........oovviiiiniiiiiiiiiii e, 10 g
Thiopeptone or thiotone ...............ooiiiiiiiiiii i, 5 g
Casitone Or tryPtiCaASE ....vveeinrieiii e eeie e eeaeeenanns 5 g
Yeast €XITaCt ...vveeiiii et 1,5¢
LacCtoSe . .uveiieeei e 12,5 ¢
Sodium chloride ... 5 g
Dipotassium hydrogen phosphatr ........................ ... 4,375 ¢
Potassium dihydrogen phosphate ......................coooia 1,375 g
Sodium lauryl sulphate ... 0,05 ¢
Sodium desoxycholate ..............cooiiiiiiiiiiiii 0.1 ¢
Sodium Sulfite ........oooiiiiiii 2,1 g
Basic fuchsin ... 1,05 g
N | 15 g
Reagent-grade water ............ccooviiiiiiiiiiiiiiiiiiee 1 L

O BB 52389690 Jle 20 o ssimg ele 13T ()l Sl Caliat - jla¥) s
A7 5SS 5 Agda 050 - 45 oy ad s Y LAY bl o 8
(e A pum g o)y Adline Sl Sllal Calesinl 13 ae 60 kel cliiudly i zla 51 3Ly
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Sy g el e (2 /4 7,2 Sl pH S 55V 8 Al e Y | clasdl iy aad Ayl
ol

(e saal 2 ) (e Jariine ) daing g 23U 8 AN gl 5

(G ISl 2) ABLull Al ¢ 55 ¢ Ja¥) ddlal axe ae Wil SIS juma (5al) juiaas
8 (5 yall | &) (e 30 J) 3 el yialis (QA/QC Laibiad I aa ) ) sl il sl e
O Al Ll Led gy Aalall wilas sl il 13) Al 36U e JAINE Y LS5 sl 55 40 (550
5% e ) Goal) | LS g e o o (o S s 3 sa sl iy 50
A

(QA/QC gal)) clinll |3

OS o LSy iy i 4

dels 24 J3a Metallic sheen (Aptdes) 4wad dadd pa ol jen Ol jeatse z38 Al L )
OS85 LSS Ao sana (e gaac el 2V £ 5 (e Adn e 45500 Aa 50 35 e puaadll (1
laa ol gall de ol Jada s peniiall S je Jo jelat 38 o LIS s pantiall oz 28 Zall)
dpalalloda Lains SO el e cilaaalY) £l e aiay o sl ) Sl Cay il
Ylaial Y o=l jlaal & Sl 2y S0 Qi ddee By sl (e s a0 4 slasS sl
1 ld ey ey sl gl b i< YD o Jaadl &l penioall laalll 8 CaDEAY) (iany 4
el daall Lali (ol jre il plad adl e S0 Y Jalall paat d aweal) CaDBAY)
eyl Apde ] 45y Hhay Lgle Jhantall i)y A830a) alag¥ dsiie il 50 Sy jal 13 Aala
Badaiall el Culildds Hlay Ledde Jastiall (5 AN

Procedure 4& ki, 5

S ) slae Jadad (8 A28 gial) Ly iSOl AGUS, Al aas oSy s el aaa sl (1.5
(S Jsaadh ) Al e o sl g8l L s I it Y A LA say sl 06 )\Sally dsal) aaa
sl aanll g Jle 100 cdpedaiill el e S g
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T 0221, Succesrep Sevmts Voowes n Mevenast Fures Tora Couromy Test

Volume () o Be Fieed

[a—
=
-
f s
—_—
S
—_—
—
—
—_—
R
—_—
—
=
fom——
=

Vi

D
g
Wl
Ly i

* Weorsupy e
* g

R

(o naled
Doy

Sl et el e
ot et el e
- = Pt 3
el el et el e
—_—
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8 yarivee 200 o ST Gl s O sl sl b 5SS (g 8 yeriins 80 — 20 tivs Aal) o JiaY) anal)
5 «dle 1000 1) 100 00 gl sy o il olye il LS el pall hans e )53 S (e
sl dila (L 25 US4 5l Jle 50 OIS ) Jie paall 3 psia Ciliie (e &) S i S
b Aad il Ly AHES e iy ¢ (Rdida e R ) Adlida pgaa B el s AY)
il Jlaa Jle 10 Msa ol (Adida e ol ddsda) Al 0 Jle 10 0o S i i dlls
i) @l s i Aala ) () Alal) G paal) 8 5l a1 U e A ) e

LA mha e U S (Bles a5 aUsT) e el obuall aas 8520 30 038 Anpen

Sterile filtration units 4alxall gl il claag, 1.5

ial sl (e ol 2a Adlial) Claadi S (e Abudus S s (8 Rana geadi i a5 Janii
gl sl il llee G ST 514383 30 558 < e 13 dia jina yiad g il Ayl L
e Wil e 48 dlee ) Ll (e a1 e A1 i il dglee Jale @l G 1130
(QALQC gal)) Jeall JS ade Jall gaaa

Filtration of sample 4l gl 5, 2. 5

) el =laudll) Sterile membrane filter  ptas SliE b e puia ¢ adae Jadle Jleaiuly
sl e gl e @ aiall e 5all aia gasan L lead) (e diid) acaall s all e (el
S fs A i Aall | Gy T 3 g zlandl ade Ble ] e pe s 4y il Jalal)
30 — 20 o Ja S ladn 3 mad 3 IR (e el RN o) Juse ) 4l A el o1y s
dala ) e pzall Cadalll Jslase e by padll Caladl) (JaSy | alall 2l Jslae (e Jle
O iy ligal) fp caladll | Jleain¥) IS Sl e ul a1 ae Washing bottle e
Ll 5 cquadl) 3 g el ¢y i) (o) pmas i) Aplee 5 gl Calal) gl e gl )
DAl G o) sedl Daa adal 4 5ila AS a3 LAl Al e daia g ¢ aline Jadley lal) L)
24-22 534l (uan g 4dlil 5 Guball Ble) | jilal) mhan e WO ) &l JUEG1 sy 138 5 A5l
Asieda ) 5 -/+ 35 e dels

2 Jleaiuls Leand 5 Bulall 8 Filter pad alall sabu gl aca AL 280l aladin) Al
Dl (el Gaiag al s Al e 1 ) el siale s (M-ENdo) 4l (e JLe
45t da 50 5 /4 35 die Guaa 5 oBadall Q) AL Aapdiall 33l sl e B il sl
Aclu 24 324l
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13 3y gl 3y Lay ) Al ol Al B ) o (8 L) alaiiis) Al 8 6 g 0l pamilanall
Aelu 24 e ST ) all Ciiias

Cpanty Gl HuaaS W sl s (dle 100 ol Caladll ol asied ial Clie e day
Al Jalas (gl (il i gL

LSy (e 8mS slaef g g a8l IR (AT (al je ) (A Janiadt Al slsall el
Buffer rinse abaic J dae Jaatinl a5 de JS aay el ill 8o g sl Cang (5 5 58
il e & gB Ja5 i g Rl Al) ) dmy Bas 5l okl

Alternative enrichment technique L) uaddl) 43y b, 3, 5
Jod B redngedl 2 (A Lol alaa 555 (b slhae (8 dddine dala B3l g
el 33l 1) e isall Adde iy M) LD iyl e s SO LS pmaa 0 5
%60 “hish ) s> 3 Asiedayn 5 o/+ 35 e delu 2 115 saal Guan g Gulall S Y
) e

38 a4 g (il 2a Bl B3l gl e e e il 33 el sl A Jaxtiad 13
Adlly Al el ga 3 5a g0 land) aday e jall ae el sai) Ay mhaa e & i
&M-Endo Ly aadi g Gadall A Bayam B3l s aua gy 43l ¢ ABL) Ll Cilasi) 13) Ll
Aolall Al aladin) (ol Gl Cn (iany g Sadall iy 5 Aapadll salus gl e e ilall )
5 -/+ 353ic Al 22 N 20 3aal e 5 kY1 aldl AL daliall ) Crandiinl ¢ g

A sieda )
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Counting . 4.5
A (e b 3a 15— 10 S 5 58 Jardiaal 4Ll il jall mhans e il jasiosal) 22

Wide-field dissecting microscope or other optical devices
b sea gl (5 s Bslal) aa i s geall jiadS sliay i ) 5l dudd Jlanial aa
sl itne Gl o 8 janl PNk i 58 ¢y s) Led Zaliall ¢y 5h il Ly iS5 ol janions
dxa3U) 4shaidl Typical and atypical 4dliall ye g Adlall &l janioall (1 SIS 20 ) o)
LS Ol paminnn b paniusall grbans JS () Gusodll (Gl pan (08 0685 (e sl (8 Al Lay
e (538055l S MUCOID dalalie (8 el (50 ol (585 (f (S Al e (5 A1
Ll e axd Glaalll Lie cuig g o olll Aaae ol slianl) coE ) 51 (dulas (8l ¢ pantiuall dale
Ao 4l Gad 201 iy e (W e ¢ shsill Uy SiS) il pentosall JS 230550 1 iS5 Cauad
s qa JAIA Lay 5 A 518 ) Ly S0 (g Mal) el Aba) digall 8 IS L S0 ey
LS (e i yall 22l e (Ol Aol 22 2x3) &l 3l 55 0 s sl L S5 (g e al
Jodlll i Sl a0y g ALia Y] e Loy 22l B el 1 ) 5 52al il 8 il

Deter spread of confluence while aiding sheen discernment.

