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Iron Bacteria sl b i: Y gf

Collection of Samples and Identification «isiwaillyclisll zaa
Al JIEYT 3 jedas paall b i<y e Al
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a4l 3alall o gSis s Saall Gandll e Bale ading diaeal) sl Ly S Cayial
olae (8 = S gl g el gl ¢ Sl el puand) 8 RSN s ySaall paill dlainall slaal)
oV gling Ly sl alas (b LY o La (8 sl Ly iS5 0 935 (3 olldY) oy yill 21l
aiaill e il Gald 3 seaa

L s ySaa ol g il 5 LT (g 8 pdlie A gasaal) cilial) e (538 30 35k jal 5l
38l A g ¢ Aag pd el Lgdae A oS g )i dag il el Il (e 6 3 a

& Baal gl 5 il e 3 saadl ol sall Adapdll anall 5 d8  Ja gl G oS g jSaall (5 jraall
IR e Layy )Y laalla slie sl L 5005 Jliee Cilie it Al sall slona 4618 oLl
A8l a0 BlAS Jray g L oS5 Saa ddlia 2ay Sl jiidn5 5 St 0,45 g i daded
J> Phase contrast microscope  (Sball S g Saall 5 3 pilae el ) jaundl
GooY) Jsud siSY i India ink xied) el Jasinl gua (550 anill ddae o) ) Jed) (4a
apaall G i s Sl Loayl (S s 3l salall o g 5 Saall Jlaminsl Alla 8 sl

. Epifluorescence microscope alaaiuly

Lo llle s AY) Aanl) il o o) gell 5 smant) 5okl L Al aaal) (e 4880 a5 )
Jeai o gl 5 Jlati g gt Llle Ja gl A LSRN aaall U 5 (e iy sual) 5l abee Y1 anas
(e sial) aaall A Aad g anall ol &5 3l )

Jie A 3ide S o 5l Jlaysi 1858 el 5185 paell (mala aladind ey apaall Canl 5 403
Balal) 48 yail 5 (o oIl S il A3y oS MLy Sodium ascorbate < sSal 3 s
dgas Ay el e die ) Potassium ferrocyanide (s dslae il aaall
Aosaal) oy 5T LAY Jga aall 8 L s 3,00 08! 05508 ey 1S5 yngl) (adls

B3 S AY) 2l L S g d gdl) dsa s ol Jeaiad ey daleall sl dailall dag 530 455 )k
Oe s (o) o5 el o gri Lgen g (ld dadal L dala ) g8 5 )Sa Ay i i g il 43y Hha
slaall d dilide Bleel e dad o @l Bl Laay &) acaall e 83 58k slae o e
(Wojcik,& Wojcik, 2l 5o sa o) Lo oS g jSia Lpaanid o Ll ) Ja8 Adlise <l il
Iron bacteria presence test sl by aal g8 Hlidl cawidel A8yl clis | 1986)
.(Cullimore & McCann, 1977 ) waall L 5iSs (e aisl

Al e gl anll by i€y JIKEL Lot jliay IS Caia o ¢S
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Sulfur Bacteria < Sl G 38 ;LG

General Characteristics 4aladl (alsall o

JSaI Ll &y pume puall g Sl LS ja (g A guona a8 J 385 ) 2855 A L S

LR e Ll S 5 ey pSUAL Fiaal) LSl e gane Adlida 4 a3y glaS (al 53 g

o2 o g H, S ConsuaY A xS I SO,F iy Sl J sty Lol sa Y e 5as)
.gliding motility 48Y 31 4S s 415 LAl e Desulfonema «ds seasll
Photosynthetic ol Jiall L i de sana (A oy Sl LSS e A6 de sana
hreS (o 0V 2t S Jexiiy o guall 35a 5 (8 LAY sall Al g2 yY) 5 6] juadl)
sl il Hydrogen donor g s,ud

058 (e 4y sme alias Jaxind Myxotrophic dsas o sl dape 2315 de sane sliaci
Gl lay <l A paal) cu sl LS e 820ST (e A O AN e Jiant la oS
S 2y S N

Co SIS je 2S5 (A 5 ¢ Oy ST g8 3o all de sanall (A Arl )l de sandll

Sl a3 gall ALl 50uSY) JYA (e saill ZaLLN e J geanll Lol s 4 34
.Chemoautotrophic 4 yac

iy Sl A il 1y Sl (oo Allal) clalaall 5 obiall Jlaa (A dalgdl o S0 G 5iSH (g

4l sl Adal) sam 5 L il 5 ¢« Desulfovibrio Jdedi Al s Sulfate-reducing bacteria
3mS da sl il SU A 3l Uy 35S Thiobacillus osis (e o ySU 308 )
o ol gl olsall 8 RSl g aadall JSLSa st IS 5 sl Ja glad 8 JSU il
JSWl) Sl g Al Al (o pall Ja glad opeSS 8 aald el HSl) aalad Lealsil DA
Ol cadlall

Collection of Samples and Identification —ivaillyclinl) aaa o

G sSiall o sall s sSs s Saall (mndll bl e (5 yan 5ol Acaid) cuy I L S0 Cayisd
e

a1 ) gall s3] A yrall = shandl (o Cilaasa colyall (8 Ailaall T 501 ) sall (o e gl
580 a5l
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oyl s S, g s s Sam B3 Lay y g S0  SIS5 (0 gaaliva 2030

onSl ko 5l (sl ey 5SSy 5 el a1

i (e 3 S 510 all g Sl 5 iy S0 A 5l Uy 501 (o S 55 sl A panall
i selaall (e Lo (S ¥ Gl 5

Al ga W) g ) ey Sl L iy, 1, 2

Green sulfur bacteria sl padll cupusiLass (1.1.2
OVOoid sy 6 ysa A5 G50 o 38 o 4 ginall oball 8 Lle ) 5
I Okl 2oy Sl e il dale ¢AS e e (JSEN (A4 e
LA 8 58 Y S5 ol ) 130 Sl Gl Ol (85 juada o] hia

Purple sulfur bacteria 4slsa ¥ cuslibis (2.1, 2
e 5 Sl Sl L 68 € (oa y Gan s ) arby € e 4 ginall olaal) (8 2l 3
83 yaall Cpually (g 5 A0 5ka 5 A8 5 € JIK o) jaa gadi LA st 44K Clapa
K58 Ol Sy ALi€e <l 58 53 (B (5 gaiall olially o 8 A1 L S 3 ga g A s
Infrared 2, 1aY) dakic & paliiuddl Scanning e s A1 adASL
.53l 870 — 660 Jiase (83 58 palans (5 S0 Jid g ) IS
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Colorless filamentous sulfur il dae Ldadl) cy Sl L3S, 2 |, 2
bacteria

die olaall & ) g3 A0 JISEY) 3 edad Al ¢l Aaae dadl) iy Sl G SIS
Deae Ll el ol Jilas ()5S Lary L CpnsoaY) 2 S5 ey G OIS 253
Lary s 8mS Lasae (o5 Aalalalliy Sl Ciluns G 35 ) aad ) Sl jias (a
Dsalls 4l Giiai s Gliding movement 38 3Y) A8 jall A4S jatia ) K5
aalid)

&0 B
Yog

1 ‘\:'.E?‘

't;"g;;;‘
e e o
{' - cl ) 3'}# l
& G el

Q - 5 3 |
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Colorless nonfilamentous — 4sdia gl el dagse <y Sl G 3G, 3, 2
sulfur bacteria

Adasi e 0S5 ale (JBRS I () duniiia il ¢ sl Aagae iy S G S

oSl Sls dsa 5 ae SN 4 pme ) dpiay S ate Allaiadl Clladally

Ja S dale (A s Gl 5 S a Sl Gl s S

iy oSl AL kal) Ly ) g 8 ptual) o) dapae oy S L 53, 4, 2

Colorless small sulfur bacteria and sulfate-reducing bacteria
Jie iy Sl AL Rl b yiSall 533 5ia 3 jura WAL Thiobacillus — spp.
8_ypa bl o £ | 1 g8 s ySaall (andlls el S Y Desulfovibrio
A S o 4 siaall Al b o) 555 JSAN 4y eae AS ade ¢ slll dapre
« Thiobacills Ol 5l o) il Gty Ale Sl Cllapan a5 Y
o sl s 5y il HSITAD Jiaall by S e La e s Desulfovibrio s sluss
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A Juadl

G sl g maad) by S J e g cmadd e
Enumeration, enrichment, and Isolation of
Iron and Sulfur Bacteria

9 <y ST AD sl Ly Sl CaBla Cy Sl g sl L S dal o Alisg a6 Y
18 S3e e ol B rladlly cma dii g ) jal eaddl Jall 541,30 Thiobacilli
ohan ) ddadiall sleall (e ddapdll U Sl e Y slaad il Gals 4a s e s

Al S e sl (e apaall 2a) 5 Cus (5 A

Media 4l . 1

Casitone-glycerol-yeast autolysate broth (CGY) for the Sphaerotilus .1 .1

group:
Alabdlas ) a4 puasd Lay s il e (e puand Glldl 3 jala 2a 68 Y ey ) 42l 028
Jal%1.5
Casitone 590
Glyserol 10 ml
Yeast autolysate 19
Reagen-grade water 1L
Isolation medium (iron bacteria) (sl b i) Jje 40,2, 1
Glucose 0.15¢g
Ammonium sulfate (NH, ), SO, 05¢g
Calcium nitrate, Ca(NO3), 0.01g
Dipotassium hydrogen phosphate, K HPO 0.05 g
Magnesium sulfate, MgSQO, .7H, O 0.05 g
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Potassium chloride, KCI 0.05¢g
Calcium carbonate, CaCO4 01g

Agar 100 ¢
Cyanocobalamin 0.01 g
Thiamine 04 ¢
Reagent-grade water 1L

Maintenance (SCY) medium (iron bacteria) sl b yiSdela¥lds, 3.1

Sucrose 149

Casitone 0.75 g
Yeast extract 025 ¢
Trypticase soy broth without dextrose 0.25 g
Agar 100 g
Thiamine 04 ¢
Cyanocobalamin 0.01 g
Reagent-grade water 1L

Mnagarno.l .4.1

Manganous carbonate, MnCO; 2

Beef extract 19
Ferrous ammonium sulfate, Fe(NH, ), (SO, )» 150 mg
Sodium citrate 150 g
Yeast extract 75 mg
Cyanocobalamin 0.005 mg
Agar 10 g
Reagent-grade water 1L

.Cyanocobalamin x4l ade g yias
Al s’ J8 4dia 5 =0l il Cyanocobalamin i

Mnagar No.2 .5.1
i Sl a6y S Apaa Ay yuins

Manganous sulfate, MnSO, .H,0O 10 mg
Agar 15 ¢
Natural water 1L
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Iron Oxidizing medium (Thiobacillus ferroxidants) Sl xaalldin 6,1
Basil salts:

Ammonium sulfate, (NH, ), SO, 349
Potassium chloride KCI 01g
Dipotassium hydrogen phosphate K, HPO, 05¢g
Magnesium sulfate, MgSO, .7H,0 05¢g
Calcium nitrate Ca (NO3 ), 0.01g¢
H,SO,.10N 1mL
Energy source:

Reagen-grade water 700 mL
Ferrous sulfate, FeSO, . 7TH,0, 14.74 % solution (W/v) ...... 300 mL

A & A 12w Ledie aedalal) 5 Apulad) =LY 5 A8 jhas (e IS aiic Hbe
OF iy o) pnd 5 A1 3 () o Al 5 ) ()5S e gl Al (e ali g
3,6 5302 pH o5

Ferrous sulfide agar (Gallionella ferruginea) suasll agy )< sl 7.1
Agar layer:

Ferrous sulfide, FeS (washed precipitate and liquid) 500 mL
Sodium sulfide, Na, S 15.6 ¢
Ferrous ammonium sulfate Fe (NH,4 ), (SO, ), 6H,0 78.4 g
Boiling reagent-grade water 1L
Agar (liquid) (30 g/L) 500 mL
Liquid overlay:

Ammonium chloride NH, ClI 19
Dipotassium hydrogen phosphateK, HPO, 059
Magnesium sulfate, MgSO, .7H, O 029
Calcium chloride , CaCl, 0.1g
Reagent-grade water ..........cccoiiiiiiiiiiii e 1 L

2ok A Fe(NH,), (SO4)2 e NayS (e dpsbuia 4y e ChuS Jelit Fe S pas
Adlaa g Lalad Be slas dala ) & palall Jslaall (e 8ty aul )l g5 Reagent-grade water
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Al day tra sle gal g s lall ¢ all ea g Ol e 4 il Yl Jue) Stoppered  oSab
(Bl e elay Algill 36 slan s lall AeSaa dala ) 8 FeS 055

b il 8 Alile Ay jms Aysieda 245 dic el %3 (FeS (e &y e p saa il
8aal LIDA 4 g0 ySI ST 6 eleLiquid overlay sl Jslaall jas Lag 26 ol
S AU I Jle ey ol 5 A5 15 — 10

%40  Jstae) (lla 58 Jla |5 4Ll zlisy Basic medium  daslal! Ll 8 Cadisy)
A Jle 100« sl FeS Jle 10 (ssiad das sl clat ol Ciyids clala 3 I (aalle 5o
Jlo I diom JsnS5050 % ,004 ¢ sh Jsadigns 2% 001 acal ALLL dkasil

1

Sulfate-reducing medium < Sl J) sl 4an 8,

Sodium lactate 35¢
Beef extract 1.0¢9
Peptone 209
Magnesium sulfate, MgSO,. 7H,0O 20 g
Sodium sulfate , Na, SO, 15¢g
Dipotassium hydrogen phosphate, K, HPO, 059
Ferrous ammonium sulfate , Fe(NH, ), (SO,), .6H,O 0.392 g
Calcium chloride, CaCl, 0.10 g
Sodium ascorbate 0.10 g
Reagent-grade water 1L

atiail) 3y 03 -/+ 7,5 08 of e pH
S 35 ¢ assall by Sl < Ferrous ammonium sulfate  sbagiul ge Ll juas
(Al g ¢ Lalad Aliae i) () €5 O Camy Jlarinsdl) alie g ¢ Lo g gDl gllae culd lal canlil
Ferrous  Jslse sas cJlaaiall asy 3y i) ) LgilaY dilal 4y (3 )50 (8 e
100/a) a1 ) aseasaall il Sl 5 (Jle 100/6)a 3,92) Jeaiie ammonium sulfate
44 )l s (Membrane filter 0.45 micron g s elde A Joladl ) by afie ¢ (Ul
.Basal medium 4wt &) (e Jle 10 /d stae IS e Jle |01 Coal daiae
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Gulll) Juadll