Stressed 3 e GlilS e (5 sing lay ) dadlead) ALl i) il 5l 5 jedaall sbuall cilie
ol jalad) e S dels 24 — 22 4 Gl Gmﬁi T ey sati Al g organisms
Acls 30 — 24 2 glealll G g el 18 — 631 amy laalll 25 Lay 5 5 jedas

Coliform verification sl sl L Ay (e @8l 5.5

Ol b S 4l Y L S sad e Adliall dxaBU) Ol jamiisall el Lay ) el i e

Loy (Olaeal (550 31 55 3 ) yamine sl 238 yaal Lgd sl ol periins) AUl yue Ol pariivuall
Oe Al e s AU Sl jeniuall e 53 JS e G O deab s 0 sl 8 L S S0
Allie e Gl jasione dused 5 Adlie O jariie 5 JEYI e Lal&l) o Aliall il me (39 5k
10 e 38aT el aaS e il slie oA 5 AY) oLl Ala by Alie jilide e (g
slaall Ciline (o (Lo jedae 3 Aaliaall g A dlie yuall ol pariosall CiMian 5 ) AaaY Gl janiane
Osnlie Jalrall (gudai Lay y cdipall Ao g5 Aalall e lalaie) (QA/QC notes ) L dus gall
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SECTION I

WHAT MICROBIOLOGY IS ALL
ABOUT

GENERAL

Microbiology is the science of the invisible world and its effect on other forms of life. In its
broadest sense, it is the science that deals with the study of all kinds of microorganisms —
bacteria, viruses, yeasts, molds, fungi, protozoa, algae and prions. The term “microorganism”
refers to any of the microscopic forms of life found in nature. There are very few places where
some form of microscopic life does not exist. Bacteria are found everywhere — in soil, in the air,
in every kind of organism, from humans to plants, living or dead. It is sometimes hard to accept
their existence, but special methods have been developed to demonstrate their presence.
Single cell, free-living bacteria, are one of the simplest life forms, existing long before human
life began. Without bacteria, our world, as we know it, could not exist for bacteria perform many
varied functions. Decomposition of matter, for example, is a basic bacterial activity, returning

to nature materials necessary to the revitalization of the earth. The gardener’'s compost heap,
through bacterial action, becomes rich mulch to fertilize the soil.

Survivability of Bacteria

The survival and persistence of different types of bacteria over the ages reflect their ability to live
and multiply under a great variety of conditions. Some can survive in a range of temperatures
from freezing to almost boiling. Under optimum conditions bacteria can double their number in 15
minutes with or without oxygen. Some can cease growth and go into a kind of hibernation — a
virtual state of suspended animation known as a spore. During this “hibernation”, bacteria can
survive cold intense enough to liquefy air (—320°F), and tolerate dry heat of over 200°F. Bacteria
serve a useful purpose from a human’s point of view — from sewage disposal to cheese making.
Some are even used to make antibiotics that kill pathogens. Only a small percentage of bacteria
fall into the disease-producing class. When bacteria are disease producing, they are often called
germs or pathogens.

How Bacteria Transmit Disease in Humans

Gain entrance: usually through the nose, eyes, mouth, sweat glands, hair follicles, wounds, and
cuts or through sexual contact. Adapt and multiply: adjust to their new environment and multiply
to possibly cause infection and iliness. Find a satisfactory exit point: such as the respiratory or
gastrointestinal tract, exiting through a cough, a sneeze, in feces, other body fluids, and, in
some cases, through sexual organs. Have an effective carrying mechanism: water, dust, food,
airborne droplets, insects, used hand towels and other animate or inanimate objects can all
carry bacteria, viruses or fungi.
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CHARACTERISTICS OF BACTERIA

Forms of Bacteria

The description of bacteria in the following sections relates, in a very general way, to all of these
microorganisms. There are actually thousands of types of bacteria, but the basic information
should be adequate for most purposes.

Bacteria come in three principal shapes:
Cocci (kock’-si): Spherical bacteria are called cocci, which means “berries” in Greek. Under the
microscope they look like miniature berries. Among the cocci group of bacteria are the

Streptococci. Some forms can cause abscesses in teeth, sore throats, and upper respiratory
infections, while other forms result in turning milk into buttermilk and turning sweet milk into sour
milk. Staphylococcus aureus is also a coccus and is a common pathogen that causes
pneumonia, meningitis and food poisoning, among others.

Bacilli (ba-sil’-i): The rod-shaped cylindrical bacteria are called bacilli, from the Latin word
meaning “little rod”. Among the diseases caused by this type of bacteria are typhoid fever, some
kinds of diarrhea, cholera, dysentery and eye infections. Pseudomonas aeruginosa and

Salmonella choleraesuis are examples. They are the leading cause of bacterial diarrhea in the
United States.

Spirilla, Spirochetes: Spiral, curved or corkscrew shaped bacteria are called Spirilla or
Spirochetes. This type of microorganism causes trench mouth and syphilis, among others.

Size of Bacteria

Bacteria are so small that 100 cocci placed side by side would be no thicker than a page of this
manual. An average coccus (singular of cocci) magnified 500 times would be about the size of
the period at the end of this sentence. Bacteria are measured in microns: a micron is 1/25,000 of
an inch. Even with today’s microscopes, many bacteria are so tiny that dyes must be used so
they can be seen.

Structure of Bacteria

A bacterium (singular of bacteria) is a one-cell organism made up of:

Cell wall: a kind of skin for the cell. Plasma membrane: this part of the cell, inside the cell wall,
regulates food passage and elimination and is best at picking up a dye or stain to make the cell
visible under the microscope.

Cytoplasm: the “insides” of each cell.

SPORES: A small number of bacteria of the rodshaped family have an additional structural
capability that you should know about because it relates particularly to sterilization. These
bacteria produce a special cell structure, usually described as a “resting body” since it is totally
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inactive while in this form. This type of cell is called a spore or an endospore. Bacillus species
and Clostridium species are the two most common spore-forming bacteria. It is a miniature suit
of armor worn around the cytoplasm that makes this cell the most resistant of all living things to
heat, chemicals and drying. Some spores can withstand steam at 212°F for an hour or more.
Some have been found to survive for many years — possibly for centuries! The spore will remain
a spore — a resting body — until a proper growth environment exists.

Spirals

(Spirilla or Spirochetes)

Spheres (Cocci) Rods (Bacilli)

It will then, once again, come to life and behave like its ancestors (good or bad), multiplying in
the environment of the body or other hospitable area. Common means of destroying spores are
irradiation, autoclaving, gas and chemical sterilization. Disinfectants typically have little or no
effect on bacterial spores.

Reproduction of Bacteria

Bacteria reproduce by simply dividing. The cell reaches its maximum size, then starts to draw
together in the middle, and eventually separates into two. A newborn bacterium becomes an
adult in 15 to 30 minutes. Overpopulation in the bacteria world is easy to see.

In 15 Minutes 1 Becomes 2

In 30 Minutes 2 Become 4

In 45 Minutes 4 Become 8

In 60 Minutes 8 Become 16

In 75 Minutes 16 Become 32

In 90 Minutes 32 Become 64

In 105 Minutes 64 Become 128

In 120 Minutes 128 Become 256

In 135 Minutes 256 Become 512

In 150 Minutes 512 Become 1,024

In 165 Minutes 1,024 Become 2,048

In 180 Minutes 2,048 Become 4,096

In 195 Minutes 4,096 Become 8,192

In 210 Minutes 8,192 Become 16,384

In 225 Minutes 16,384 Become 32,768

In 240 Minutes 32,768 Become 65,536

In 255 Minutes 65,536 Become 131,072
In 270 Minutes 131,072 Become 262,144
In 285 Minutes 262,144 Become 524,288
In 300 Minutes 524,288 Become 1,048,576
5 hrs

An Example of the Rate of Reproduction*

* Keep in mind the above example represents the theoretical growth under optimum conditions. A situation such as
that indicated above would not normally occur in nature, as bacteria would reach a level of equilibrium based on their
environment.
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“Food” for Bacteria — In five hours, one bacterium turns into over 1,000,000 bacteria. And, of
course, starting with just one would be strange indeed — even slightly dirty hands might have
anywhere from 500 to 1,000 bacteria on them. Moisture is necessary for the growth and
reproduction of bacteria because food material must be dissolved in a fluid environment before
the bacterial cell can absorb it. Drying, therefore, interferes with bacteria growth. Delicate
bacteria such as Pseudomonas can survive drying for only a few hours at the most. Bacteria also
require carbon, nitrogen, hydrogen, phosphorus and some mineral salts. Some bacteria also
require vitamins, just like people. Aerobes and Anaerobes — Bacteria that grow

in the presence of atmospheric oxygen are called aerobes. Pseudomonas aeruginosa is an
example of an aerobe. Some bacteria, however, cannot grow and are even killed in the presence
of free atmospheric oxygen. This second group is called anaerobes. The botulism organism and
tetanus organisms are anaerobic, pathogenic bacteria. Clostridium bacteria cause botulism and
tetanus. A third group is facultative anaerobes. They use oxygen when available. When oxygen
is not available, they grow as anaerobes.

Staphylococcus aureus and Salmonella choleraesuis are examples of facultative anaerobes.
Different types of bacteria have preferences in climate, too. Those that attack the human body
are, naturally, most comfortable and thrive best at 98.6°F or 37°C (body temperature). Some
types of bacteria that are responsible for food spoilage may also grow in cool temperatures. Cold
slows down bacterial growth; warmth speeds growth. Very high temperatures, however, are
more destructive to bacteria than very low temperatures. Disease-producing bacteria that do not
produce spores are killed when exposed to watery liquids at 140°F (60°C) for 30 minutes. This is
the basis of pasteurization.

Bacterial Activity in Disease

When pathogenic microorganisms enter the body, opposing forces are set in motion. The
bacteria try to invade the tissues, multiply, and colonize. The body tries to prevent the invasion
by destroying the germs and casting them off. If the microbes win, infection sets in and disease
results. Microorganisms cause disease in a number of ways, but in most cases, the ability to
cause infection and disease is associated with chemical substances released by the bacteria into
the body. In a sense, it is a kind of poisoning or toxic effect.

KEY BACTERIA IN ENVIRONMENTAL
SANITATION

In order to understand label claims and disinfectant test reports, and to discuss the more
common problems of bacterial contamination, the names, categories and diseases produced by
certain key organisms should be familiar. Some background on the importance of these
organisms may be helpful.
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Bacterial Contamination in Hospitals

In hospitals, the combination of harmful microorganisms and people with low resistance is the
major problem. When a patient develops an infection during a hospital stay — an infection which
was neither present nor in the incubation stage at the time of admission — the infection is
described as “nosocomial” (hospital or institutionally acquired). Approximately 5-10% of the
people who enter a hospital come down with a nosocomial infection resulting in over 1 million
infections and 80,000-100,000 deaths annually.

Nosocomial infections account for billions of dollars in additional health care costs. Various
categories of nosocomial infections include:

* Urinary tract infections

* Respiratory infections

» Gastroenteritis

» Skin and subcutaneous infection

* Intra-abdominal infection

» Septicemia

Most surveillance reports identify the urinary tract as the most common site of nosocomial
infection. The next most common site of nosocomial infection is the surgical wound. Respiratory
infections are the third major type of nosocomial infection.

Antibiotic Resistant Strains

In hospitals, extended care facilities, schools, hotels, restaurants and other public-service
establishments, the problem of infection associated with antibiotic-resistant strains also exists.
These organisms, although resistant to antibiotics, pose no resistance to being destroyed by
disinfectants. Although nonhospitalized people are presumably in better health than hospital
patients, the danger still exists. The following material will give you the basics on some key
bacteria. A more complete listing of other important organisms appears in the

Glossary, Section X.

Note: There are two additional classifications of bacteria about which you will often hear:
Gram positive and Gram negative. This is simply a common way to help classify and identify
bacteria.

Gram Positive/Gram Negative/Acid Fast

The Gram stain is the dye (named after its developer Dr. Gram) used to color some kinds of
bacteria so they can be seen under the microscope. The bacteria are stained with a blue dye
called crystal violet. If the bacteria become permanently stained blue they are known as Gram
positive. If the stain can be readily removed (by treatment with alcohol) and are counter-stained
pink with a red dye called safranin, they are known as Gram negative. Most Gram negative
bacteria are found in the intestines. Most Gram positive bacteria are found elsewhere in the
body. Fungi and viruses are not included in this type of classification.
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Gram Positive Bacteria

Staphylococcus aureus (Staf-ill-o-cock-es oar-ee-us) is considered a major cause of hospital
infections and can develop resistance to antibiotics. It causes boils, carbuncles, blood poisoning
and most food poisoning. Keep in mind there are many other types of Gram positive bacteria,
such as

Streptococcus and Bacillus.

Gram Negative Bacteria

Salmonella choleraesuis (Sal-mon-el-la coll-erah-soo-iss) is the standard test bacteria used in
germicide evaluation procedures because its resistance to germicides is typical of the Gram
negative group. The Salmonella group, as a whole, is associated with a variety of gastrointestinal
and other disorders.

Pseudomonas aeruginosa (Soo-do-moan-us airoo- gin-o-sa) is an organism which is very difficult
to destroy and causes diseases similar to those caused by Staphylococcus. It is a definite
problem for hospitals and other public facilities and a major concern in hospital burn units.

Acid Fast Bacteria

Mycobacterium tuberculosis (My-co-bac-teer-eeum toob-er-ku-lo-sis) is the bacteria that causes
tuberculosis (TB) and is spread primarily through the air. Due to its waxy cell wall, TB bacteria do
not stain Gram positive or Gram negative. Another type of stain called an acid-fast stain is used
which turns the cells green. This organism is extremely difficult to kill with disinfectants. As a
result, it is often used as a benchmark for germicidal efficacy.

HOW BACTERIA MOVE

Bacterial Movement

Most bacteria are completely dependent on getting a free ride. Although some kinds of self
movement are possible for bacteria, for our purposes we can assume that they are moved only
by air currents, water, animals, insects, people, or objects — never under their own power. In the
air, there are three ways for bacteria to get around:

* They can be moved around individually which is not considered a hazard since the drying
effect of the air tends to destroy them, in a short time.

* They can cling to dust particles moving through the air and be protected by the dust.

* They can attach themselves to droplets of moisture. For example, when a person sneezes or
coughs, the shower of droplets contain bacteria. The smaller drops lose most of their moisture
when they hit the floor. But even droplets barely larger than the individual bacteria, called droplet
nuclei, can provide the moisture and nourishment bacteria require. Bacterium and droplet nuclei
are easily blown about in the air. This is the means by which TB bacteria are transmitted.

Movement on Objects

When we speak of objects carrying bacteria we must include practically anything: furniture,
dishes, wheelchairs, instruments and shoes are just a few examples. Linens, especially soiled
linens, are considered a particular hazard, especially in hospitals. For example, a person with a
Staphylococcus infection sheds literally millions of bacteria onto sheets and blankets. If linens
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are not properly handled and bagged within the institution or hospital room, these potentially
hazardous bacteria can be spread throughout the facility as the linen is removed to the laundry.
Moveable objects that hold or carry bacteria are called fomites.

Movement on People

People are also dangerous carriers of bacteria. It can be very difficult to detect a human carrier
of harmful germs. In the hospital, doctors, nurses and aides are the most frequent offenders,
sometimes carrying a Staphylococcus colony in their nose and throat. Even without showing any
signs of iliness, the staff can spread these germs to patients. One of the most famous cases of
an unidentified carrier was “Typhoid Mary”. This helpful lady worked in public kitchens from 1900
to 1907, and, without ever suffering from the disease herself, managed to infect a large number
of people with typhoid fever over the years.

Animal, Insect and Bird Carriers

Animals, insects and birds can also carry pathogenic bacteria capable of infecting humans

or other animals. Veterinarians, kennel workers, poultry farmers, etc., should be aware that the
same rules apply — pathogenic bacteria represent a danger to all creatures, and can be

just as costly and painful in animals as in people. Animals, insects and birds that carry
pathogenic agents are called vectors. It should be noted that viruses and fungi can also be
moved in any of the ways described above.

VIRUSES, FUNGI AND PRIONS

In addition to the three basic types of bacteria (cocci, bacilli and spirilla/spirochetes), there are
three additional kinds of microorganisms that are likely to cause problems in humans —
viruses, fungi and prions.