Iron Bacteria &all U i<

Sphaerotilus-Leptothrix . 1

a3 «Sphaerotilus-Leptothrix 4e seaa A et Al llidala el i< 1,1
Ay clind) aal s | gail) day o LK JISS ae i il g Cagdalil) Bagad Al
dac 2 BOD dilution water) Sphaerotilus L_sSy Partially selective Wi
French square 4= e Glals ) Al e 568 (Ll / aae 100 SUSY 4 93 s
slaa (3o Jla 25 Caual Al cjialy 4383 15 324l 60 kPa Jaxais ic aiad 5 hottles
e An 5230 lala § () ASLL) AL cliladl obie 0 Jla 10 ¢ 5 ¢ 1 sl (sl
de e doel Gl saill Baal 5 bl 5 sl 4 sie da 3 25 (M 22 die (pma Ao
Meat %,05 e ladaiill s BOD lactose broth 4w (s Jaa Lalaill 3y ,k (e 48
> gt hand Ll gie da )2 25 e delu 24 saal (il 2y extract agar
< Juil s Dissecting  microscope (220 58 5 )Sae B30 Ly 2xaia
Pellicle  3#, «Lie (5513 Casitone-glycerol-yeast autolysate broth
Casitone —glycerol-yeast ks diil ol 3 — 2 J2a alaufs e (450
¢ 3ad (5 3 (S A e Aa )3 25 die (paa (Slant Ablks ) e e autolysate agar
sadill ALl o Wl Wl el 38 Galiiie Ciliay La s A2 & 033

a5 ddapdll) LIS (e Al aalaal) Caviiatl mlaiy & g dadall g J3all 0, 2 L 1
Dstinall sbie o Jle 3 ol Aadae 4y ylay 5 Al 038 (e Jile sl jums sl 55
bl il Bl Ja¥) s e Dechlorinated iU Lia JI jall 5 daizall
ABL Akl 8 gaill e Aaill 5 Sl Aaadle a8 all 5l s Aa 0 die i s
Aad L3 st 3 ol A Sl LA
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Casitone-glycerol-yeast 4w 4 Sphaerotilus ic sexede) )3l s alhinday 3,1
.autolysate (CGY)

Sphaerotilus o= GUE O oSa Leptothrix (Sphaerotilus discophorous) . 4 . 1
8,448 Mn agar No. 1 Jasial | aiaiall @il sl 3ausT e 5,080 natans
MN agar No. 2 e Léluall g )3l Bask oo 53 Ly Leptothrix gliedaas

: Thiobacillus ferrooxidans . 2

ildlie 8 Al dipanl Gld oy KU B0uS 50 Ly S Ll ga GASI 138 G e a2 )1 e
3ausl (any Jsbiiadl (A MPN Adlaia¥) alac Y el duliall 2l 5 dpcadall aalidll
o L 058 Al 5 o o (S Y paaal) il gl 8 28l (15 el JOIA it sl

G5253,6 — 3 pH 13 e uadls 31 (Shuaalls Henaal) cildu b (6 o Jaiaal ()
A sall waall 58 53l 3 pH (8 ORAYL el (KD sai, jsmaall gl il /) 20
3l 8 (s O S Gl () sl G 8aly ) ol cdadle e Sl ge Jlexinlyg
s sn QS 138 (5 Laa g il LAl Canll e Al 45 jlie A pall duadall (3l 5l

: Gallionella ferruginea . 3

sl 55 (Blaa (e 5kt ol (sl Ferrous sulfide agar — Jesind i) 138 g )3
36 — 18 N zlisydaall s, a da e sailly Sliglls e (o giat il o Sl
(5 sinan sle 2 5 O paniuadl) Zila LR A sl (il g e slimy ol 5 S sl y Aol
JLEEY 5 3 saaall il Y upward diffusion el (I DL e le o) sl (S e
&) Ol sdll Adlal IR (e A3 A ) 30 e zeaiy Laa s SV iy 3ad Jiuf
.Ferrous sulfide agar

:Other iron bacteria s AY) Ll b 3, 4

(pH 3.5 = 5.0 ) A gasll Jaas e 3 palall g aaallsanS 5all Metallogenium &l e
Do il A Jleainly
(NH, ), SO, , 0.1% ,
CaCO03, 0.01%,
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MgSQ, , 0.02%,

K, HPO, , 0.001%,

Potassium acid phthalate, 0.4%,

and 250 mg/L ferrous iron from acidified
FeSO, .7 H, O,solution

Al 250 (35 (& Al 5e Jle 100 ) e 8 % . 4 ol

Ferric ammonium A Jazmiia) A pall 48 5 555 prigl) sl L i Alls b

(NH,4 ), SOy4, 0.5 g/L ; NaNOs, 0.5 g/L; K,;HPO, 0.5 g/l : (= S % citrate
MgSO, .7H,0,0.5 g/L; and ferrous ammonium citrate 10 g/L.

A /s ol s 15 Caual Ala A3l Jraly se 56,8 1 6,6 xie pH dasal

px 28l ol e 3 e sl ald ele Jle 10 ¢ Aan e 20 dali sl  5SG ali JiaS

a sl ZWY e e 4y da 025 e delu 72 — 48 324 (aa JroN OXide
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&l Juaadl

Sulfur Bacteria < Sl U <

Sulfate-reducing bacteria < xSl 4 35iall b g | 1

il Sl JI a0 4 Jeatind « Desulfovibrio Jie b pSUAD sl G il dpal (1, 1
.(Lewis, 1965) sulfate-reducing medium
Cpoan (A laall A0 gAY (gl alayY dadaall 2l Lilad WSl 5 iy (jaal
A Lial) ) e Jla 10 o ST anad) ld Cliaall Auilly 4 ghne ye Clans
I gl Ay ) k) Jal g 5 S 45 Membrane  Filter @5« sLie
sl oy s) Y pedan (8 g ety &I AT AN Uy iGN Chaal g3 130 da g oM Ut
Axsieda 25 — 20 i Gpaadll (e 21 — 4 JBA

A il G Sl ae 5 (Iverson, 1966 ) Al Auulie Ja¥l e dysiaadinallia 2 |1
(eSS Al Sl
Trypticase soy agar, 4% , agar 0.5%, 60% sodium lactate (0.4 % v/v);
hydrated magnesium sulfate, 0.2%. and ferrous ammonium sulfate,
Lol &850 Al (355 () a Y0 (g e 57,4 (N 7,2 2ic pH Lanzl0.2%,

A5l 4 gaall (3Ll sl (e Aol 4-1 IV Ll il a5y o e Alla
Aokl Y Jagind syl BllaY) ddae | e 4 gha )l (S5 pial g €L aadil aidl
slia ol BLLY) aia e Clial sy (e 4383 15 — 10 P& (abiaial kel

a5 il s ous b Guas i ol sel) Jasial 5 Ciina 5l ala ) pass
ia 2 e (pas (GasPak, BBL) 0aanSY (e (alaill aUai Jostin) JiaS 5 sl

() el ) da jall a5 (A5 30-28) i (R sie A o 24-21) 4 jall 5 ) s

A el G Sl dalall daall g @l jerinadl Jsa 2 sut) sl ) seda g saill

5 aall CB G O g pe ) e a g 21 (2 Cm iy s (A aa s La s il S

P72
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il U AT A G S e AR s J e g el dalie g jal clin elia L 3,1
(Lechevallier & Pramer, 1970; Marra & Williams, 1970, and Kreig &
Holt, 1986

Photosynthetic purple and green sulfur bacteria . 2

AL Clalial) 5 slaall dallas cililae & JSLEe i L | 5ol g danadte culisl&ll elli oY
5208 e L il Zadli 65 o Sy YA amy 3 Ui Leladi pl lade 5 el e 3kt
de send) (o Y g 50 (3kas i) S i = (mids il s s 50 Ak 5
(Pfennig, 1967 ) g all (e 43le J paall (S

:Thiobacillus spp. . 3

Thiobacillus thiopurus and Thiobacillus thiooxidans LS 2=l daulial) 4l
Apsiedn ;030 - 25 (o bl 5 — 4 badd Grmatill y Al (s Lgd oy (JlaiaY) aal) 45y ko,
A3 )8e s pH (8 pRliadl ae plall (8 a6l are O pS i Qi sl g

Thiobacillus s> s 28U o3l yal a3k <y Sl ¢ o<1 Shassll LEaY)

Filamentous sulfur-oxidizing bacteria <u xSl 5aussall daidld) U 541 | 4

Beggiatoa Ylayn.1.4
Gl gl e laall olia s Zadall slaall alai Jad g Ailall i) alana (8 Wlaaall aa) 453
O¥s.(Lackey et al., 1965) o suSY 5 sy 5 aal g5 vie ALl i)
il 438 45y ) aa 5338 Multicellular bacterium WA saae 1 i€ bl
o sAll bl oS g ySaall 2l JIA (g oy a iy Le Ae 8 4l LAY slac|
Al okl 2 ST g 05 Ke 100 (Y desi cla Lo 538 S () 685 Lag ) &l lilad)
SOs A5 ia) sl dadll el G el ey Jandd) B Lt (Say
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ol e S A5 2l sl Al B S i)y e 5 1 o (s
allall slaalls dalall

A Ay (ol ) aldtia 45 gl c@sl —Enrichment el (1.1 4
S e au 8 e (1A 50 Sl Al 1 e e cphall (0 Jal 5 slall (40
dadiie & S 5l "Tufts dmd Jead™ aal il uds s BV e ¢ sanl 3ad (uians
s Ubadll (wTangled filaments  4SiLiie da g (e ¢y <55 "Puff-balls”
2 55 &1 131 433 yill b pdll 5 g 51 Phase contrast microscope  adawl o
DLER) iy LAY Sy 5 DAl ¢ sl (panil) JaSiy cdaginal <) S
Ade Galdil) Jd aplil 4 s caaddl)

C Sy Kaa 5 )Saa aa ala o plall (380 dadle Jlexinls - [solation Jxdl . 2. 1. 4
Cuadil) Ay e Bl (e 4 el Jadl) Jail ¢ Dissecting microscope
z Awiee Basal medium Al Al e 6 ging ysia s 50 (ub )
Gub (A4 el Jeadl) Ja5 g aaliaall L yiSl1 )Y adlally 4 jall) Juasll
5 J8Y e diadd) Ju oy i paial Al dpula) ) ae a2s 5 5

-

Sl
SNsnsaal %16 ae Lol A8l Lo (5 ging Cila b ) Jeadl) Jl
Ay (e 838k (el Caatio ) Jead) Jail Glld any il 311 J glaadl &) Y Zada
MP sl MY

da 0 xie 3LLY) s (Strohl & Larkin, 1978, and Larkin, 1980 )
10 — 5 JS Dissecting microscope < sSu s Saas Jidl s Jil ol 4 jall 5 ) s
e G ladal I Ll 5 A la jadl o guall s Apdadll Glad) 25 5l cilelus
el sl A8 Jlaninly of daalia g dalina miili syl Jlaninly 40l

IVl gLl sl calial) aial Jla) e Julill Jadl) Ji aa 33, Toothpick
B A ) 4@l Ja spdld) Jail 5 G LS cilelu 10 -5 S

-Basal medium dswbut! disd)

Ammonium chloride,4% solution 5mL
K,HPO, , 1% solution 1 mL
MgSO, .7H,0, 1% solution 1mL
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CaS0, .2H,0 , saturated solution 20 mL
Trace elements (see below) 5 mL
Reagent-grade water 968 mL
:Trace elements 3,34l paliall
Reagent-grade water 920 mL
ZnS0O, .7H,0, 0.1 % solution 10 mL
Mn SO, .4 H,0. 0.02% solution 10 mL
CuS0O, .5H,0.0.00005% solution 10 mL
Boric acid, 0.1% solution 10 mL
Cobalt nitrate , 0.01% solution 10 mL
Sodium molybdate 2H,0, 0.01% solution 10 mL
EDTA solution 2% EDTA with 7% ferrous sulfate
with 1 mL conc. HCI/100 mL 20 mL
MP agar
Basal medium 1L
Sodium acetate 0.1g
Sodium sulfide solution (make up and separately
autoclave a 10% solution of Na, S.9H,0 3 mL
Agar 159
MY agar
Basal medium 1L
Sodium acetate 0.1g
Nutrient broth powder 0.1g
Yeast extract 01g
Sodium sulfide solution (see above) 3mL
Agar 159
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35388215 ge Y sadd G5V A sbe  JAYI ALY (3w 7,5 — 7 ow pH sl
BLbY) Cua J8 ) 68 2 g0 guall Ay € Jslae Ciual 450 da 1050 — 45 ) Pl alas i
aal) 38 Colicay Loy iy S (e Ja 6 oS8 <l il 8 Jeaias 2l CilS 1)

e <l e  Obligately myxotrophic Wis ¢l 55 suSa —~Thiothrix o« siss. 2.4
e Lpaibad e 5 i S e (5 ging A8ia (5 Al slia s Ahy 1S anliy
b e AL el al) Aadlae clasa (pe Adadial) slaall (e b g 535 yiia YL
el g yis el s el g 53 puall Yl o S e A8yl o ey Luailiad
Aalias el il o aad Glalilaia

Isolation of myxotrophic Thiothrix (S sfisd g bsusall J3e . 1.2.4
AT alas sl eolaall sal e ¢ saall (e Ay 1K & pad Jead weal -
G382 hailey b ud Ladill (jDissecting microscope < sSws Sae Jlanindy
Adine Basal medium Al dan ) a5 5kl L Sl A Y ) ecaphal
sl dae AL gl o Jpanll Aglad JiY) e il 05 ) <
A a3 MP or MY agar @bkl ddls ) ks Ja) Pasteur pipet Jleiul
doalay 530 31 4 gha N nd Galall JAY) I ailas (g Jail) (5 at Cuny (3aaY)
ind LY jidl dele 48 M sad J8 of dd jall s ) a da o e GLLY) pas
Dissecting microscope
) yarioeal) Jasil) ¢ Aafaa jliod AL Jlaatnly s Auad gad daid Ol jaatiia ) gelal
Jlaninls 4 saiall salall Jadad A5l i e 3a (el 1) 50 jdia Lelas) g & jaial)
) Sl peniunall Iashads aef g 3LRY) Al ¢ (uasidels 48 s 2 Loop
A ) 5ags