Viruses

Viruses are the simplest form of life. Their structure, method of replication, and size, among other
factors, are different from the three basic bacteria. The most significant difference is that viruses
must get inside other living cells in order to multiply, while bacteria can multiply most anywhere.
Viruses are responsible for many diseases with colds and flu being two of the more common.
Some scientists and textbooks claim that viruses are not “alive” and therefore it is difficult to say
that they are “killed” by treatment with disinfectants. Viruses are made up of certain types of
organic materials (e.g. lipids and proteins) which help to protect their genetic material (e.g. DNA
or RNA), but they lack other functions which would allow them to grow on their own. If a virus is
left on a surface by itself, it will not be able to grow. For this reason, many people say that
viruses are not alive because they can’t reproduce on their own. However, if a virus is able to
get into a person’s body, through the mouth or a cut, it can start an infection and reproduce
millions of copies of itself within the body. Because viruses are able to start infections

and reproduce themselves with the help of a human host, many scientists do consider them
“living” organisms.
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Viruses are not equal in their susceptibility to chemical disinfectants. The chemical make-up
and structure of the virus account for this. Viruses can be divided into three broad
categories:

Lipophilic — those surrounded by a lipid envelope. Examples of lipophilic viruses are:

Hepatitis B, Influenza, Vaccinia, Herpes, Respiratory Syncytial Virus (RSV) and Human
Immunodeficiency Virus (HIV-1 AIDS Virus).

The latter virus should be referred to as HIV, not HIV Virus.

Hydrophilic — do not have a lipid envelope. These viruses are very difficult to inactivate.
Examples include: Poliovirus, Echovirus, Hepatitis A, and Canine Parvovirus. High
concentrations of ethanol and strong concentrations of chlorine are among the few germicides
that will inactivate these viruses. Intermediate — do not have a lipid envelope but do have some
lipophilicity in the virus’ outer coat. Phenolic disinfectants generally inactivate these viruses.
Examples of intermediate viruses are Adenovirus and Rotavirus.

Fungi

Fungi (plural of fungus) are altogether different from bacteria and viruses. In fact, fungi are more
closely related to humans than to bacteria. Fungi form mold and mildew. Yeast and mushrooms
are examples of fungi. Fungi also produce diseases of the skin, lungs, and mucous membranes
and can in rare cases actually invade the entire body.

Trichophyton mentagrophytes (Try-co-fi-ton or Try-cough-it-on men-ta-grow-feet-es), also

known as Trichophyton interdigitale (Try-co-fiton or Try-cough-it-on inter-dij-i-tallee) is the fungus
that causes athlete’s foot fungus. It is used as a test organism to represent the fungus class in
germicidal evaluation tests.

Prions

Prions are transmissible pathogenic agents that cause a variety of neurodegenerative diseases
including Creutzfeldt-Jakob Disease in humans, bovine spongiform encephalopathy (BSE) in
cows (also known as “Mad Cow Disease”) and scrapie in sheep. They are unlike the other
pathogens discussed above because they are composed entirely of protein. An abnormal
configuration of a normal cellular protein acts as a “template” to convert the normal protein into
the abnormal form. Accumulation of the abnormal protein in the brain leads to disease.
Conventional sterilization and disinfection practices are not effective against prions. Some
researchers recommend the use of a 1:2 dilution of bleach (~20,000 ppm) or 1-2 N sodium
hydroxide (NaOH) for extended periods of time (>1 hour).
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SECTION I

METHODS FOR CONTROLLING
BACTERIA IN THE ENVIRONMENT

AGENTS THAT KILL BACTERIA OR SLOW THEIR GROWTH

Light

Sunlight is a great natural disinfecting agent. Direct sunlight destroys many bacteria.
Unfortunately, the sun’s irregular performance does not make it a dependable method for
disinfecting. Ultraviolet lamps are sometimes used to prevent the spread of germs in the air,
particularly tuberculosis (TB) bacteria. Neither visible nor ultraviolet light rays have much ability
to penetrate surfaces, so their action is limited to organisms on or near the light. Ultraviolet light
strong enough to disinfect can also damage skin and eyes.

Cold

Cold is a useful agent in inhibiting growth of bacteria and can prevent the dangers of active
bacteria. Cold over a long period of time suspends or significantly reduces the growth of bacteria.
As evidence, frozen foods spoil rapidly after thawing when bacteria come back to full activity.
Even fragile bacteria have been maintained for years frozen in dry ice (—169°F) and then brought
back to life.

Heat

Heat is widely used as a sanitizer and is a very effective sterilizing agent. At high temperatures,
sterilization is the process of destroying all microorganisms (bacteria, including spore forming
bacteria, viruses and fungi) on a substance or surface. Heat for sterilizing may be moist or dry.
Moist Heat may be applied either as hot water or steam. Steam under pressure is the preferred
and most often used sterilization method. Autoclaves used in hospitals for instruments work
with moist heat in the form of steam under pressure. Materials that are harmed by heat or
moisture, of course, cannot be sterilized in this way. Boiling kills vegetative forms of bacteria
(those bacteria not in spore form and able to multiply), fungi and viruses, in a few minutes.
Spores, as mentioned, may take many hours to kill even at boiling temperatures, and still not
every one may be dead. Dry Heat (hot air sterilization) is done in a kind of oven. Temperatures
ranging from 320°F (160°C) to 356°F (180°C) must be applied for at least 1.5 hours to kill spores.

Chemical Agents
A number of chemical agents are used to destroy or slow the growth of bacteria. The name of
the product — disinfectant, sanitizer, etc. — indicates its degree of action against bacteria.
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Disinfectant — A chemical agent that destroys pathogenic microorganisms (not spores). The
term is generally used for an agent that destroys organisms on inanimate objects (surfaces)
rather than on people or animals. Antiseptic — A chemical agent, such as surgical

scrubs, antiseptic hand soaps, antimicrobial soaps and ointments that kills microorganisms
when applied to the body. Germicide/Bactericide — Chemical agents that kill bacteria. These
terms are often synonymous with the term disinfectant.

Bacteriostat — A chemical agent that prevents microbes from multiplying. The term may be used
in referring to the action of certain antibiotics, as well as to antimicrobial action on surfaces. Also
used as a preservative in household and cosmetic products. Sanitizer — An agent that reduces
(through killing) the number of bacteria to a safe level. This means a 99.9% kill as set by public
health requirements. This term is also applied to agents used to control the microbial population
in food service, food preparation and food processing areas. These are called food-contact
surface sanitizers and require a 99.999% kill. Sterilizer — An agent or device that destroys all
living things, including vegetative bacteria, spores, fungi and viruses. It is an absolute term;

that is, there is no such thing as “almost sterile”. Preservative — A chemical agent that inhibits
microbial growth. It generally refers to agents used to prevent the deterioration of foods, drugs,
cosmetics, household products, chemicals and other products.

Radiation and Gas

Cobalt radiation is often used to sterilize materials, as is ethylene oxide (EtO) gas. While EtO is
often used within hospitals, radiation is used primarily by manufacturers of disposable medical
equipment.

HOW TO REMOVE AND/OR DESTROY BACTERIA

There are three basic ways to control harmful microorganisms:

* Destroying bacteria in the environment with heat or disinfectants.

* Physical removal of bacteria from the environment, for example, by filtering air or cleaning.
* Destroying bacteria after a person has been infected by using antibiotics.

-10 -
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SECTION IV

COUNTING BACTERIA
ON SURFACES

WHY A COUNT?

There are times when it's desirable to know just how well a disinfectant, sanitizer or cleaning
procedure works. Since bacteria are invisible, only indirect methods can be used to show the
level of cleanliness achieved. In these cases, being able to do a bacterial count, or, at least, to
understand the procedure, is important. Bacterial counts in one area can be compared with a
neighboring area or bacteria can be counted on a surface before and after cleaning. Most people
tend to think that bacteria are spread evenly over a surface. This is not so. Unless adequate
samples are taken across an entire area, results can be very misleading. For example, in order
to get a reasonably accurate estimate of a floor area only 8 to 10 square feet in size, it is
necessary to take at least a dozen random samples within that area.

METHODS OF BACTERIAL COUNTING

Individual bacteria, as we know, are too small to be seen. Therefore, it is obviously not practical
to try to count them one at a time. Since bacteria multiply so quickly, and form colonies (clumps)
when they have moisture and food, it is possible to do a count at the stage when these colonies
have become big enough to be seen with the naked eye.

Swab Method

With the swab method, a sterile swab is dipped in sterile solution and then used to “wash” the
surface. This lifts the bacteria onto the swab. The swab is rubbed over a selected area, rolling
back and forth and criss-cross to thoroughly cover the few square inches involved. The swab

is dipped back into the sterile solution several times during the cleaning so that the bacteria

are rinsed off into the tube. The final step is to break off the tip of the swab and place it in the
solution. The tube is shaken hard to rinse all of the bacteria out of the swab and into the solution.
The solution is then poured onto the culture media plate. A culture media plate is simply a small
plastic or glass plate with a cover which is filled with melted (warm) culture media, called agar.
As the media cools it forms a gel.

The solution is poured over the gel. The lid is put on and the plate is kept in a warm place for

about 24 to 48 hours. The bacteria then multiply and become colonies that can be seen and
counted.