Isolation of heterotrophic 4 s kgl (S gl J3e . 2.2. 4
Thiothrix
Adgall (8 (S 5 gl Lo i ama g 58 55 e adiad (JlantinD Glidlise () Hla clla
S 5ol e A sl 5l LA o 8 jaall da gadl) S d o)l Hhall saal)
sl ae Pasteur pipet  Jwerinls JEIL (MSV G (A & all (0 22all
G aea Jal ) i) Jewsll 22y Dissecting microscope < sSu s S aladiuly
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ACS, Al clidl (e ST day e g 515 (Al 3= 1) MSV (0 b s 408
Sle Ll Jae (K 7,5 — 7,2 2ic pH Laal ¢ SS, GS, SUC, J, S, or LT
Dalaln 12 4l dbas ) pa

MSV:

(NH, ), SO, 0.5¢

K, HPO, 0.11g
KH, PO, 0.085¢
MgSO, .7H,0 0.1lg
CaCl, .2H,0 0.05¢g
FeCl, .H,O 0.002 g
EDTA 0.003 g
Vitamin mix 1mL
Reagent-grade water 1L
Vitamin mix:

Calcium pantothenate 0.01g¢
Niacin 0.01g
Biotin 0.0005 g
Cyanocobalamin 0.0005 g
Folic acid 0.0005 g
Pyridoxine 0.01g¢
p-aminobenzoic acid 0.01g
Cocarboxylase 0.01g
Inositol 0.01g
Thiamine 0.01g
Riboflavin 0.01g
Reagent-grade water 100 mL

32



WWM-gtz all dipall g obsall o ) geali s

Aall A o gy S0 puabindl 5 (3 1) — 1 ekl Blaal) Lo sl S

AcS:

Sodium acetate
Sodium sulfide 9H,0
MSV

SS:

Sucrose

Sodium sulfide, 9H,0
MSV

GS:

Glucose

Sodium sulfide 9 H, O
MSV

SUC:
Sodium succinate
MSV

l:
Glucose
MSV

S:
Sodium sulfide 9H,0
MSV

LT :
Sodium lactate

0.15g
0.187 g
1L

0.15¢
0.187 g
1L

0.15¢
0.187 g
1L

0.15g
1L

0.15g
1L

0159
1L

33



WWM-gtz asall dpall g slaal) o) gl Lalil) Ao ol 5 A pualindl g (3 hall — &l ) gali ) Blsal) Lin gl 509 S0

Sodium thiosulfate 059
MSV 1L

dde « MSV (2511 aid (38 pall 2kl Aiall 385 ¢33 5l 5 i Ja gl cuilS 1)
Lhlbal 303 Jue) @i 15 3.l il 530 e Sonicate  Amshirall (358 Cila gally
b e s gy Supernatant sl ¢ all (@lEa 5 — 2 32a Xg 1900 ie 5 Sl

SA Al Adaall i) (e ST gl s g el s Al 93 58
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WWM-gtz all i pall g olball s ) gl Lualil) L 5l g9 S pualindl g (3 bl — gl 1) el ) Blaall L ol g9 S50

aldl) Jadll

Pseudomonas aeruginosa st s ) (b g4 g
(4 sad) slsall)

ol ole A Lo 50d Pseudomonad AU ge s HIS) (o8 1) s 0 gl el 9 s
obaall) Clinll (e Al 5 Sl 53 (8 LAY (o 3 50l8 (e85 4 L yiSH (o (i se s

O sl S0 e ania (e Lgie piary (LA 5 Ao 5l ¢l e ¢l sall el cdpadaidl
AN Aadlaall il g e g (8 Alade da sy JAY) (andll Ly Denitrifiers 5 sl
Jdaaill s Reverse-0smosis  Sall zealiil) 4321 Jie Tertiary treatment devices
ar (8 el g s Caxa g 28l (50 SN 5 Je )l Dl e 35 Electrodialysis 2 xS
P. aeruginoas, P. cepacia, P. fluoresens, P. mallei, P. Jadis il sl jibias
malttophila, P. putida, and P. testosteroni

s Al Al ) Postutzeri, P. diminuta, and P. acidovarans 4Ll (Sag
Glllioda s Je /10 X 1 A 310 X 1 Ol o) i AGS, slonall oLyl 8 ciaa g
sl Ul 53 (e o Al s lidiall (g Liall agaal) e 85 ST Jiadl) Cua (g calils
Agaaall 48 gadl sluall 5 )

O Lelany coabiall L) Jadi dilide i de pun jantinsd o) Sle P, aeruginosa s, s
dulle Jii 05 P, aeruginosa serogroup 11, 9 dala s 4y 5V Cilia jadll alac
z ool Vs 8 alaa ¥l B aall 8 (bl e sanall a3 g Al g Jmall Apia yall YL

e a3 S pall sl jadl ¢35l (e Gaubaall o yall clad Alls 8 XS Trauma
Ulal s el eandl Jasii Cpmasbia) ol 530 (5 jall ciliba¥) oyl (e 2 Shall (e yriall
Aoaag) sluall

@ srall alaill Jlasivd o (e (%19 — 3 ) dracagl) 8N 8 Halil) (bl e ganad) aal i g
s3a ia Jilall 3 (58 cliy Jlea clia o jelayg celaal) i) & Chasy L)l
Gedaild e s g oaall Copeal) i Y 5 ol ad ALl LS (e de sanall

Ol 50 5 3 g g dxdine (9 5S0 Y AilE By ) JUaa¥) il g delicall cililing el clala)
olaall (1) s 53yl [l g0 s AS sl G puall Clise (50 %90 (2 1) s 50 )
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Gl il Jle /44310000 V1 o Lo sl Layy i 8 )y dpadall)
Azans gall olaall 3 ) da 5358 4) sl

outbreak i Al Calagi ) 5 45 slall sball jabiaa (31 53 5 0l (el 9 g o)
A all sliall Hacae GIS Al o3 8o 32V 4l Jhaaldilias Hla 8 Cifas sbuall (e 34 gia
Ol a5 OF 5 A sle dpnans olsa (g gy Ay ol Copeall (e G e Eigla
25039 ainall (8 aaa Laaa) 5 (Ol (V) iy (B ALl (s smad) (8 1) st 5
) AV il ga sand) alia) Blaall il olia (3 JL 250 IS A GIS T e JiG

( P. fluoresens, P. putida, P. multivorans, P. maltophilia, slell & Ul aa) i
and P. stutzeri)

b a5y dpmalall obaall L S (e el i 138 5 coliall (e 8 giall lpdiially ey Jasi 5 o
Aile i

0o dalle sl dude sl cuilS o) s Recreational water o il sbue ()8 Baw Lo o 3 53e
)5 (S 5S shitin Jia Ly S (e L i Lol e 3 5Dle (ul satanalls 45 sla 585 () (Sl
Jie Cliza yaall aa) 55 AilSal @llia SISy SLY) el (50l pa b g ) calall b jaiae

Y alSelld of e LBl saae cilbdlall 5155 555 )y s 5V 5 Samaill 5 S sl
(MTEC agar + urea substrate test) ¥ sS Ludi juda¥ Sla jitall sl JLEA13 ) g e Ay
ol Siiall sl &gl e ARSI dpa el VLMl Ualss ) ST 23 (S oS5 iV de gana g
danilly 25 ) (Kaddl (1 Pseudomonas aeruginosa 1) sis s sl (ul se sl JLIAY1
Ailial) il jall 48 Hla alaiuly ¢ 4 sal) obaall o Sakay shnal) slall e Gubaiy La g colsall
SIS MPN saseiad) culiVL Jia¥) a1l 45 )l f Membrane filtration
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o« e 5w

Membrane Filter Technique for Pseudomonas aeruginosa

a1 .1
M-PAagar.1.1.1

L-Lysine HCL ... 5 g
Sodium chloride ... 5 g
Yeast €XIract .....ovvvniiiiiiiiiiii e 2 g
XYIOSE oo 25 ¢
SUCTOSE ...t e 1.25 ¢
Lactose ...vvvieiiii e 1.25 ¢
Phenolred .......coooviiiii 0.08 g
Ferric ammonium citrate ...................cooevennn. 08 g
Sodium thiosulfate ...................coooii 6.8 g
AT o 15 g
Reagent grade water ...............coooiiiiiiiiiiiinn. 1 L

sely 453 60 S 55 () 2 S5 ple s, 1 /4 6,5 e Al pH sy
tana 176 Opputilis o alll/ 4000 4y gal) cilaliaal) caaly 2 +/- 7,1 2ie pH dan
g s hlall axy ane 150 2ebua 5l 5 ane 37 tad lin€iadli ¢ ane 8¢5 (ppasaliS
s da 08— 2 die Ay saadl) GLLY) 03 e 12 X 50 i bl 2 Jle 3 s
s any Alexinne uall Al (g alas

Modified M-PA agar.2.1.1
el SLSaD 5 Gassali€ ¢ gaire Gl S Led) Ciliaa (5 ala) ALl ) i
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:Milk agar (Brown and Scott Foster Modification).3.1.1

Mixture A:
Instant nonfat milk ... 100 g
Reagent-grade water ............coooiiiiiiiiiiii e 500 mL

Mixture B:

Nutrient broth ... 125 g
Sodium chloride .........coviiiii 25 ¢g
A AT e I5 g
Reagent-grade water ..........ccoviiiiiiiiiiii e 500 mL

& ) Aaine 48 yhay s 45 530 55 () e s 3 cplie 5 a8l e SIS Gue T Lalal) e SIS s
S b IS (AL 25 — 20 GluSi g 55 ulaalal)

Procedures Ggshall.4.1.1

Presumptive tests 4xaall < jlidy)  1.4.1.1
Clalaa dlla 3 JLe 500 sia sl dpagadal) olaall (e Al e J81 1 JLe 200 2
Gl (M-PA) &) (e Gab e elie IS i dairall ol il dpie] JOA dalud
Aelu 7280l 4y 5ieda 3 5 +/- 41,5 die (a5 kY
Flat 4 siue ae 2,2 — 8 0 bz 5l i La ylad 3G P, geruginosa < yeativa
4aad gaill Gl jarisal) 2 | 3 guse il ) b 3 ey Anal Gl sa I3 la jedas B
20l 15 — 10 €558 Janial (5 yanins 80 — 20 le 5 sinall el Juaiy)
Al

Confirmation tests 4sustill @ Lady) , 2.4, 1.1
Typical and ) dusd sai sl 5 daad paill ) janiveall 2SH Galll jlal 4y Jostind
(atypical

39



WWM-gtz asall dpall g slaal) o) gl Lalil) Ao ol 5 A pualindl g (3 hall — &l ) gali ) Blsal) Lin gl 509 S0

Gan s Glll el e Bala o A jrie s periiss o pus 4 (A 2 Jshay aad g ad Jac
La mit 5 S Ja3 P, geruginosa Aels 24 3ad 4 siada jo 1 +/- 35 die
adl A el oyl cild s i

e gl e Aol Jaus Allall o2 by Ligis ) gllae e saSlll jlasy

e 100/ el 1 s 5 50) Ll 5 g2l

Badaiall V) A%y jhay )3 gl g3 ) a9 gsan S, 2
Multiple-Tube Technique for Pseudomonas aeruginosa

il 1.2

Asparagine broth ¢l 3. 1.1.2

Asparagine, DL ... ... 3 g
Ko HP O, o 1 g
MOSOy4 ,7TH20 .o .05 ¢
Reagent-grade Water ...........ooviiiiiiiiii e I L

) 87,2 - 6:9 i al) pH sl

Acetamide broth bl 3.2.1.2

ACCtAMIAE ...t e 10 g
Sodium chloride ....... .o, 5 g
KH2 POy e 0.73 ¢
MOSOy , TH20 05 g

S/ Jle 45K pa Jla s, 1 8 Phenol red Jsudl seal ol ja 1,2 G
7,3 7,1 2ic pH Lzl Hle B Il jeal Jslae Jasin) 2alinnl) (3 5
aindl g
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b 1) oMel = 8 LS a3 30 pas 2 4+/- 7 0550 o p ok el pH
8 s Sy g S5 LV Y iy il / jalal s 15 el Slant dee
S Qe el b i) W) ol agiril) 2y i) 8 e

Procedures G@guhll.3.1.2

Presumptive test Al JA8a¥),1.3.1.2
Jle 1 sl 58 5l 3 jie Cpad w28 e Jle 10 Janid il Guadll jLia) sl
Al e Jle 10 alascind Al 8 38 5l ddelizae 20l (e Jle 105 4l (e JBi
Sfal umatl) e Aol 48 ¢ Aol 24 an 5he 37 — 35 e (i) uaa
o) paddisa pll | Adllaadd 2 s gall AL gla Linnidiy (3 8 il Cind anlsY)
e sall Sl HLid) Adle o Fluorescent 4xiw

Confirmed test sastll JLidy , 2.,3.1.2
S 35081 50 35l e e 1 i sianel a0 A sall ¥
Lu gl e Jda) (Slsasl 08l Jseds i) (8 Jilal) sl el mhass e
A e Jia 4 e 37 — 3545 2 e gpanil) (e delu 36 — 24 D ()
IO s 50 (sl se san 2l il dilaY)
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Coliform Cellular Stress (Injury)

ot -

4adda

388 JOA (e dald dpalall S Jiadll clilee A Gl Ge g oA AN LS ) )
AL 5 LY Abaal) (A S c RNA bl g g )l (aleal (8 Jlad oy 5¥) alial) 3
s« Single and double strand breakage in DNA LS s su ) (oS sunal) (aalal
2 (e sl Leakage of cytoplasmic constituents s S simall il S (8 oy
e ol sl Ll (ailiad s« Permeability 4l éulall cuS yi (8l el