-11 -
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Rodac Plate

With a Rodac plate, the melted agar media is poured almost to overflowing into a plastic
disposable dish. When the agar media solidifies, it forms a too-full dish of media. This is then
pressed firmly and steadily onto the flat surface so bacteria will stick to it to be counted. The lid is
then put on, and the plate is put in an incubator (preferably about 98°F to 110°F) for about 24 to
48 hours. The Rodac plate is very simple to use, but it does not fit every situation. It only works
on flat or barely rounded surfaces where the gel can be rolled over the test surface. If this cannot
be done, the swab method should be used. Generally, the swab method is used for “tight”

spots and in food service areas, and Rodac plates for flat, nonfood surfaces.

COMPARING COUNTS

It should be noted that Rodac counts cannot be compared with counts from a swab method. With
the swab method, a good deal more bacteria are removed from the surface than is possible with
a Rodac plate — so swab counts will be higher than Rodac counts. In addition, swabbing usually
breaks up small clumps of bacteria and each part forms another colony, which is counted as a
separate colony. With the Rodac plate method the clump is undisturbed, and, as it multiplies

it grows together and is counted as only one colony. Always compare Rodac counts with Rodac
counts, and swab counts with swab counts in order to obtain a true comparison. When
conducting counts in hospitals, keep in mind that there are no fixed numbers or acceptable/
nonacceptable counts, only rough guidelines. Incubating swab or Rodac plates under aerobic
conditions will only show aerobic or facultative anaerobic bacteria. In order to obtain counts for
anaerobes, the plates must be incubated under anaerobic conditions. There are special
chambers that provide the right set of circumstances for their growth. However, in most cases
anaerobic plate counts are not very important because their bacteria do not grow or die quickly in
aerobic environments. Some anaerobic bacteria such as Clostridium are pathogenic and it may
be helpful to conduct such tests. Fungi can also be detected in a swab or Rodac plate, but
viruses cannot.

OTHER METHODS FOR DETERMINING NUMBER OF BACTERIA AND
VIRUSES

Today, other methods exist to count bacteria and viruses other than the plate count method.
Viruses, unlike bacteria on Rodac or agar plates, cannot be counted because of their “parasitic”
way of life. The new methods are based on molecular biology and genetics. For example, one
method is called PCR or Polymerase Chain Reaction. In this procedure the genetic material —
DNA or RNA of the bacteria or virus — are collected and replicated. Specific regions of the
genetic code unique to the particular organism are then located. This identifies and, in some
cases, counts the number of organisms.

-12 -
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IDENTIFYING SPECIFIC BACTERIA — PRESENCE OF SPORES

Ordinarily there is no need to identify the type of bacteria counted. However, if persistently high
counts occur when cleaning procedures seem to be perfectly correct, the laboratory can help by
identifying the specific bacteria, or unusual strains of bacteria. This is particularly significant
when numerous spores are found on analysis. Spores, those bacteria whose “armor plates”
resist all disinfecting attempts was discussed in an earlier section of this manual. Many
sporeforming bacteria are harmless, but since they cannot be killed, they can produce high
counts that may not be meaningful in terms of sanitation. Some examples of harmful spores are
Clostridium difficile and Clostridium tetani.

OTHER INFLUENCES ON BACTERIAL COUNTS

Bacteria clump together. Many times when a floor is mopped, a clump of bacteria is broken up
and each section has the potential to start a new colony. As a result, it is possible to obtain
higher counts after mopping than before. The number of samples taken and the method of
cleaning/ disinfecting, especially mopping, are important considerations if this type of result is
found.

Another important factor is the contamination of mops. Unless mops are thoroughly cleaned
and dried, they can become contaminated even if they are always used with a disinfectant. It is
not possible to kill all the bacteria trapped in the fibers and pores of a mop without sterilization or
hot air drying. Mop contamination and other dirty cleaning tools often account for strange
results in bacterial counts. Factors such as utilizing clean mops and wipe rags are important
for complete infection control procedures.

-13-
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SECTION ViII

TYPES OF DISINFECTANTS
AND SANITIZERS

GENERAL INFORMATION

Before discussing the various types of disinfecting and sanitizing products available, a few
general points should be made to put the picture in perspective. First, there is no “ideal’product.
If one product could do everything for every use, there would be no need for so many products.
There are many variables between products — even products of the same type, between
procedures, and from one type of facility to another. There are advantages and disadvantages to
all disinfecting/sanitizing products. It's important to understand these differences in order to
select the best product to satisfy your needs and meet your objectives. It’s also important to
know what can be expected from the different types of products available.

PHENOLICS

Phenolic disinfectants are the standard for disinfectant performance. They have had the
advantage of being among the first products to be called “hospital disinfectants” which has added
to their stature in many industries. Current phenolics are primarily synthetic in nature. They are
excellent disinfectants that have hospital antimicrobial action. Unlike dilutable quaternaries,
phenolics are tuberculocidal. This is a very important factor in their selection, particularly in the
health care setting. The OSHA Bloodborne Pathogens Standard requires the use of a hospital
disinfectant including tuberculocidal efficacy for clean up of blood or OPIM (Other Potentially
Infectious Material) spills. Phenolics couple up well with selected detergents to make effective
combination cleaner-disinfectant products. They are, however, inactivated by nonionic synthetic
detergents, so although they are not manufactured in such combinations, care must be taken to
avoid improper mixing which can result in poor disinfectant performance. This can be avoided by
properly cleaning equipment, and not mixing anything but water with a phenolic disinfectant or
cleaner-disinfectant (or, for that matter, any disinfectant regardless of chemical type).

Straight phenolic disinfectants, such as Professional AMPHYLe Disinfectant Cleaner

or Professional AMPHY Le Hospital Bulk Disinfectant Cleaner, manufactured by Reckitt Benckiser
Professional, are widely used in many industries for general disinfecting. It should be noted that
any disinfectant, sanitizer or simple cleaner can produce problems for certain people with
sensitive skin. For this reason, all of today’s disinfectant labels warn against possible skin
irritation and recommend that employees wear rubber gloves. All label precautions should
always be followed.

-14 -
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QUATERNARIES

Quaternary ammonium compounds are a second major class of germicides. They are not
tuberculocidal in dilutable formulations. Quaternaries are effective against Staphylococcus,
Salmonella, Pseudomonas, some lipophilic viruses, fungi and other common pathogens.
Properly formulated, quaternaries are considered to be very good cleaners and deodorizers. As
with any disinfectant/sanitizer product, there are differences between brands of quaternaries.
Proof of equal germicidal effectiveness cannot be taken for granted; lists of EPA-approved Kkill
claims should be reviewed to make comparisons. LYSOLeBrandl.C.™ Quaternary Disinfectant
Cleaner is effective for general health care use. Quaternaries are also used in the food
processing area, in supermarkets, and in restaurants. Professional LYSOLe Brand Antibacterial
All Purpose Cleaner and Professional LYSOLe Brand No Rinse Sanitizer are authorized by the
USDA and registered with NSF for food processing area use.

ACID DISINFECTANT CLEANERS

Acids disinfect by changing the environment for germs, rather than by attacking the cell walls, as
do phenolics or quaternaries. Reckitt Benckiser Professional’s acid-based cleaners are
EPAregistered and provide disinfecting action. Professional LYSOLe Brand Disinfectant

Toilet Bowl Cleaner and Professional LYSOLe Brandi Basin Tub & Tile Cleaner contain highly
active acids, which destroy germs. In addition, other actives such as quaternaries are added for
extra germicidal activity.

IODINES AND IODOPHORS

Most iodine-type disinfectants now in use are called iodophors — compounds of iodine and
nonionic synthetic detergents. These compounds, often promoted as “tamed” iodine products,
have fewer disagreeable characteristics than simpler iodine products. They are relatively low

in toxicity and less corrosive. In order to be active germicidally, iodophors must be kept on

the acid side of the pH scale. This is usually done by including phosphoric or hydrochloric acid in
the formula resulting in the potential for corrosion problems. lodophors are only fair detergents
compared to quaternary or phenolic detergent-disinfectants. This relates partly to the acid pH.
Phenolics and quaternaries are on the alkaline side of the scale, which contributes to their
cleaning ability. The reddish brown iodine color of iodophors can be an advantage or
disadvantage. The depth of color allows the user to see the degree of concentration since the
shade relates directly to the amount of iodine in the solution, and therefore, to the amount of
germicidal activity remaining. On the down side, however, these products do stain temporarily,
sometimes even permanently. Some plastics will be permanently stained. Some white paints will
be temporarily yellowed. Starched fabrics will show dark blue stains. lodophors, used at proper
dilution, can generally be depended upon to kill most microorganisms.