Jé Cellular repair s slall z S < ol Al allai (K15 el Jid ) (5 5_pall
O g 8 jlmall o sl g8 L S5 a5 (e Sl g (5 AT 8 e IS 5 gl gas Al

o S Aadladl) e daulie pde (e CaBSH LAY olpall dallae Cillee 8 alaia Wl Jlasy
Uil 03gd ) sl oamy Auca el el gall 5 e dlSial UL 5 (6 iSall o glil) alal jals
8 L ey Casan ) ) V) e 4 gimall il sinaal) 028,227 (MU Sl (8 el
G558l A SYL Aallaall 5 ¢ ducaalad) sbuall e giadll AL alaalls & slall sbiall jaias

Cun (e sedaall (el daulio pasd A olaall dadlae & (5 AT il ga i Lay 5 5 Aaaudiy
Antagonistic Sl 5 ¢ palaill (e daxall ba glad «CT values ol ey 5l Sl
LiSall sda ld celld CoBIA 5 Anlle Sy A 5 5 9 ied) Ly iSall i) J3IA (e responses
Hypersensitive dsluall 4da jia =uaié Sublethal inactivation Ji8 e Lanfl i et
Selective i) Jal s aladinl (e Lk Secondary stresses 4 sili &l ) paY
Lag MY gl ueadil) g b Aaii€y | Jaral) 8 deadiodl de) 3l iy agents
la¥ls g e el cilelu 5 - 2 ) diay gaill Jiaie g8 time

2y ol sy Laboratory processing Jasall (8 diall Jidii e caiall (5 5381 1 V)
A3 Jale e CHlS Hlate dsa g (8 ol O ot Aiell aan alaia W) DA (e 4

UYL Ao 5K Jad Gl VALl aea 4ala ) 4 Dechlorinating agent . s
S dalai Al Gkl b ylacad) gaill el Jaill A 305l A8 () ang Al (18 el
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o a3 Y Al il Antagonistic dbiae Jed L 0 5Ss f Interfering JLasY!
Predominance of Ll Balaw (B guonall yuxill (i pai Janall 8 gDl
Bobaall sl gall L sl JLaadl) WUl caasti La 5 5 organisms

ZLY Aallaall il ghad ol 4 glas 5 Apnnda Jal gal (et olaall 2 Baa) giall Ly iS4l Of e
AlilE 0 5S5 ¢ Aaddiall il 38 Sl e (b SN i (Al S sall (e o e 5 ) sISIE ) ol
LSl (Al Al Gsall (93 e udall Gy e A jeall 1y 53S0 (e AL slacY

i yedll

Oe b sl aUas Jax sl ()8 cdadlaall cililas YA 3 laall 0 1 ) L S5 2 50
23k o sy el ) e D) Gl &) 4yl (585 Y a5 alad (e Sl (3lalial)
Loie 5 Caneall JNA slaall () s (3halia a ) si s #Ll) JSA dallaal) ili L& Gandl ey
o dSH G sl e sl s L ALe/S 1000 e As s el Ly S slac )y 3
Al Lar)y 015l L S

Lesy daig sl cligd) 8 dlaatindl) Selective agents i) Jalse of il Jas i
il 130 Y 3 lcall oy sl gl U i< e CadShl e Camacay s 5 5 s ) ) a8 L
ddsl del )y 8 Resuscitation Uil 3 sha Jleatind 5l el 4 — 2 4l uzaall 5 5
bl culd il Sl e 4 sl g Selective medium  daaaadiall a0l ) Jaill J8
.Deoxycholate <l S (S gumall Jin oadaid)

531 Jie el sl (8 (0 o158l L 3iSH e LaeS ST 8 Lellazia) alizall il alasindy
aliail ae 3 jlaall Ly K slac (e daddiie Clray 43 e (585 « M-ENdo agar s
A pladiul 3yl e s 2ol g olat) lia g (s AV L5 018 L S G Le 48 il Al
ol e 3 jlaall ASN (6l 68l L 5iSH GaBladul el m-T7

Lallda 2 i€l JaVall Aiia e ol juali N oo of (S INjury L) pwa¥) ol el e
Y il g 3 lian ) 0S5 Lary ol slie (o s sial) L S (e %90 (e ST (10 00 O
Ay a9 Lay 5 (McFeters et al., 1986, and McFeters, 1990 ) Wa s 5 aliiS) Ky
waat &6 Julb s False negative results ddia ye Al dagi Je Jpaadl )
3sa s JinY dpna ) pual gan LKLY dia i gy las a0yl sl dge

a5 o e dayll a3 a1 s 138 Aalleall Jal e A J3VAl JIA3 N oo 8 ol Cilia yas
CAnlie ) 5148 el pedaill Adae 53 jlaall L iS4l

(McFeters, 1990, 3 laall (s g8l Ly S aall (g el ey pdi i lag
LeChevallier et al., 1985, Singh & McFeters, 1986, and Singh, et al., 1986).
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Injury Jl a3 o) 8l L 5 (e dpnlan J8l A yall 4 ganal) L iSGl1 o jedas Ll o34
5 el iyl (8 Il 5 chadlaall AL ARl 5 oluall 3 i dgiliia i gyl Cun

zeand Gl 3okl ey e el Lee Dy axy 4355 Virulence 4wl pall 3 6oy Jagiag
ZUELY) 13 sl \)Lw\z)m_}um;siﬁﬁésmjw b oysd gdll G 3 ae g Aty

Cysts  hlay s (5585 il g slaall e 50 siall Clia yaall 5 il g pail) o AaaDlally ST o
Al Ja gl 4y 5 VAN e Aaglie ST (5 AV o

Sample Handling and Collection 4iall Jshig aen

G e (5 5l Jara Jas 5l )l Lgde iy Layy i) e (8 483 5l aii Jalaall (any
Llaia Yl ¢ dl gl saal cp jadll Jedis 138 (McFeters, 1990 and McFeters et al., 1982)
o pmanil) 3 Asilal) cilipally IS dpanil) Ay 8 Leiia Ji 4880 30 (o ST Adiaal) Ailly
Al G il 6358 yall Al s A3l Lald ade crasaa il 0l (S 5 diliall 3] sl
& JAIAE Loag) WA e gAY L S o & yall 2=l Tempered dahle pall g ALl
.(LeChevallier & McFeters, 1985 ) | yal cansi ol YAl (e sl
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Recovery Enhancement

roe SUH iy KL dallaal) il dusailly

«(QC/QA 38 aal ) Al dala ) (& HSI A ) Jale (e AdlS S 05a 5 @

Al e ol Aall AALEN jualiall Glgl e didle i3S Jiaalsiaa o
(QC/QA 35 aal ) Chelating agent

(QC/IQA 5 Sx gl ) (e dil (jay (e 2n @

Osindl ela (e aliia Jslae arainl ALEN Caleall i gl 0 ga s (8 diall Caidinic @
Buffered water skl Ll alasiul (0 2s s Buffered peptone water

A3y 30 DA Al (sl 2l Jao 2ny @
Ui 4 Stressed or injured organisms  ida sucaall i 5 jlcadll LKl ile)
Alasgias ) jada jraie A e (Enriched  cads Ay A Gl
Ol collana Ao (85 laall Ly Sl aal g5 aSUl dagy LSRN 3l 58 axe (g a2 e g
Olae 5l il sedadd) Jia s yuias ol sa o (5 gind Leil g yra olaa (853 52 sall Ly S
Multiple  saeiall jpedill il jlas) il o S5 laadie 5l Ll Leila AL
058 s Membrane filter zad il dpiei 35 oedile tube fermentation test
Sl Jlaial) @llia 5S4l el Gl b Sl pdll) adiad o) e dadle ollia
3 jaall Ly 3K g S 8 400l 5kl e ST 6l sas) s Jasiad 5 Injury
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5 bdaal) L S ¢ cadsl) 3k

:Metabolically injured W A5 Jiall do 5l A cpa 8 jliaall b ) 1
e Aol 3 Aaalill dlae W) o BLAl JYA e dea g & Hlas Sy
S day e jelai il dacy) el media Minimal
(Moss & Speck, 1966; and Straka & Stokes, 1959 .Complete media

i Al 4] aladiady A4S ¢ 6l B L S (aMAdM) 2
Recovery of Injured Total Coliform Bacteria Using Membrane
Filtration
m-T7agar.1.2
ol LS Al S 5 W S0 bl e il 2022 48y Jla e M-T7 Al o235

Proteose peptone NO. 3 ..o 5 ¢
Yeast €XIract .....ovvniiiee i 3 g
7 107 {0 1] 20 g.
Tergitol 7 .o 0.4 ml
Polyoxyethylene ether W1 ..., 5 ¢
Bromothymol blue ... 0.1g.
Bromocresol purple ... 0.1g.
N . | 15 g
Reagent grade water ..............coviiiiiiiiiii i I L

dn 50121 die agiedll 2y 4 S M gea ey 50,1 Janins 7,4 pH () Jasial

0553 Ladie Jla /  Galeny ol a5 Sae T Coal daiane 48y play 430 15 5aal 4 5
Aysieda 245 s )y 8 40

35 e (pan s M-T7 A o o liall aia el jill oLie DA (e Al i i 22
Ve Verify e Gind sl jia 055 ¢ sl sall L i &l paxiuse Al 24- 22 33l 4, i
a5 .(Module 3) L S5 G@ilad) 43, Hally () sl Ly iS5 Ol jerioss (30 %10 oo iy
A Y L S e sedat N AA g o) jiiall ol periisall (a Le )l
Ol b S
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Addition of sodium sulfite assall culy S ddlal, 2, 2
oSl e uns O 0801 (% 0,1 — 0,05 ) Al (iany ) o 533 saall iy 5o il
(Waters et al., 1989) LSl Ludd s Caal ) 5ISI (a2l g ()51 580 L 535 e

e Al Al aladieds B jludaall 430 al) ol B Ly 58 adldiad | 3
Recovery of Injured Fecal Coliform Bacteria Using Membranr Filtration

Enrichment-temperature acceleration 3 adl-uadill Juasdll 1,3
Nonselective daaiic jne Ay e dih lgle M-FC Y oo gl Jeaind
4535 e opiels Guasill ae Tryptic soy agar  Jie HsSsla e s 5iai Y
»axi (Rose et al., 1975) 4clw22 saaldy5e 445 e il de g

Vi dacadia juall Al e Wlal) A8kl il ¥ K1 M-FC i 4k Ly 3LlaY)
SY) e deluy Jlaaiu) U8

O5SY A J sl (3 e 4an 8 Pre-enrichment  Gawall canadll Jaxind J1aS
445 Je M-FC 4w e fpasilly de gia Glebu 4 30l 4 g3 35 die (puaaill
(Lin, 1976) delu 22 524l &, 5i

e 15 easiaadidljiaadie pall Al g gkl juas ¢ AT Js
mdels g b saal 4350 35 o puaaill de giie (4530 26-22 ) 4821 5)) ja da 0
(Stuartetal., 1977 ) 4clu 18321445 Je

Temperature acclimation ( Green et al., 1977) sl alBlal), 2, 3
Elevated temperature procedure 4xii yall 3 ) jall 48 Jlal julai o4 48 Hhall oa
Alelu 5 33 M-FC 44w e ¢ )l 3l Preincubation  Gawall acasill JMA (0
Jorial delu] -4 18 s2di5iedd5 o Gumaillde siie cdysie 35 Lo
A3yl ) 5S5 ST Y13 il my Luila g 51 pall @ o Cumy Ana e dilias
kil Lulie 0S5 5 lee
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Deletion of suppressive agent (Presswood & 4hadiall alall cids , 3, 3
Strong, 1977)
e g ) all Guaanill s M-FC - 44 ¢« Rosolic acid  €lls sl (adla ads
£ )5 0585 A1l O Al L S O jasise Aelu 24 3aal 4y 500 da 0 2 -/+ 44,5
i s L ¢l il s cdala Sl e SI il pantoaall G (35 Alaaal) i) e
A1 o8 L S i Y (A5 AN LA e

Alternative medium-temperature acclimation ¢ alilidly, 46y 4, 3
44,5 Je fpasillde siedygia 37 e Glelu 8 panill aa m-T7 Aoy padil
.(LeChevallier et al., 1984) 4clu 12 524l

B jludaall 431 ) oot 81 Ly 58 (e (383 5. 3

Verification of stressed fecal coliform bacteria
OsV 8l L yiSs Ol e (33 i 5 Selectivity ol e JI La 3kl s il Jans
%10 oo Ji Yl e (3883 ¢ Aama Ay Hha of Calaatiad 136 D e g 4550 )
Luryl tryptose broth dJiss! 5 Jesinl Adlise Cliie (e old ) 31 &l jerinidl)
EC  Gedin ) bllaaidie il e Jaill aedelu 48 2aal 43510 35 2ic
Ol Al LS a3 S5 445 die Jall 20 delu 24 33 445 aie sl
Al

e i) e ) aladialy 3 jldaall 4y il dpad) b Sl adASA | 4
Recovery of Stressed Fecal Streptococci Using Membrane Filtration

el il <l LBl (e padaiul i Bile broth  sl_sall (3 e 4in Jleaialy
i il dse Y Gawd) pacasill (Lin, 1974 )Multiple tube fermentation  saxsial
m-enterococcus iw e & )b e e 4510 da j2 35 e e lu saa] cunadi 2y e
Aasie 35 4a ) e delu 2 -/+ 48 34 ggar

Clise e @l yariveall e G e 9610 e a5 jbimall 2 31all duasdl U S (e (gial
(Module 3) &Sl @l jLiay) Jlesiul daliag
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Reference on Recovery of Injured cells:

McFeters, G.A. & Camper, A.K. 1983. Enumeration of coliform bacteria
exposed to chlorine. In: A.l. Laskin, ed. Advances in Applied
Microbiology. Vol. 29. p. 177.

Domek, M.J., LeChevallier, M.W., Camerson, S.C. & McFeters, G.A. 1984.
Evidence for the role of metals in the injury process of coliforms in
drinking watere. Appl. Environ. Microbiol. 48: 289.

LeChevallier, M\W. & McFeters, G.A. 1985. Interactions between
heterotrophic plate count bacteria and coliform organisms. Appl. Environ.
Microbiol. 49:1338.

LeChevallier, M\W., Camerson, S.C. & McFeters, G.A. 1983. New medium
for the improved recovery of coliform bacteria from drinking water. Appl.
Environ. Microbiol. 45: 484.

Waters, S.K., Pyle, B.H., LeChevallier, M\W. & McFeters, G.A. 1989.
Enumeration of E. cloacae after chlorine exposure. Appl. Environ.
Microbiol. 55: 3226.

Rose, R.E., Geldreich, E.E. & Litsky, W. 1975. Improved membrane filter
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References on Method of Injured Bacteria Detection
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Craldl) Jaadl)

Ayl S (3
Rapid Detection Methods

< ”

dadia

Jlaxiaal 5 Ly pos obiall Ao o 9 Sl Ao 5ill 50285 s Al (3 )kl ) dauial 5 dals cllia
Al s il sl doe g i SIS g AN calalaa) Jalas Jady Lay )y Ay ) (3l
aosibsha 8 S daleal lee #ladare Jadi G5 45Ul VA JDA 5 Al
Al o) aill Ao dala @ln G 6 45K e il olpall jaian ol g) i colyall
N

Dl LA A lse Lpalin (5 giune 135 A Ll (5585 O ny Qg ) (3 yhalld cllia g
(5 58 Loy Arg paall (9 all dpbis (8 el o g Liig ) aodiud (Al 5 dpulall

S Lall 3 gaal (pe B (5S35 Ly L S8y Al 4,000 3508 (Y Compromised

ot iand JaZs ) Gl (e 55 8 i gyl LAY 5 g el CRSH gl S0
Aald 3 sa 58 el N zUss 3l &lli s Conventional procedures 4l 5kl

Seven- Hour Fecal Coliform Test 4l &5l il L syl clebu aaud) LSS, 1
4glia & (Van Donsel et al., 1969 & Reasoner et al., 1979) 44 )kl o3
b i elae Y (pdlide cpaan ) m s A Jlawind pon S5 el ) dasie | 43 5L
Aol O 8 L S Al A5 Hlall dgiliie (4 il el 7

dagll 1.1
L jpand a3l W3 jala 5 ) sea e dalie 0S5 Y Loy 4ndl o M-7 h FC agar
(s s el sSe (g
Proteose peptone No. 3 or polypeptone ........................ 5 g
Yeast eXtract ...oooueiiii i 3g
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LaCtOSE ottt e 10 g.
d-Mannitol .........cooiiiiii e 5 g
Sodium chloride ..........cooiiiiiii 7.5 g.
Sodium lauryl sulfate ... 0.2 g.
Sodium desoxycholate .............coooiiiiiiii 0.1 g.
Bromocresol purple ........ccoooiiiiiiiii 0.35 g.
Phenolred ..o 0.3 g.
N 15 g¢.
Reagent-grade water ...........coviiiiiiiiiii e 1 L

M- 4 o 5 sing (ub o (o jilill ja g (LIS el e JOA Adadl (e i a2
43300 ¢ sh il L S il parionn | el 7 830l & sia ka0 41,5 e uma s 7 h FC agar
(OSSN S pedi e Ju 135 ) ieal sl el

References on 7 hr Test:

Van Donsel, D.J., Twedt, R.M. & Geldreich, E.E. 1969. Optimum
temperature for quantitation of fecal coliforms in seven hour on membrane
filter. Bacteriol. Proc. Abs. No. G46, p.25.

Reasoner, D.J., Blannon, J.C. & Geldreich, E.E. 1979. Rapid seven hour
coliform test. Appl. Environ. Microbiol. 38: 229.

Special Techniques 4ald Gk, 2

osba) AdIS da Hally i Gl Lgalina Ay pud) Aalal) (3 kel adle U Jsaal) A cllia
Monitoring 48l _all Clilae 8 42l ) o6 Lay ) Fsanadio e Ll sl il olae e 5
iale diay s il g Gl Reagents  Ji¥a )z Uas LT g dundall oluall o ALl clalall
Ghll e Lad s Jalaall alana el o ge alin e (pmat olai gl (ald Jhai ) s
Jl S Jartid Lay ) 5 A 5 )l el ulia g8 L 2a 9 28 cCholorimetric test 4 s
¢ Jaaliill e Jsaall 85 ) 3l 5 48y hall (e aad yall () Jaritasall iy o) oy s A
il s (55 (e siaa¥) A8 e oa \gale (381 sall 3kl 5 A8 5l 3 gan 5 e Jlaninl) oy
Al ot 58l b S el Radiometric A& e s ¢ SN aaall jpaal Sl Lsay) CGATP
il () s S L aaaig Al
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XY

Cen0 500 0 {
|moedunce s i
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LOlontmetn (002 A
s o I
olrc

CCAt Contomms f
fioedl colifom Ridiomelr
Crlutamate decarboxy) 100+
|13 H‘vk”““,
Electiocherr |-7 g ‘
H-."‘W " i A
ur.‘L 4" :
: 0 |’ 0100 (Y
Vil LIOMAlograpmie assay 9.1} y |
_ |l s8() 1
[‘"!“wﬂ:‘.‘:‘l.’l KX :
i | 130000 )
otenliomelrc 3518 00 .
14.18 O.F <100 000 )i
Gram-negaive bactery Ll

LTINS 4580V

O Aallite Cliggas (0 ATP padlaial JA (50 ATP - 38 55 L il 38 55 g e oy
oo il s adall 508l 2T A Guld 35k e Aadiall 3kl ity 5 ol S Sles
) Jlasinly s A g ) e Gl 5 gmula Cline (A 251 all 05181 L i e (mn 38
LSl laal ae 6y yla Jie Apalie 38yl Jlextinly BleaV) L S0 A5 085 ey o 3y 5
plasiuly Lggle Jeaniall il w5 )l 51 SN G 51 g8l L Ko o 45 535 il
Gaalal) day yudl 5Ll
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(Al iy g sSaall S daadl pa80) Gulewise gl g JLEA) 1, 2

Bioluminescence Test (Total Viable Microbial Measurement)
Jeldll e adiay Lall WY 3 ATP sl Firefly luciferase test  lsal
ATP s cp i) i gl o 31 adde Jany 53l G pann sal ¢ 3 ans sal s 3 (il
ATP %S & Correlate Loy 5 LS Al Ky g Jelal) PIA ¢ gl 2y
LS ATP e delaill o se JS 0585 Ladie 5 L 5SA (e (e 220 (e daliiid)
a8 ATP 4Ll Limiting factor Al Jalall 4 S5 ATP W 330 )
Celu e ST @RI Y el ATP 5SS ks o peall (e s iy Jelddl
S5 M Aaalallonasny ATP o€l 4 colaall (8 45 ySaall Cilaainnall 480 jal
Jle/aala %10 58 A5 ATP ool Aol (e (5 sinn S8 Guiaid Ll (g Ly 34
sthall Ll (5 gie Jani A8 jlall Gl s il dpdie] e il ] i S5 die

Sledy) (bl aagl) | 2, 2
Radiometric Detection (Fecal Coliforms)

@kl MC Jlerind 00 MCO, el G5 SU sl G GBllay ¢ JLERY) 18 B
Al 168l b S5 e 20- 2 o W Presumptive detection (e iy seans
Sy HC-mannitol axie Jsiile (M-FC - (30 ety JLia¥) dclu 45 &
L5445 vie delull Caai (el de srie 4) 510 35 die Aol 24 ¢uanis )l a
die Gudaadll 4l e aediall SISO Giliay 5 4 ) ) (s g8l Ly Sl dally @l
Be sle Al a5 5 Al (e SLSD 38 il e il Al ) Jarisi g 45530 44,5

b G ol AY (aaill aaas MCO (e il wSaa sle 5 & M-FC broth
Liquid 48k o0 S pelad¥) LLaall a5 Ba(OH), asebll 2S5 ol dasiia
.scintillation spectrometry
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Enzyme Substrate Coliform Test Qslsdll Ll a3V L8N | 3

O sl L S il 33l e (sl el ST Sl Jlaill 8 3ale aadiis oy 33Y) LEAY)

IS Ll 205 A0 () o) 8l e sana (8 ey 5391 A8 Hhal) Jlaniaal die (5 S Ly ) 5 A0S0
4 glall 3alall Sy (5l «B-D-galactosidase s siSYLs -Gla- Ui oy 530 Lgaad (A1 L <Gl
.Chromogen 4 slll salall Juatil M 5295 <Cleaves the chromogenic substrate
Uiy 530 Lggal y 401K (b 58l L il Alavinad e ) L S Ll e aans (6 S Ly il
Fluorogen g2 55 sale Jaadii g 43 glall 3alall Sy (53l 5 « B-glucuronidase s Sals
Muti- saaidl jasll ¢ Multiple-tube  3aasiall (a1 5 ) sea 3 HUEAY) Jlexiasl (Say g
(L 100 52a) 5 i) Presence-absence <iuadl-aal sl i cwell

Glaalal . 1.3

sl el sy L 1.1.3
~lly Uy - Jaid g 3 - 6550 Jie Chromogenic substrates  <asall 3l g 3 gall
s Ortho-nitrophenyl-B-D- galactopyranoside (ONPG) s sl s siS¥a
Chloro- phenol red-B-D- s silmsiS¥la G- Un— &) Jsid 5 )5lS

galactpyranoside
B-D-galactosidase D SISV Ul U g 1) (e S claatind (CPRG)
B-D- s SISV LUl g 330 A (ol gl Ly S5 Al g el (531

(Olll B ki i Substrate Leale daxy Al salall Lile Jlsy galactosidase
28 5/ (ONPG)4clu 24 2 N 55 il b 5iSilia g JLEAY) ol e Ju 3l
ol Jie 0 g8 L S @i Y AV L ) (s AT 3,k 5% (CPRG ) 4l
B_ia CleS #0% Loy ) (Pseudomonas  wsbise s s Aeromonas o<l sa s )
8 Y sale g i (K5 «B-D-galactosidase  saww siSY-UI Uy an 530 (e
Sl panioal) (psSi5an 5410 e ST a5 131 YD Cpaail (e OO s se Al
.Jk/CFU
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Escherichia coli ¥sSbdipdy . 2.1.3
Sl U By pialuel - Jie-4 Jie Fluorogenic a3V Lele Jary 33l Jaatind
alaadlal «4-methyl-umbelliferyl-B-D- glucuronide (MUG) 2 sSsla
13 | Y S Ly jud) 4aii A 5 «B-glucuronidase i S sla-Ui a 33l 25 5
LY a5a 5 B Fluorescent ga i sale iy s MUG Aexiivual) salall dlay a 33Y)
L ¥ Alaa¥) e Ja e 5l 18 3 9a 5 (365 M) 4 sall Al sk iy (3 58l
hxd JLia M dala) s AY) (o8 el Ly Sl (e YL Gany (Y S
O ¢ iU Auia ye (5 A 8 Dbl (Y 5 L Apaudiy (5 gl AV Cant o il
Laall Al e Jylaaga g of sl obaal) 5l (a5 shall e Ju AV oy
Y SS Ll CA (AT L i Alag) HLEaY) e 35 Y elld e g ol

Applications <\l 2, 3

sy ol ) sl Glne Jidadl 4y a1 81 L S e 33V syl

O o (a3 () g A8 Hhal) o3 Jleatinal Jalad Al Jalaall s sl olual Ll

O 51 L S Al ol L) aaly(Eaas gall DAY Jadi JigeS @l L) i )

A OsSo1aa isy Hlall 45 jlie pasil y Jlain oLl (e dipma dpe i) HLAAY) Allad o]

sl jalias Lol ie ald duaal

ad sla Aila lia IS 1) ¢y 5t Layy (5 AT ) a5l e o e 4 il slall e

any b Jadd ole Ae (o 5ia3 Control  Aues e Ao Y Al Aaildl il (8

O o ¥ 138 (ST 5 G 55 G () i 3 jall o sandlSH Sl coliall Cilye 53

delddl e Sis

Apae OB L S e e asl Substrate aY) Lle dex 3ale Jexiasi Y
Membrane g il 4pdel (e il seriva 5l Presumptive coliform culture
O Aalladl e jally Sl Lay ) ma 3391 Lede Jany 3 33l Y cfilter colonies

B-  amiall i gV U U o 53 i (5 ¢ sl 8l b il dagl jad) Ly 5iS3l)
.False positive results 48 dulay) =il axd g D- galactosidase
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Enzyme Substrate Test (a3 JLdy)

Substrate Media 4. 1.2.3
Colilert and Colilert 18 for multi-tube, PLA and ) Ltai 3 i sia a5l
tray formats, Colilert MW for multi-tube format, and Colisure for
multi-tube and P/A formats, available from IDEXX Laboratories, Inc.,

Westbrook, ME.).

u¥1di,k  Disposable  Aalall aie Jlexindl s als canlil 5 ) pa o
dg b Al 4 Multi-wells( Quanti-Tray) samia a3 ) ga Ay ¢ saail)
bl /an) i) 48y lal il (pe Jle 100 5583 Cogas Al B o L8 caamiall sl
Bala Al ()38 5 pdlall Gualil) a5Y sl w5391 Lele Jany (Al 8ol (yim jas ial
Leish it A Al (e palas | dmdlall iy 5 pLail J Lglantil 5 g 5l

Procedure 48kl 2,.2.3

Multiple-tube procedure samiall quli¥) 43y b 1.2 . 2.3

oY) LAY Al e g5 Ga A5 Aie S uli¥) (e caliall 20l A
Calil Aadiiall laidtl et phcadl cilales o) Lede S g 3asaidl)

58y Lalil 5 calSals Lehae edy il JS Al (o e 10 ol daina 38y yhay claS Sl
O (I Jsais ¥ (8 ONPG s (8 sl e (A Jaslaall il
s ¢ HLAAY) DA Ad yee & lay Gl jall ey CPRG Al sl
ias sy Baal 4y e da jd B /4 35 die (s LAY 3. WS e S5 Y (g
Substrate m ¥ lgle Sin Sl saal)

Leale: Jamy (Al salal) Ly (3 A5l (g Apailio ClaeS Ailialy L) 48y 5hall o) jal (S
lola (s ¢ e il 3 e 5l el (B lema 58 o 50 Lehal s Aiall (I oy 35
Baawiall (Y A5yl
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Multi-well procedure 3samiall jJial 483k, 2.2.2.3

Sterilized disposable  Acize 3 jala Slusl aladiuly (ol 3okl aall 44, )l
Gady 8 a3 Lale i il ol ae JLe 100 £l N Al Cazal  baskets
Cpan al&abissuall Blass Wells sl daiall g 558> Tray dsisall 8 cuaj
) e Jany () 3alal) piiae Ao g 2385 336 & gie A j3 5 -/4 35 i