The greatest use of iodophors is in disinfecting and sanitizing food contact surfaces and food
preparation equipment. These surfaces, however, must be cleaned first and rinsed with fresh
water before iodophor disinfectants are applied.
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CHLORINE

Chlorine, also known as bleach or sodium hypochlorite, is a chemical that has received

much attention due to the issuance of the OSHA Bloodborne Pathogens Standard-29 CFR
1910.1030. This standard, along with numerous previous recommendations for its use, promotes
chlorine as an effective method of decontaminate on of surfaces. During disease outbreaks such
as Legionnaires Disease and the initial discovery of HIV-1 (AIDS Virus), chlorine was the initial
product recommended by many government agencies since, at the time, no other disinfectants,
or chlorine for that matter, had been tested against these organisms. It seems that, when it is
unknown what will effectively kill a bacterial or viral organism, chlorine is the standard product
recommended. Although chlorine can be an effective disinfectant, its chemistry, and particularly
its stability, leave much to be desired.

Chlorine’s use in swimming pools and potable water systems is well known. However, it is quite
unstable when exposed to light, heat or organic soil. It is for this reason that chlorine must be
added to swimming pools regularly on hot, sunny days or when they receive excessive use. This
increased use causes significant reduction in the pool’'s chlorine level. As people enter a pool
they carry with them soil, body oils, and dirt. This equates to an increase in organic soil levels,
which quickly reduce chlorine’s bactericidal efficacy. The Bloodborne Pathogens Standard

calls for disinfection of contaminated surfaces with a “freshly prepared” 1:10 solution of sodium
hypochlorite. However, no indication is given as to what is considered “freshly prepared”. Most
sources suggest daily preparation. Chlorine is also corrosive and/or damaging to numerous
surfaces including steel, carpet fiber, clothing and human skin. In addition, it is extremely reactive
if inadvertently added to other chemicals such as acids. The following chart lists many properties
of chlorine as compared to other chemical disinfectants including phenolics and quaternaries.
Please keep in mind that this discussion does not cover the subject of chlorine used in food
service sanitation.

Characteristics Phenolics* Quats* RTU Quats* Chlorine

Dilution Stable, EPA Stable, EPA Stable Use solutions should

Stability recommends be used promptly. daily use daily use High temperatures
preparation and light accelerate instability

Concentrate Over 2 years Over years Indefinitely Should be stored in a
Stability cool dark location in closed containers, i.e., shielded from ultra

violet light

Disinfection Hospital strength Hospital strength Hospital strength While OSHA
Level including TB some including recommended, not all TB are EPA registered
Disinfectants

Effective in Yes Yes Yes Presence of organic

presence of material can effect

Organic Soil stability/efficacy

Wetting Ability Good Good Good Poor or none

Odor Clean/medicinal Pleasant Clean Harsh

Cleaning Ability Good Very Good Exceptional Some color/stain

removal

*Refers to products manufactured by Reckitt Benckiser Professional
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OTHER DISINFECTANT AND SANITIZING AGENTS

There are a number of other agents used for limited purposes, a few of which are mentioned
below.

* Glutaraldehyde products are used for cold sterilization of heat sensitive instruments and
equipment. They are not recommended for environmental surfaces. Glutaraldehydes are a
very effective germicide, but have a distinctly unpleasant odor and are very harsh. There are
special precautions that must be taken when handling glutaraldehydes. Although
glutaraldehydes are sporicidal, the sporicidal activity is available only with a 10-

hour soak. Disinfection is achieved, in most cases, after a 20 to 45 minute soak. Most
glutaraldehydes must be prepared by adding a separately bottled “activator”.

* Glycols are used in some aerosol air-sanitizing products. The presence of 5% to 10% glycols
in such products reduces airborne bacteria. When this percentage is in the formula, the
product is considered to be an air sanitizer under EPA regulations.

 Antimicrobial hand soaps use ingredients that reduce bacterial counts on skin but have no
application for surface disinfection or sanitizing, such as Professional LYSOLe Brand I.C.™
Antimicrobial Soap.

Published on the Food Directorate’s (Health Canada's) website at
http://www.hc-sc.gc.ca/fn-an/res-rech/analy-meth/microbio/index_e.html
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1. APPLICATION

This method is applicable to the preparation of necessary material in order to take environmental samples
in food processing plants in support of compliance activity relative to Section 7 of the Food and Drugs Act.
This revised method replaces MFLP-41B dated April 1998 and the Supplement to Method MFLP-41B
dated September 1999.

2. DESCRIPTION

This procedure describes methods of preparation for material to be used when environmental sampling is
done in a food plant environment for microbiological evaluation. For information on how to take a sample
from a food contact surface in a food plant environment please refer to MFLP-41A.

3. PRINCIPLE

It is essential that the methods and materials used for environmental sampling be standardized since the
presence of pathogens or high numbers of bacteria in a food plant establishment may be a sign that foods
MFLP-41B - 2 - July 2006 have been produced under poor sanitary conditions or that the plant houses
microbial niches. Methods used will demonstrate the presence or estimate the number of viable
microorganisms sampled on food contact surfaces. Samples obtained are then inoculated into or onto
selective media specific to the type of microorganism(s) of interest. It is assumed that each viable
microorganism will then multiply under specified conditions of incubation and give rise to visible growth
which can be measured, counted and identified. This method is still considered semi-quantitative since
varying proportions of the total number of viable cells may be recovered. However, identification of
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microorganisms isolated may provide valuable information. It is essential that microbiological analysis be
initiated as soon as possible after sampling in order to avoid any loss due to die-off.

4. BEFORE SAMPLING
Before initiating environmental sampling, the person responsible for performing the environmental
sampling must notify and consult with laboratory personnel.

5. MATERIALS AND SPECIAL EQUIPMENT

5.1 Sterile material may be prepared by laboratory personnel or purchased

1) Spoons (short- and long-handled), sterile

2) Forceps, sterile

3) Knives (Victorinox or equivalent), sterile

4) Plastic cups (8 oz., Becton Dickinson Labware, #4015, or equivalent), sterile

5) Swabs (cotton, calcium alginate, Dacron or Rayon)

6) Sponges (celluose or polyurethane). Commercially available with or without neutralizing buffer
(Qualicum Scientific, Oxoid) or equivalent.

7) Swatches (J-cloths, gauze or cloths)

8) Jars, polypropylene or other unbreakable material (Nalgene or equivalent)

9) Whirlpak™ bags, sterile

10) Screw-cap tubes, polypropylene or other unbreakable material for swabs

11) Disposable overalls, head cover, overshoes, facial hair-cover (if sterile clothing is needed)
12) Prepackaged surgical gloves (wrist), sterile

13) RODAC™ plates (Falcon)

14) Petrifilm™ plates, various types

15) Neutralizing Buffer, commercially available (Difco, Qualicum Scientific, Oxoid) or equivalent
16) D/E Neutralizing Agar, commercially available (Difco, Qualicum Scientific, Oxoid) or equivalent.
17) Microbial Content Test Agar, commercially available (Difco, Qualicum Scientific, Oxoid) or
equivalent.

18) Violet Red Bile Agar, commercially available (Difco, Oxoid) or equivalent.

MFLP-41B
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19) Dichloran Rose-Bengal Chloramphenicol (DRBC) Agar Base, commercially available (Difco,
Oxoid) or equivalent.

20) Baird Parker Agar Base, commercially available (Difco, Oxoid), or equivalent.

21) Letheen Broth/Agar, commercially available (Difco) or equivalent.

22) Transport medium, commercially available (Difco) or equivalent.

5.2 Surface Treatment for Chemical Germicides

If sampling is to be carried out on surfaces previously subjected to chemical germicide treatment,
appropriate neutralizers should be incorporated into the medium. Neutralizing media are usually
commercially available. Although efficacy of the neutralizers for agar contact sampling has not been
demonstrated definitively, it has been found useful.

See Table 1 for a list of media, neutralizers, the compounds which are neutralized and the reference.

6. PREPARATION OF BACTERIAL CARRIERS

It is recommended that each lot of bacterial carriers (sponges, swatches, swabs) be tested for inhibitory
properties against the selected bacteria by using the method of Libras and Rose (8.1, Appendix 1) or
another acceptable method. See Appendix 1 of this method.
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6.1 Sponges

6.1.1 Put sponge(s) (approx. 4 cm X 8 cm) in a wide mouth Nalgene jar containing 10 to 15 mL of
Neutralizing Buffer or any other buffered rinse solution which contains neutralizers to completely moisten
each sponge. Sterilise jars at 121°C for 15 minutes. Alternately, place pre-sterilized sponges and
Neutralizing Buffer into sterile Whirlpak bags or jars.

Indicate the sterility of the sponges with autoclave tape. Mark each container with the preparation or expiry
date.

Alternatively, individual packaged sponges, pre-moistened with neutralizing buffer, are commercially
available.

6.2 Swatches (J-cloths, gauze and cloths)

6.2.1 Cut J-cloths 35 X 60 cm in half in order to obtain a cloth of 17.5 X 30 cm. Fold the swatches

in such a way that they can be easily removed by inspectors. Five swatches can be put in a sampling jar
with the last side folded on the top to facilitate removal while using forceps or gloves.