Presence/absence procedure <tali/agilldgh, 3,2,2.,3
Sy dala ) (B Abal) (e Jle 100 S Ly (sibaad) Al Caal daina A8y yhay
& Al e L 100 <aal oLy jlas) Nonfluorescent g sii Y 4lad (idiza
Lla) g e dadas 38y jlay aiiaall el (e pdaa sle g (A a3V Lgdde Jary ) 3L
aall Gl )Y Wb a3 ady

Interpretation _swdill 4

Total coliform bacteria 4:ish o glsdl LSy, 1. 4
Bk g oyl (o2 anliall aill e gV ol anlsY) i) ¢ Aaulia (pumat s 53 Bl ey
23k Jak CPRG sl 08l (andd L Sl 356 Jlay ONPG ) J gl
el Al 0 il Jala) oy i) J3A Guilite 0l 0S5 a1 1) jead o) aaad U i)
A )liey praly (priaall Gy U il 4als iu) b shall s siaall ol 13
13 A0 ¢ 8l L Sl Al (585 ligal) hemall (e Aalia 43 5l8e ol sl i) o !
CPRG  Jlariul dic 6] jium 4y i) il 1)) 5] ONPG <l JLia) a1 Jaadl o]
(ONPG  Jlia¥ dwailhielu 24 5118 2es Jsbad Jae 45l AlainV] il 1)
DAY Al dele 28 e Al ety cul€ 1) dileal el 4 saal (s
A sa (oS3 Al U8 (RS (p ol IS1Y) Adlial Ael 20 324l (as CPRG
Al (585 diaal) S8 (S ol 1) Lal IS (51 5801 L i)
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Color Changes for Various Media

Substrate Total Coliform + E.coli + Negative result
ONPG-MUG Yellow Blue fluorescence Colorless
CPRG_MUG Red or magneta Blue fluorescence Yellow

Escherichia coli ¢¥sS Wil 2 4
dxil Ladd Jleainls Fluorescense g sill 4K ¢ 51 g8l L Sl daa gall CandY) sl
Jua sl agay 56 s sSE O daiai s 365 MM 4x sall 3L sk dpandiy (3 8
il e o i Jaa g gl S Y S Lk B alag) Y o e
CPRG < LaY delu 20 5a s ONPG <l JLiaY dlial clelu 4 5ad (piaa
A e dy Semasiasags

Reporting » A . 5

O35l Ly Sl Wlaial SV aaell Cosnd (MPN- Ylaia) SISV a2l 45y 5l <y jal 1)
¢ badl/an) gil) 48 Hla Cuaxdil 135 dus sall ) 230 e (Y S Ly yadyl 5 KN
G Adle ol ol i Y oS Lt ) 5 SN 51 g8 L s 5 ) e o (S iliil) ld
Auall e Jl 100

Quality Control 335l & asaill 6

LY S Ll ) i ye L S S (sl LeielaSl ol jidall 40l (e a o) JS s
LS i Y L S ¢ SIS iS5 500 Dl (6 5S Loyl CDIA A0S (A Ly 53,
a5l by e 5 dgma jall olpall Cilae ) 131 Lpma ye daina slye Ciial Liay) 5 ) 51 il
dery Al 3alall (e 3 Batch  Jeatid 5 Jaal sl sl L iS00 Apnilly Aaly Aplsy)
Gleainl 13 Heavy inoculum  «aiS (i Jleain) caind Substrate a3 e
i b ¥ s sl dndd el L Sl JAS Pseudomonas
4swda 0 5 -/+ 35 xie Controls Clea el (s Nonfluoresent species
) Jag 181
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ailll) Juadl)

LA Halal) IS sl
Direct Total Microbial Count

dadia | 1

2 e leale Jeaniall alac Y1 (3 st sale AW culalaall ff sluall & jaleddl Lyl LA ae
o A ol ddlaiall ) glal) e ndiall Uadll a5 i 5 Bl A 5 5 5 il b i)
el Jara 8 edadl s Clumbing LAY xass ¢ gaill 430 Selectivity sy

Epifluorescence Microscopic Method . 2

dale ddBUa, 1.2
Y A Ay (428230 — 20 ) Ao MU 20ell jilie oo aati 43 hall 028
5 sl (33 Jaal Ll il Gulad e L 50 WD (48 il o
3_Sll 3R Microbial biomass A s Sl ALK sl Lellaninl ¢Say Y
LA G Le 48 il adatiuny 630 3l 5 a2 liss A8 Hhal) A aas
JSEN Gl e ol 555 A 5 pSadl)
=5 3l Fluorochrome &y goall ¢cp jaall Al Gl (0 44 Hlall (K 5
«Nonfluorescing polycarbonate membrane <lign S Jdgelie Je il
. Epifluorescence microscopic adawl g a2l

Apparatus 3¢a¥.2.2
Microscope wsSwgSwa . 1.2.2
S5 8 et 100 X Ay ) duae (s sia Jing ol ) daadiy (3580 483 jaas
JY e 1000 X 4
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Counting graticule »ldde  2.2.2
z = 4a e ocular lens micrometer 4w s S dpie duae
Calibrated with stage micrometer _ses Sw

KP 400 and ) Excitation filters 3,158 Jadis Filters <lade.3.2.2
Barrier sls jili; Beam splitter( LP 510) 4l jhli ¢ (LP 455
(LP 520 using mercury lamp, HBO 50).  filter

Blender or vortex mixer o«Sijsh jga sibdA 4,2, 2

a0 25 ki i 5 dpdely Jlaiadl Luulia Filtration unit gedyisesg, 5.2, 2

@025 ki clis S Jsdl g 5 e Membrane filters geésidadei . 6.2 .2
i e sl Nonfluorescent g sie e (58) 05 S 2 ol lad
24 33l [ X (mals 92 e illl/ 6l a2 2 ] Irgalan black (4 sLial)
5 sl Hhd caa 25 ka5 ) sl salus ¢ (Lol g g elall (a5 ¢ Aol
REEPS2

¥y 0S8, 2 Sl lgle (S g Lelleatinl dlay ¥ e 3 Syringes <l , 7.2, 2
Ll Lealadiin) slay

e 125X 13 L5 5D elniy dals 3 Test tubes L) uwlil 8,2, 2
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Reagents <lLasl g Jaan | 3

sla 4 KH,PO, s 13,6 <3 Phosphate buffer abiie ciliwgd Jolasa, 1.3
09 S 2 e yielie A iy ¢ pH 7 2 Lapal | i) I cais

ahie i g8 Jolaa (A aaal igla (aan/005) % 5 Fixative e, 2.3

Jslae 8 5 o S) (00 /ana ) % ,1 FDluorochrome  asuSusté, 3.3
plaie e b

Immersion oil, low fluorescing g sill (addie 430 dusll ey, 4,3

Procedure 43kl . 4

Al e dle ] Ale dysine LA & sl A diall e Je 9 cical sl aan
LA Sae T (s sine el 0 52 gl 3 (in A 5ie 4 i Lghy 15 ¢Sy A3l
@ e Jsasli mesotrophic or eutrophic  sibas (e Gl Caid g6 55
Clise abiie Clin g Jslae (810/1 il g (uSish o LA Jlaxindy 4ie Lalal)
gl Ly (e 100 (s »:ST) 5 Sl o saall (815 (o ) liad W Loy 4l ol
Adda dae] e Jpaslligl)

g sie e Sl S (o e o Lpie caddd gfdiall e dle ] aa

Filter . Cellulosic membrane filter sl sl ¢Lias e 2 nonfluorescent
.holder

s caal it Hlaiil g o < )5l Jle 1 Caal el o S i 5D Jlaatily
Llal oSy WAL ST a5 5 lasall e pall i gl (e alaia Jslae Ja 3
Filter N ald ol (Je il el 5 6 iaa A 50l (3 Al e g Sl
.holder

s abaiall i il e Jle 2 Jlesinds Ju) | (KPa 13 lsa ) qiills i
4 S Al adad oSay 48803 — 1 5l Ll g Caia g aley i S gall e e I
e Immersion oIl w3l e dda o Caiaad) il w5113 Jadag g o) S
Calaly i) pedans e I (i (a8 i Al Gl AR o S5 Sae Ay 5
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o sll 288 ()50 s oy Alall (5335 Sy Cover  dag i gllany il e
.Fluoresence

100 X i) duae Jleainds ilall e 5 lide 4300 sde <¥lae 10 81 e il
450 - 10 2 diady (@l shall gle 5 Al (i aliiie LA & 58 S5 6l 1))
Aande e duae Jlarinly s Y Lo a0 20 A LAY e Jladll 3

Calculations «liwall | 5

aal) e UBAT dlae Y da giall caal
paa /(adadl) Jalre) X (Lile/ilrs 30) X (@ all/L3AY) T sia) =lle/LIAY sac
Jle Al

References on Epifluorescence microscopic method
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Significance, Occurrence and Survival

Aen s On pia Jslae b Llle oa il 4 i) S (5 AY) (oa slall sl 5 iy pladl)
QL) ava Hlamind () a5 QYWD (ary (A ladal & G elld e 5 dalall daall Hlas
Slaniaal (o A yhadll libeal) L (5 AT (i) o By Afias licbian ) 258 Of (Sadll (g
Gl Al g deliall (mliasl 1 sas Al 3kl 5 4 sall claliadl (e dle cle ja
Mycotoxins 4 sl cilipS gl cdpulualdl ) geda (3 Hhadll Cudy Loy ) cdlban jpall G jall
el el 8 JEny) Al s Julil) eliaed & clilaal ¢ ol ¢ sy doala cilleal
il kil s 5 Spa bl aulidl) 5 cclizina) oJ il A slall ol o) gl 33 sl 0o
(a8 alaia ) (5 g il ol (8 Laaad 55 aay ol (ST Alall il A daild dplaall

(58 8aa) glall Al QN SV jad ey ¢ puedaill adil jal) 4 glia 5 Ll ¢ jail Aaii€

635 il s Amusl g il Ha el Cililae a5l g dala 1) il jall 3R Sl ool alias
AI5Y Alad el 5 (5 glasSll Jalailly alal) olpall Aallae Loty g A1 Y 8 Cadaay) )

)5 A dalea) cillee J&8 Aalacdie 12 (4 ool bkl @l la el ladl)
ban allia g a5 5ill alas (8 aa) gl Gy ke @lld (e Jrag JalSIL Al g sl L g
Ao ol o) sell 3 ga gall ol AL glal) e L Al slaadl il 38 ) yladll 6 AT AdLisal
plas il yhadll Jsan s =S¥ cililee L) 5l S IS (o ISLEN ) 25 5Lall 4 3 Jsas
e sl bl ¢ g5 Blalia By il sall canil gy (A Ae pn g andi Hladll Sy Lay a5 il
il Aeaiivnall LS pall 5l sall a5 S (A Shadll lagin dlcaial) hlial o
ieslie Filamentous Al dpdandll iy yhadl) 8 Law oK1 (Y 5 O sl (s oyl
sbadll (590 a3 hadl) ladind clilee 8 (Uilllane ;3 ) @il bgha 3 il Kl
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sl alidll ) o5 lal ga (8 ladll 0l 11 gaill i ASEal) 3y Balinall jagdail) Cililex Leale
e uaiay ol 4l e 535 Chlorine demand  LsiSI I zlaa) JSis of oS Biofilm
ol 5al) A0 b el (pe skal

OASalS Calidg Loy olsal) Hama 3 il (e Profile osbia¥) ahgis aal 58 4l SS
978 =% 17,6  Ihad Aadirall akaiy colaall Haae ) jall da )3 (o s sall DA
B ohill dnlagl S Ay giad) aldgiy lae ddasal o ) sl aldai g Jiall Ja ghad (e Canen e
ISV RN P PUVETENPRPT FIRE ISP N TR PN ERE T PERIN L PR N E WET
OS5 )5l akai (8 Hhadll pail duilia Hoias Addlall obiall 5 3 yiide die 727 (e % 5542
Loy A5edn 220 — 20 On Lo dadisall 3 jall (e SiST 4y 50 da 320 — 13 e sl
oA LD (S0 (A5 Andi yall 51 ) die 48y 535 il L Sl gy (udliil) I IS as
bl g e pSlae

Ao il phad s gind el sl ) g 28l LAl slaall jaiae dae g ana aliad il phadll
Gl yhdll A e ol e Cagyae Jilall g 5 yaall el e JSSI Thermophilia fungi 30) sl
AaiiS pH 8 sl ae Lkl il 5 8 @l paad el o s il e dalladl il glad 8
OSIL Aallaall dnis Gl pually dallaal)

A 35 g o0 B LA Al sy L o Adliae sball paliae (8 Hhadll AUS ) a5 2l
drana Ao 978 (8 G g () B yredll 5 ddliaal) dplaall iy yladll sae sl Baa 5 ) s
oiliaY) iS5 uin 20 (A iia 1988 sl - ) s JOA 1alds G gia (A olsal) ddane (1e
Cladosporium, Phoma, and Candida parapsilosis. s ALl
Csin A (e e DAYy IS mllae Laaaal) a5 ooldad Alls 8 cilS a8

. Penecillium, Sporocybe, Acremonium, and Paeciolomyces (- ¢ LisllS
«Jle 100 / S 18 534 o llan yuall  gellaall plail) s G4 jdadl] 480K Jass g (S
P TS

Aspergillus fumigatus sl (S8 dgdaall iy shadll (e 3 gaill (udi Jas s 55l A
Il b jaae e Rusedl g )l ot 8 oL oa

Cephalospdrium sp,Verticillium sp., Trichoderma i) s jalaal A
sporulosum, Nectria veridesceus, Phoma sp., and Phialophora sp

Jle 100/10 oo J8 obaall 028 (3 phadll 2o (S5

daa b S Ly bl Fragments 4 el e ST adil sl sale ISy Hhaill oY
ST o) 5l (e o Hill (gt 4l iny ddabiaall Al 5 g8 slall jolian (& kil aal 53 0 e
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has i yall Hhadll aae () e Jai daliad) aa) sl g a3 sl sl o jlanind 41Kl (1

Al an o 5l QUi ) L e afl el J iy o panedl (S el (mmy 8 2 siall
Sl A (Gaall ) siiea (558 Lary A5 (s saad) pLdll (8L (3 aal gy phadll jlaaia
Gl 7 lae e sedan 3 Slime g oW saill Shusall (8 0551l sl 9 o laaldll
Aalloda by Fusaria e Opeind shaill clis sai ) as g adl aa g julicall e o Jall
e da g ya g olyall (& jhadll 3 ga g dai (und g o pual) dBkaie die Sl ) o g2y gl 12 (8
siuall da38

Led A5 g ptia LIS a5 LIS gl g ¢al) o) Adaidl) (ulia¥) 5 5 j0eall Sl hadll 5
Ol ompe N e daa sl 4 gaanl) o) gall aa) 5 Cun a8 Lay ) (A Adlia jaa ld g3l
Lead hadll Jual 55 gt B olaal) Gl sale 5 Lida DAY (a5 iy ulia Y] (an
A gumall 52lall 2l g5 phadl) 43U (G Le Tl V) o e Al (A Gl G e il (e
osia A3 (S al sl ¢ gudy Gl e Jabhasl e jladll aa) 8 M) 4lSa) @lia Jea

5 el oy sl (e LYY mns a5 LaN 138 8 daga Ll o Aima de gana ) (e
Gl e Jada laaad 63 3850 ¢ sinll by S aladsiu) e 5 08l Lol Candida lambica
Dbl 55 j0eal) (ulial (g g il 138 (e il Sl die o Sl G5l deliva cildia
ol gl e oS dadls ) 5S35 Lay 5 WA 5 251l slead) Cilia (o it Jasdl

sl Lol e 5 jual Ld s cciley 3391 Cpe apanll 21 e 5 jaill Lggal el yladll Y
phara s Ay pdall Glanall Jadi s 43S il LS jall (any Gl 5 308nall dpxlall o) gal) alazal
ek Q) o (g a2 Jlule cMlicroaerophilic om swSOU zLaa¥) G4 i 5l sa Ll
Zlad Y Galia¥) poamy Lela Uil oY saill o 5 0l 4l Lt laa Juli 5 )8 (138 (i
oball (3 andall jume Hhail (S Of (Seall (e el sa

el e Al el phadl 8 Aspergillus fumigatus, A. flavus and A. niger las Lo
Uls 2 dpaal Ll O cpiie) kil Alal) of e b Laal L G Jltie) (Sar Y obual
Acliall abdia ol Y
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Fungi in recreational waters ol slua & by jhil) | 2

e bl sl g dalind) cilalaa Jia o 3l slaa 8 a5 Lay ) oD A el il ladl) (jiany
() aleaia¥) oSl A

athletes 28l ledll s tinea pedis Ll caws Trichophyton mentagrophytes
b el sl Jla ) (e i e A paal) Gulial) (e iS5 (Bl () e e s foOOL
Lokl 5 gl sl

Survival on chlorination il dadleall as L g

all I e ana 1 Cuagld piledldl oda )y oISIL Axllaad) ALl cHlA) (e jiled e
pae . <03 asn st daslie BB (e ST o lE o) (6 S L el O s (8 4380 20 3]
4383 30 524l )5 ane 4 o455 Y Candida albicans osilSad) lailSll i as g sl 5 I
JSLie i A 5 C, parapsilosis g 55 e s_meall Aty Jle /210 Waae oIS Lexie
dala g phill LA o5l sl L S e da sliall 33d Ll aa g 400 ) shaliall 3 daia
Dlial (383 10 el i el ie b g () o1 8l L S5 (g ST I o 5185 G S Lo o<1

Al /%10 asil_all e S Laxie 50 (e il / aas 10

Growth patterns sill zild 3

i True aquatic fungi Agal) elall O Hlad | Hhadll gail (aad gai 2 gy obaall B
8 Baa) siall Lala il yhadll (any s el AS jaie Gametes dawls Sl Zoospores
.Amoeboid stage xl Jsh sk Led @l yaall
sl 050 3Lall 350 dal je s (A pate e (56K Hhadll el AT zd el aa g
Filamentous s sei (1) sei Sllee 3 48 jae (Sal 2815 Asexual i sl
G ol a8l el pe g e ik 5a3 (2 ) pald S i &5 a8l jaa growth
ac i) cans Ay sl A S e & (50 8 6518 903 (3 ) arthroconidia e

Bl &S Budding
Sl 58 g i e ST aal gig A i) o olaall (84 saanll B0l A1 5 il ladl] ISE G
B siall Al Cag ylall o) ) el Al e
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rosis 984 a5 4 slall 4 gazanll af gl g AL LA colpall & iy Hadll 2a) 55 jean
<1879 Sl Zoospores ! Mastigomycotina () (o<l i 133
<31 593 ¢Baidiomycotina 18 ¢Ascomycotina ) it 161 ¢Zygpmycotina
.Deuteromycotina.!

de) 30 @k, 4

Poured plate 4sssaall @bl ddy b, 1, 4

aliall 1.1.4
abae st Led 4Saudl @Y sael Jlasin) (Says ( QC/QA ) Gans S il g
24 Gl LAY (Say Jlenin¥) 3a Lgie (aldty g dand ) Jasi  dalae ale A
A 8 i) Jadad aaal) e Jydadll 23y o1 131 Aol

alial) 2.1.4
4l .4 Neopeptone-glucose-rose bengalk-aureomycin agar ¢zl
Aspergillus, 4 8) Czapek agar O gkl 35l (1 g salixal)
Yeast extract-malt extract-glucose s (Penicillium and related fungi
Inventory oaibadll sl o dliade oS5 L) (Lieall)agar or Diamalt agar
.Neopeptone-glucose agar Jeziul

Neopeptone-glucose-rose Bengal aureomycinagar .1.2.1. 4
5 g. neopeptone, 10 g. glucose, 3.5 mL rose Bengal solution (1 g/100
ml reagent-grade water), 20 g. agar in 1 L reagent-grade water.
s Slall pH DSV et Jle 10 ShaeSs canlil L ) 5 Juay
6,5
Jl 150  / hsd J8 slma al sal ) GalSand 555 51 Sl 5355518 Jglaa pias
JeSiY 5 el il ade (Jleaiu¥) J8 4230 3 adais) g reagent-(grade water
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vie 33yl 53 jeaial) L) Lnd) e Jle 10 (I pdae Jslae Jle | 5 ol il
A5 45

Czapek (or Czapek-Dox) agar .2.2.1.4
Onsow asmlin ol a1l Camasall G jiial a3 Gy Swal 230
Gy 1 aealbiall a,Kal a5 capuirdl Glilua) a5 clin g
7,3 pH osS miadll 2y Reagent-grade water si 2 sl ol ja 15 ¢ ) snaal)
w9 Aspergillus, Penicillum, Paecilomyces Je die dx8l A3ul) oda
Aon ) gl A Y) G dgliad) s AY) il phadl)

Yeast extract-malt extract-glucose agar.3.2.1.4
2 10 cosinstala b elsall paldine ol ja 3 bl paldiue ol o 3
22 pH Lualdalsa ¥ | Reagent-grade water sl (8 Jal ol )a 20 5 5sSsla
sl e b sake Al

Diamaltagar.4.2.1.4
Lualdals Y Reagent-grade wate il 8 Jlal ol 20 5 <l sabys o)y 150 o3
Bpedll Y o 481 8 Bade Al ol filldala W 53 Se oS3 all pH
Al alall ¢l HLadY) 35 jeedl) (uliad A Al

Neopeptone-glucose agar .5.2.1. 4
Reagent-grade il 8 Jalal 220 ¢ sSslaal;n 10 «Osiustal a5 il
Emmon's  asbddgmadinllodas 6,5 AnllpH  o5S asadll 2y water
3380 L)l Emmon's Sabouraud Dextrose Agar sl Sabouraud Agar
&)l Ladal
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Procedure 4& k!l 3.1.4
Aie 20 055 Of Juzatall (S5 a5 (i ddaul g e 40 Jilas Sy

Preparation and dilution «aéailly juaaill | 1,3.1 .4
Jk 15 ¢ ais ReagentOgrade water Jle 135 “aal Jle 250 daws aire (3550 )
sl e J< daiae (i Al g Janial Aial) (50 10 1 1 ddS o Jeantl duall (4
J8 s Al Jala) Aabid) i) G alina elay Aal) 22 dlas g Juse ) Slpuzaii S8
saal dagall 85 )50 150-120 Ao Hloe Ao @osall Do L (ke 15) lete o jall aas
33l Aaddial) Ayl die Jald) g adae JJadA ) (5 sall cily siaa Ja31 ) 4483 30
S e JS alne LDA (S Jlaxial Juady 4006 30 52l ddlall de yull 2ic 4 43y
dira clo Jle 45 Alaly jiSTcliggas Jae ol lag ) aline slay Ciligad) G s Jus )
101 @i e 5
G siaall 3 el Caid i sale 58510 ¢ 1 sl (5 am (e 33 ald) il
sl ilsa 11000 11 51100 1 ) ol sl e & gamnd) 3 sall (g bl
10000 :1 51 1000 : 1 I <eissi 4y il Cilie

Plating @ub¥ Jes . 2.3. 1. 4
Neopeptone-glucose-rose pladinY adi S e BLkI 5 juas jlaa
4 5h A 0 45 e Al (e Jle 10 dwine 48 ks J83) Bengal-aureomyecin agar
o G LS Ll 5 i) Bl (s o Jla 1 ol ane O b (550 (ol )
Jslaa 55 dimll gadlel Uil Gab ) Cacal diaS s Ly Sl el jla) dls
ey claly JaVies 4545 43 e Al e Jle 10 ¢ s Sloas

Omaaill 3.3.1.4
el (15 6 gl (L5024 — 20 ) Al 550 n da o e Gumn GLY) QI Y
ol 7,5,3 22y Gl e 5 pa) dlall (eedl) ¢ gual yim jaill

w2l . 4.3.1.4
il A8y sl Al A Hlaall L Gag Gl & el jhaill ac
wlia¥) (e aal il sbaay e panadill
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60 150 (s (ars O (Seall o A Aal) e e S Jartiad Bk juaat vie
OSa Aiad) (ge (0 JBY) e il suaa dae ¢ JLia) die 5 Gulall e 5 janin
Rose e 4y sinall A3l Lol 31 I S Y) axsina) 153 janine 300 Sin 20
L gai 8 Adad) LK gy prand LS Aliadie & pentives clac) I Jusi Bengal
i IS A s (S s (a5l si ) sall e Labad a5 sl i) Caiuail
Al e 23 all Caddill y poidall aaall Al Aiel) 8 SN 2aal) (g

Spread plate technique @Yl 38 3k, 2.4

clad) . 1.2. 4
2 sl GLIY) a5k 3 s LS

Media «liall 2.2, 4
Aureomycin-rose Bengal-glucose-peptone Al bl e (sl Jaiiad
agar and streptomycin-tetramycin-malt extract agar
enall G peall g slaall chline Jalad 85056 I3 a
Neopeptone-glucose-rose Bengal aureomycin agar, Czapek , Yeast
extract-malt extract-glucose agar, Diamalt agar.

Aureomycin-rose Bengal- glucose- peptone 4w juasil 1 .2 . 2 .4
Giasode SR aalina a1l «Osina ab )sSslaal 10 < agar
&l al 220 «dab Sl .35 ¢ aspmdiall QG S ol a5 eilin g
258550 e s sl ane 70 31 aie 5 Reagent-grade water Jl 800
3 ymall el ) il 5 ol il ée <Reagent-grade water Jlk 200 4
gy daine Glbl 8L 25 cua 54 058 of sy pH o JI (R 45-42)
gl 4 ) Jeai 33al 4 e 4 e Ledaia (S 4 saaal) GLbY) bt 434l)

<3l Streptomycin-terramycin-malt extract agar 4w jwasily 2.2 2.4
Reagent- Jk 800 & Jlalal s 15 ¢sin al a5 el gall paliivis o s 30
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OIS Cppenal il 5 Cpna s JiaY) (0 DS (e a2e 70 3 ke 5 grade water
3yl el ) il (i jilly ke s Reagent-grade water Jk 100 4
Ghbl 2 Jk20 s ca 54 G5 ol e Al pH L (Rsk 45-42)
4 ) s 520l Ay gia 4 i L JalEaY) Kay B sueaall (3L 5 s leed g Aabag

i

Procedure 44 ,kl,.3.2.4

Preparation and dilution «isdailly juasill 1.3.2.4
« Buffered water — alie sle & Cadaill jal 4 suadl) LY 45y kil
(Gaball (35 pantiine 150 (N 20 O e (aad Al lisasl) sl

Plating @ub¥ ds1.2.3.2.4
4 ,a0 5 mdaa e Laminar flow o 4s side Leduiad S (LY
s 2l il 13 5 ) kel 3 pean el 1,5 -1 3ad 9430 dassi sk )
Al e Jle 1 Jol dane duale Jleriuly i gl die JSU cbilian] Lebilas
Canad Jlaainly Galall mhans o g 5 Adiiad Gaw (3ab OS el () il
plasiuly ol dua ol g I ol JLaa M deilly B LS L i JSG e ala
Al 28 Slea

Geaaill 3.3.2.4
4510 15 die s g ¢ SLlY) Qi) Ad jall 5l a o Ledlia aay g dslaal) GLLY)
33 43510 20 die (pms JiaSy (% 95— 90) sk Il Mo s 8 ol 7 3
2517 516 (i A e Ol perivnn iy Y Lay ) ekl gail) 13 kil QL7 -5
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Counting and recording Jsadligaall, 3.4

e O8I Gkl Je Quebec colony counter aladiuly Gl jeriel) ae
Aelu24 oo wiViamldisied e 3LhY) sl il sl jali g s el
laae (Sars jenine 150 (Jsa (o & ginall GLbY) 6 jeniuall pan e olaic)
(GBahall (83 yexines 100 s JieYl 2aall (Sl
ALY 4l 0 CFU/L00 ML e 100 /5 yexiiusall (55 5as 58 il Jaas
A /CFU 3 eriueal) (S5 82 o€ aaall a8 dalial) ans ol dalall bl duilly
s giall Jasiad e JOU ST S Gl 3 Jasiad 131 Galall Juady g Cila sl ila
135 cadad el U el e 8 aaall Jay slac] aed &) ldal cllia (A< 130
Too 23 Y5, slae gl e daill Jaw ) 8 150 (e Lef dlacf ellia IS
A4S jia gl dusedliae s dand e Ol yexisall il 131 nUmMerous to count (TNTC)
& Jidadll 5 <5 Obscured (OBSC) 4weda dagiill Jauii 6 piiie Qverlapping
S ganid gl (J cligas) J8 @l 3 5 ol