6.2.2 Add 200 mL of neutralizing buffer per sampling jar. Label each jar with the identity of the
media, the date and the number of cloths in the container. Autoclave at 121°C for 15 min.

6.3 Swabs

6.3.1 Swabs of approximately 2 cm with the head firmly attach to an applicator stick 12 to 15 cm
long may be used. Swabs made of calcium alginate fibres are soluble in aqueous solutions
containing 1% sodium hexametaphosphate (or sodium glycerophosphate, or sodium citrate,

or 1% of any mixture of these) allowing the release of the captured organisms. Pre-sterilized
swabs in various transport media are commercially available.

MFLP-41B
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6.3.2 For sterile dry swabs, prepare screw-capped plastic vials containing 20 mL of sterile
Neutralizing Buffer or any other buffered rinse solution which contains neutralizers.

Also, prepare screw-capped tubes of sterile transport media to contain the swab used to
sample the environmental surface.

6.4 Keep bacterial carriers refrigerated until picked up by the inspector. Ship bacterial carriers to
inspectors with ice packs.

7. SAMPLING

There are two types of sampling: qualitative and quantitative. Qualitative sampling includes liquid media
which promote the growth of the organism of concern. Quantitative sampling estimates the number of
bacteria isolated from a determined sampling area using Petrifilmmand RODACw plates.

7.1 Qualitative Sampling and Procedure

Note: It is imperative that the “Application Section” of each method be reviewed before use to determine
the method’s applicability to the food or environmental sample in question. Applicability of methods to new
matrices requires validation.

7.1.1 Bacterial carriers and controls must be refrigerated when received by the laboratory and
analyzed as soon as possible.
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7.1.2 Add media or supplements to media as appropriate, and incubate following the appropriate
method for the microorganism(s) of concern.

7.1.3 Detection of Microorganisms; table 2 lists appropriate steps to be taken when samples are
received at the laboratory after inspection. Usually qualitative environmental sampling is

done when the presence of Listeria monocytogenes, Salmonella, or Staphylococcus aureus

is suspected. Therefore, only those are listed in the table. Other determinations can also be
performed depending upon recommendations made by laboratory personnel to the inspector,
and is usually determined on a case by case basis.

7.2 Quantitative Sampling and Procedure
7.2.1 Perform quantitative sampling using RODAC (Replicate Organism Detection and Counting
plates) or Petrifilm plates.

7.2.2 Preparation of RODAC plates

Fill the disposable plastic RODACw plates aseptically with 15.5 to 16.5 mL of the appropriate

sterile media. The meniscus of the agar should rise above the rim of the plate to give a

slightly convex surface in order to allow a good contact with the surface to be sampled. Prefilled plates with
test medium are also commercially available. Media for some methods are listed in Table 3 and the
formulae can be found in the Compendium, Appendix G (8.2). When sanitizer residues are present on the
contact surface, choose an appropriate neutralizer to add to the media from Table 1. Media with
neutralizers are also commercially available.

7.2.3 Preparation of Petrifilmtm

Follow the manufacturer's instructions. Request the technical bulletin on SURFACE
SAMPLING PROCEDURES from the manufacturer,and pay particular attention to the
recommended diluents when sanitiser residues may be present.

MFLP-41B
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7.2.4 Detection of Microorganisms

Count all developing colonies. Spreading colonies should be counted as one but care should

be taken to observe other distinct colonies intermingled in the growth around the plate

periphery or along a hair line. These should also be counted as one colony, as should bicoloured
colonies and halo type spreaders. It is generally agreed that 200 colonies is the approximate maximum
that can be counted on contact plates. Colony counts may be recorded by:

1) Individual counts,

2) Number of viable patrticles per selected area,

3) Means and standard deviations.

8. REFERENCES

8.1 Libras, C. M. and Rose, B. E. 1989 . Antibacterial Properties of Retail Sponges. J. of Food Prot.
52(1):49-50.

8.2 Health Canada. 2006. Appendix G In Volumes 1, 2 and 3. Compendium of Analytical Methods.
Website: http://www.hc-sc.gc.ca/fn-an/res-rech/analy-meth/microbio/index_e.html.

8.3 American Public Health Association. 2001. Compendium of Methods for the Microbiological

Examination of Foods; Fourth Edition. F.P. Downes and K. Ito (eds.). American Public Health
Association Inc., 1015 Fifteenth Street, Washington, D.C. 20005.
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Table 1: Neutralizers of sanitisers for media
Media Neutralizers Compounds Neutralized Ref.
Bacto D/E Neutralizing
Agar (Dey and Engley
Agar)

Sodium thyoglycollate
Sodium thiosulphate
Sodium bisulfite

Lecithin (soybean)

Tween 80

Quaternary ammonium,
phenols, iodine, chlorine,
mercurials (Merthiolate),
formaldehyde,
gluteraldehyde

APHA (8.3)

Difco (8.4)

0.1% peptone water For surfaces containing fatty
materials

0.5% Tergitol Anionic 7
0.5-1.0% Tween 80
Phenols APHA (8.3)
Letheen Broth/Agar Lecithin
Tween 80

Quaternary Ammonium,
phenols, formalin,
hexachlorophene, ethanol
Difco (8.4)

Bacto Neutralizing

Buffer

Monopotassium phosphate,
Sodium thiosulfate, Aryl
Sulfonate Complex
Chlorine and quaternary
ammonium

Difco (8.4)

Bacto Microbial

Content Test Agar

Lecithin

Tween 80

Quaternary ammonium,
phenols, formalin,
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hexachlorophene, ethanol
Difco (8.4)

MFLP-41B
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Table 2: Methods for Qualitative Analyses

Determination Receiving Analysis

Listeria monocytogenes Add LEB (or the appropriate broth) at 200 mL / unit (sponges) or 10mL/unit
(swabs), and incubate at 30°C for 48 hours (or the

temperature specified in the selected method). Proceed as per method chosen

from the Compendium Appendix K

(8.5) Listeria species and Listeria monocytogenes.

Staphylococcus aureus Incubate for 3 hours at 35°C in 50

mL of double-strength TSB. Add 100 mL of a solution of TSB
single strength containing 20% salt (sponges) or 10mL/unit (swabs).
Incubate at 35°C for 24 hours. (8.3) Proceed as per method chosen
from the Compendium Appendix K

Staphylococcus aureus

Salmonella Add Nutrient broth (or the appropriate broth) at 100 mL / unit
(sponges) or 10mL/unit (swabs), and incubate at 35°C for 18-24 hours.
Proceed as per method chosen from the Compendium Appendix K

Salmonella
MFLP-41B
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Table 3: Methods for Quantitative Analyses
Determination Petrifilm/Rodac Media Method (or equivalent)
Coliforms RODACw

Petrifilmrwm

Petrifilmrwm

Violet Red Bile (VRB)

Coliform Count (CC)

plates

High Sensitivity

Coliform Plates

See manufacturer’s

procedure

MFHPB-35

MFLP-85

Escherichia coli Petrifilmmv E. coli count (EC)
plates

MFHPB-34

Aerobic Colony Count RODACm

Petrifilmrm

Microbial Content Test
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Agar (MCTA)

Aerobic Count (AC)

See manufacturer’s procedure
MFHPB-33 Yeasts and Moulds RODACv
Petrifilmrwm

DRBC Agar

Yeast and Mould (YM)
Count Plates

See manufacturer’s
procedure

MFHPB-32
Staphylococcus

aureus

RODAC™

Petrifilmrm

Baird Parker (BP)

Staph Express plates
See manufacturer’s
procedure

MFLP-21

Other bacteria, as
needed

See this Compendium for
suitable methods
MFLP-41B
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APPENDIX 1

VERIFICATION OF INHIBITORY PROPERTIES

Published studies by Libras and Rose (8.1) have indicated that some sponges sold at retail outlets for
environmental sampling may contain antibacterial agents. In order to prevent problems caused by
inhibition from the use of sponges or similar material, each lot of bacterial carriers (sponge, J-cloth, etc.)
should be tested for inhibitory properties using one of the two methods presented below. Before initiating
the inhibitory test, bacterial carriers should be moistened with neutralizing buffer, put in a Nalgene jar (or
equivalent) and autoclaved for 30 minutes.

PREPARATION OF CONTROL CULTURES

Keep cultures on TSA at 4°C. For each test, each culture must be transferred into test tubes containing 9
mL of TSB and incubated at 35°C overnight. Sample 0.1 mL from the first tube of TSB and transfer it into
a second tube containing 4 mL of TSB. Incubate the second tube at 35°C overnight. Adjust the optic
density of cultures at 0.5-0.6 at 600 nm wavelength. Adjust cell density by either diluting with sterile TSB
or centrifuging and resuspending the cell pellet in a smaller volume of sterile broth.
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METHODS

From Libras and Rose (8.1) The following two methods are suggested:

1. Solid Media

1) After the optical density of each bacterial culture is adjusted, a sterile swab is dipped into the culture.
Drain excess liquid from swab by pressing the tip against the inside of the tube just above the level

of the broth. The plate is swabbed in three directions to obtain a uniform lawn of growth. Three plates
should be prepared for each bacterial strain.

2) Aseptically place two to three sponges, ca. a 1 cm square piece of the sponge, per plate for each
bacterial strain. Incubate plates upright at 35°C for 20-24 h.

3) Roughly measure the inhibition zones, in millimetres, around the edges of the piece of sponge.

2. Liquid Media

1) Sterilize Neutralizing buffer at 121°C for 30 minutes and inoculate (MUST be cooled or you will kill the
organisms) with appropriate bacterial strain in order to obtain approximately 20 cells per millilitre.

The material analyzed should be completely submerged. The material tested (previously moistened

and sterilized) is immersed into that suspension, pressed against the inside of the tube just above the
level of the broth, draining the excess liquid in order to give a good impregnation. Follow the same
procedure for each trial in peptone water without bacteria as a negative control.

2) After being immersed into the bacterial suspension, the bacterial carrier (sponge, Q-tips, J-cloth, etc.)
is put into the appropriate nutrient broth i.e. enrichment broth for Listeria (LEB) to isolate Listeria
monocytogenes or Nutrient Broth (NB) to isolate S. aureus, E. coli and Salmonella. Repeat this
procedure three times in 3 different jars for each bacteria and each type of bacterial carrier tested.

For each trial, a sample of 5 mL of inoculated peptone water is put into a nutritive media as a positive
control.

3) LEB is incubated at 30°C and NB at 35°C for 24 hours.

4) In order to check for the growth of L. monocytogenes, LEB is inoculated onto PALCAM agar and
Oxford agar. NB is streaked on Baird-Parker (BP) agar to check for the growth of S. aureus or on
MacConkey (MC) agar to check for the growth of E. coli and Salmonella.

-25.-



WWM-gtz  saaall o peall 5 elsall o ol zali Gilasall Jalae -olall Lis o) 5019 S0e

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.
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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 }_‘.*.%/ : :
[ s R e iy |
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.)

-37-



WWM-gtz  saaall o peall 5 elsall o ol zali Glasall Jabea —sbaall L ol g5 Sae

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.
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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 / Supplementary Pages: Dilution Theory per se:
* Page 1 — Dilution Plating
* Page 2 — More Dilution Plating |+ Practice Set 1 (Plating)

Supplementary Pages:

* Five-Tube MPN Table

A Five-Tube MPN Table

+ Page 3 — The MPN Method

« Practice Set 2 (Plating&MPN)

At the right is a 5-tube MPN table, taken from the
Standard Methods for the Examination of Water and
Wastewater, 15th edition (1980) and adapted for use to
determine the most probable number of positive
organisms per inoculum of the middle set of tubes. The
same rules apply as previously stated in that the actual
amount of sample inoculum decreases ten-fold with
each succeeding set of tubes — which can be

accomplished by (for example) making one ml
inoculations from decimally-increasing dilutions as in
the following example.

As an example problem: Suppose 5 tubes of an all-
purpose medium are each inoculated with 1 ml of a 102
dilution of a water sample, and 5 more are likewise
inoculated from a 10~ dilution as are 5 more from a 10
dilution. If the results show 5 positives for the first set of
tubes, 3 for the second and 1 for the last, the 5-3-1
combination matches with the MPN value of 1.1 which,
according to the table, means that there would be (on the
average) approximately 1.1 positive organisms per ml of
the 1072 dilution. Therefore, the number per ml of the
original, undiluted water sample would be 1.1 X 10°,
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.

© 2000, John Lindquist

Return to the Main MPN Page.

Page last modified on 5/19/01 at 4:00 PM, CDT.

John Lindquist: new homepage, complete site outline.

Department of Bacteriology, U.W.-Madison
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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.
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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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9.

10.

11.

12.

13.

14.

15.

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.

-B5 -



WWM-gtz samall Cijuall 5 obaall 51l i 5 ol Jales -obyall L sl 505 S0

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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S - -
Sy T __
4= °

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

"Calculation and Reporting of Fecal Indicator Bacteria."
19. 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.

Quiality 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.
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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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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.

Figure 4-1 Dilution plating and viable plate counts
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(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
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
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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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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.
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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.
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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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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.

-80 -



WWM-gtz  saaall o peall 5 elsall o ol zali Glasall Jabea —sbaall L ol g5 Sae

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.

Links

[1] http://www.bact.wisc.edu/Microtextbook/index.php?module=Book&func=displayarticle&art id=26

[2] http://www.bact.wisc.edu/Microtextbook/index.php?module=Book&func=displayglossary#colonies
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&chap _number=2

[4]
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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

(T =it
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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.

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 Plating « 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 | ; , 1
—i.e., the number of CFUs per ml or per gram B ﬁ
of the sample. For example, if we were to plate Hzo 100 colonies arise
out one ml of a lake water sample and then — d""‘j incvboation

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 107 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 answer
if you used a different amount of melted Plate Count Agar, say 20 or 25 ml? So, you
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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

o 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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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

ilanall Job ol Ul 05 S0

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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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
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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.

-120 -


http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/jpgs/27_Tap_vs_filtered_water_P8151473md.JPG

WWM-gtz sasall Copeall 5 sbaall o jlaf i 5

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

Eillanall Jalas —olsal) Lin sl gus 5 Sn

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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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

Eillanall Jalas —olsal) Lin sl gus 5 Sn

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
s 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

-125 -

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.)



http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/06_Immerse_cylinder_EtOH_P8141447.jpg
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/06_Immerse_cylinder_EtOH_P8141447.jpg
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/06_Immerse_cylinder_EtOH_P8141447.jpg
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/07_Flame_cylinder_P8141448.jpg
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/08_Grasp_flamed_cylinder_P8141449.jpg
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Drinking_Water/08_Grasp_flamed_cylinder_P8141449.jpg

WWM-gtz sasall Copeall 5 sbaall o jlaf i 5 Cildanall Jalas -olaall Lia gl g5 Ssa

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

-131 -


http://www.water-research.net/fecalcoliform.htm#source
http://www.water-research.net/fecalcoliform.htm#potential
http://www.water-research.net/fecalcoliform.htm#test
http://www.water-research.net/fecalcoliform.htm#treat

WWM-gtz  saaall o peall 5 elsall o ol zali Gilasall Jalae -olall Lis o) 5019 S0e

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:
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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.

| o Somctis
[oicon [ mowws [ [ wmws |

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
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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.
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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 [10]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
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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
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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

- 165 -


http://www.epa.gov/nerlcwww/
http://www.epa.gov/nrmrl/pec/qapp.html

WWM-gtz sasall Copeall 5 sbaall o jlaf i 5 Cildanall Jalas -olaall Lia gl g5 Ssa

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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http://www.epa.gov/nrmrl/pec/qapp.html
http://www.epa.gov/epahome/pdf.html
http://www.epa.gov/nrmrl/pec/pubs/qapp.pdf
http://www.epa.gov/nrmrl/pec/pubs/qapp.htm
http://www.epa.gov/nrmrl/pec/pubs/checklist.doc
http://www.epa.gov/nrmrl/pec/pubs/exampleqappbiofilmgrowth.doc
http://www.epa.gov/nrmrl/pec/pubs/qappchecklistbiofilmgrowth.doc
http://www.epa.gov/nrmrl/pec/pubs/exampleqappparticulatenutrients.doc
http://www.epa.gov/nrmrl/pec/pubs/qappchecklistparticulatenutrients.doc
http://www.epa.gov/quality/qa_docs.html
http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf

WWM-gtz sasall Copeall 5 sbaall o jlaf i 5 Gillanall Jalae -obeall L 5 g5 5S0a

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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http://support.microsoft.com/kb/q165908/
http://support.microsoft.com/kb/q165908/
http://www.epa.gov/nrmrl/pec/qapp.html
http://www.epa.gov/nrmrl/pec/index.html
http://www.epa.gov/nrmrl/pec/basic.html
http://www.epa.gov/nrmrl/pec/criteria.html
http://www.epa.gov/nrmrl/pec/bsguidance.html
http://www.epa.gov/nrmrl/pec/eqprocess.html
http://www.epa.gov/nrmrl/pec/wul.html
http://www.epa.gov/nrmrl/pec/apply.html
http://www.epa.gov/nrmrl/pec/qapp.html
http://www.epa.gov/nrmrl/pec/links.html
http://www.epa.gov/nrmrl/
http://www.epa.gov/
http://www.epa.gov/epafiles/usenotice.htm
http://www.epa.gov/nrmrl/pec/contacts.html
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