Membrane filter technique gé il 4uieidih, 4, 4

& 5 Al qureomycin-rose Bengal-glucose-peptone agar i aaiiul
modified streptomycin-terramycin-malt = 3w Jleainl (Say X danal)
Ol e Lot Ao aal) Aanll Bl S jall ks & jeaa Gl 238 extract agar
de 7 — 5 Sl g 555, jilll/anea 200 Y Al / ane 70 (0 @) sl Sladll

Gl AaSaa LY Uiy 3ela S
bl 3550000 100 — 20 e hany 53 Lgte Cagail) o) Al ans Jastin
die (uma Gy i) ga 0L 5 3l 4y gie 15 e ohs Al GLlaY) (s

bl a5 e e J skl ol alf 3 5aal 4y 53 20
Slo 8021 80 — 20 o (ssinidnd gaill BLbY) Bas LS GLY) Jais 5 24l
Al
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Yeast 8_sall 5

3alaind) (LU laaal 554 ) S5 e cila sladll (815 colaall jalias 8 2l 5533 yuaal) of K3
Canall (S0 g oAy 3l i yaaS (5 e Lgd G ISH 038 (Y Gl auzasll 138 30 gane sl
& omaall Ay alag) ) il g Al Jas e IS e a5l jal o glhae Jlaall 138 3 S
sl g puadtal (e Al Gl V) Al )0 sl

Al 5 plad manad Al 5 4y 3Lei¥) Gilia jeall ) 4355 Candida albicans sl layils
Laliad) debiall alisil g ¢ U yull Sl ALY e Stressed  cseaall palai
Jlexivl 5 elac ) J&5 & Immunosuppressants 4eliall Giagia Jlasivd s 50Y0 4La
O laliall (a3 40eally lila¥) Broad-spectrum  J ssiall sxiaall 45 sall cilabizadl)
llaal o dovdall du jlad) o 45 gla slie Jlarind dais cilasad) 8 dulilsdl) sleac Y1 5 JlaY)
ladll Cancat ) Y oKD g 82 J

(SN ¢l S g o Alall anll cild i) soal) Calide A aa) 5355 jpeadl () g yrall (e
clilia 85 ol 32/100,000 (N deai Loy dpeall colalaa) 8 LgilS | janl ) 58 calaal)
Al /3 e230025,000 (A YT s o Le G léss Raw sewage pil) sl G peall
o6l ol (A Ly Qilll /5 jarina 400 AES) Caa g SSIL llral) paall G pall A
slall dae 5 an 3 el g s AN sl (8 125 2 o JET G Lo AR s g
Ll Jlas g ga e Bl HUaeY) 5 Clalaall Copea (e Aaill) & geaal) salal) 8 Alias
.Lake turnover 3_s~all slae & 5 cAlgal blooms caltadall jlas ) el g

= %99 — 90 Juyi pall sluall jaadl Chemical coagulation 4 sl dalail) dilee
O5S nedaill (8 cdaall o gud s el i il el (46 %690 JBY) e A1) ga 8 yedl
o2, siinall olbia S yilll/ma 1.2 (5 shue Sin asiall IS o l8 5 padl) o 2a g 2818 Alladld]
Dl Rigidity  Akhas dlaw e Liase il 3 padll dially jall ) 5IK1 A gladl) sl 3l
Juxd 5% 05 5Y0 ekl 8 (el e 5 SISU Al 4,300 wile 0 5S5 (53015 (5 5180
L e o Al 4y slue s

285 of Sy T 2221 138 il / IS 15 das sy (5S5 Lay ) oyl oy 85 ypei) 23S
W st 5 yanad gall Ay g ol e Lguadi 3 el ol Cum 53 2S00 (8 DL 430y
Clled ¢ Al ol sall o) Jal 0 585 Lay ) 3 yseddl (e Adladl AHESH 13 a8 gall 5 g day

B ) el o Al ja 85 el AES A 8 ASUul) slual) <l (LY 5 cclSoil)
Gliall 50 %50 A aalgydl /28 — 1 Gmle gl i oKL Aadlaall Cua Lo 3
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i Ll an g de 3 sall sball (e Al s Jaall 3 ypedll Ciialyy 3 Al
Candidaparapsilosis, C. albicans, Cryptococcus laurentii, Rhodstorula
Bosha YA eV il el oo 1Sl Gulial 8 138 e glutins and R. rubra

Technique for yeasts siwalldi b, 1.5

G paxiin O 5SE Lary %50 (s 4 slall slaall (g Lele: Jaitall il yhadll dlae
Byl o @l e o leall JS pais eans ¥ Lo S5 Gl dulal) ciliadl 5 jsed
2o A ALaYLsale Gl 5SSl Quantitative enrichment 4l cuadsl)
Plate count GLkY!

i), 2.5

e

Yeast nitrogen base-glucose broth (3.« Jexiul Enrichment  auaaill
Yeast extract-glucose agar or Diamalt agar. Jaziul J a1l

Yeast ol 13,4 <3 Yeast nitrogen base-glucose broth .1 .2 .5
e L 500 s md Al a3c <Reagent-grade water i & nitrogen base
Al Jaad ol 5ill o 800 SS ade 5 55Sslall 5e 9% 40 ¢ %2 LS A (e S
Yeast Jstae o Jle25 alne 3550 d 250 N daina Ay ylay Chuial cdilgal)
%1 Jead 35S hal Jslaa 50 %40 5l %2 e sl s Je 25 ¢ nitrogen base
e g ) Lgd 3a 5 (o Bl ASLN | Al 35S la 3 559420

a 83 G Yeast extract-malt extract-glucose agar . 2.2.5

a S5 3w Diamaltagar .3.2.5
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ikl 3.5

G LS Sample preparation and dfilution «isaall g &al) juaai 1,3.5

Enrichment «wadill 2.3.5
yeast nitrogen base medium containing =~ Jk 250 G50
yeast nitrogen base medium containing 20% ' 251% glucose
da )0 e (pian siell (e il cadadll e Jle 1 sl glucose
) e Aol 4 saal da8all /44l 150 — 120) ) e 28l s ) e

Isolation J».3.3.5
LA caal 613 cilelu 5 — 4 sad ZSLla leea s ) el Je o (30 5all 32
Ly hadll silay g leall (A Al by yladl) o Ly SSAI (855 Gyl 3 jpedll
e sl 38 o )S ISl @l e gl Al g ala 31 @) sall lass (Bl
Yeast (Ao hubaiilli g 5l e0ed Jilall ae caul I il el die sl )
O (390 JSU 3Lkl 3 Jesind extract —malt extract glucose agar
oAbl G L (e g 83al 3Ll el ¢ g e aums AN 5 ) s e
Sl yarivne o Ll R de ) je e Jmnll GLbaY) QB (5 55l
A e 3Lkl e 5l Aaull i (e BLbT e Jagladil) se § Aladic
.Diamalt agar

Counting =, 4.3.5
O o131, el 5 cuadill Alee 2y s e ) e sl) ol (40
g Gkl o JST 5l 8an) 53 janione g2 o gu Aplal] Liall i 3aa) 404
) aall die a5 dgie Gara g s sl ileall o S Of (S ccapasl)
o sl oY) Caiadll e Ialaie) dlacY) (e
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Fungi Pathogenic to Human SwiSd ga yaall Jhaidll | 6

Occurrence and Significance s)jagealsi . 1.6
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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 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
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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.




Analytical Methods

MmTEC 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.

THEORY:

MTEC agar plates are incubated at 35°C for 2 hours 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 (800/266-2222, 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)).

REFERENCES:

U.S. Environmental Protection Agency, 2000, Improved
enumeration methods for the recreational water quality
indicators: Enterococci and Escherichia coli: Washington, D.C.,
EPA 821-R-97-004, 53 p.

U.S. Environmental Protection Agency, 2006, Method 1103.1—E. coli in water
by membrane filtration using membrane-thermotolerant Escherichia coli agar
(mTEC): Washington, D.C., EPA 821-R-06-010, 45 p.

NWIS PARAMETER CODES:
31633 E. coli on mTEC agar, colonies per 100 mL
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MI Agar - a New
Chromogenic/Fluorogenic Medium

For Total Coliform and E.coli







MI Agar - a New Chromogenic/Fluorogenic Medium
from BD

P BD Diagnostic Systems, Sparks,

! MD, has announced the release
of BD MI Agar, a new
chromogenic/fluorogenic medium
formulated to simultaneously
detect total coliforms and
Escherichia coli in drinking water
BD MI Agar by membrane filtration.

BD MI Agar conforms to the
USEPA 1604 approved procedure
for monitoring drinking water
under the Total Coliform Rule and
source water under the Surface
Water  Treatment Rule. A
significant enhancement to the
membrane filtration (MF) test
method, MI Agar increases the
analytical quality, while reducing
analysis time when compared to
conventional techniques.

Final results are available in 24 hours or Iless.

The benefit for testing facilities is a more efficient, cost-
effective, sensitive and specific tool for the detection of
total coliforms and E. coli in drinking water. BD MI Agar
offers precise, quantifiable results as compared to the most
probable numbers method which provides only a statistical
estimate that is more costly and time consuming.




While BD MI Agar is approved for use by certified drinking
water laboratories for microbial analysis of potable water,
it's also ideal for a wider range of applications.

BD MI Agar can be used to test recreational, surface or
marine water, bottled water, groundwater, well water,
treatment plant effluents, water from drinking water
distribution lines, drinking water source water and possibly
foods.1

MI Agar was developed by the USEPA for testing drinking
water as an enhancement to the MF technique. As a single-
step MF technique, MI Agar can be used to simultaneously
detect and enumerate both total coliforms and E. coli in
water samples in 24 hours or less on the basis of their
specific enzyme activities.MI Agar detects the presence of
the bacterial enzymes B- galactosidase and B-
glucuronidase produced by total coliforms and E. coli,
respectively.

Typically found in fecally polluted water, coliform bacteria
are species that inhabit the intestines of warm-blooded
animals or occur naturally in soil, vegetation and water.
They are often associated with disease outbreaks. Although
these bacteria are not usually pathogenic themselves, their
presence in drinking water indicates the possible presence
of other pathogens. E. coli is one species in this group of
coliform bacteria. Since it is always found in feces, it is a
more direct indicator of fecal contamination and the
possible presence of enteric pathogens.

For more information on BD MI Agar, please call 1-800-
638-8663 in the US, or to send a request for more details




1. U.S. Environmental Protection Agency. 2002. Method
1604: Total coliforms and Escherichia coli in water by
membrane filtration wusing a simultaneous detection
technique (MI medium), September 2002, Publication EPA-
821-R-02-024, USEPA Office of Water (42037),
Washington, DC

BD is a trademark of Becton, Dickinson and Company.
©2002 BD December 2002

E. coli colonies are

blue under normal light. ~ Total coliform colonies
fluoresce under long-wave

UV light.




MI Medium - U.S. EPA Method 1604

Science

Method 1604 (EPA 821-R-02-024) is a sensitive and
differential membrane filter (MF) method that uses M1 agar
or Ml broth for the simultaneous detection of both total
coliforms (TC) and Escherichia coli (E. coli) in water
samples in 24 hours or less. Identification of the two groups .
of bacteria is based on their specific enzyme activities. Two e 1
enzyme substrates are included in the medium to detect the L
enzymes that are produced by TC and E. coli. . ]

Total coliforms include species that may inhabit the |
intestines of warm-blooded animals or occur naturally in

soil, vegetation, and water. They usually are found in fecally-polluted water and often are
associated with disease outbreaks. Although they usually are not pathogenic themselves,
their presence in drinking water indicates the possible presence of pathogens. E. coli, one
species of the coliform group, is always found in feces and is, therefore, a more direct
indicator of fecal contamination and the possible presence of enteric pathogens. In addition,
some strains of E. coli are pathogenic.

Applications

Method 1604 has been approved for use in monitoring drinking water, source water, and
ambient water (including fresh recreational water). It also has been proposed for use with
ground water, and may be useful for analyzing other types of samples, such as treatment
plant effluents, foods, pharmaceuticals, and clinical specimens (human or veterinary). The
method is sensitive, selective, and specific with low false-positive and false-negative rates.
Use of this method simplifies compliance monitoring of drinking water by eliminating the
additional time, labor, and expense of repeat or serial analyses that can delay the detection
of contaminated water. The method can be found on the EPA NERL-Cincinnati
Microbiology Home Page at www.epa.gov/microbes/ (click on "Method 1604" under "E.
coli” or "Total Coliforms™).

Current Licensees
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Becton, Dickinson and Company
Whatman Inc.

EPA Contact Information

Kristen P. Brenner, Ph.D.

U.S. EPA

26 W. M.L. King Drive - ML 314
Cincinnati, OH 45268

Phone: (513) 569-7317

Fax: (513) 569-7170

E-mail: brenner.kristen@epa.gov
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ANNEX 3

CHROMOCULT FOR COLIFORMS
ENZYMATIC METHODS
RAPID METHODS
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' Chromocult® Coliform Agar

Cat. No. 1.10426.0100/500
(100 g, 500 g)
Selective agar for the simultaneous detection of total coliforms and E. coli in drinking water and processed
food samples.

The approval by US-EPA is pending.

Mode of Action Quality Control
Typical Composition (g/litre) Additives/Reagents
Preparation Picture/lImage
Experimental Procedure and Evaluation Literature
ChemDAT®

Mode of Action

In the first instance, the interaction of selected peptones, pyruvate,
sorbitol and phosphate buffer guarantees rapid colony growth, even
for sublethally injured coliforms. The growth of Gram-positive bacteria
as well as some Gram-negative bacteria is largely inhibited by the
content of Tergitol® 7 which has no negative effect on the growth of
the coliform bacteria.

For the second stage, Merck has developed a new combination of
two chromogenic substrates which allow for the simultaneous
detection of total coliforms and E. coli.

Coliform identification

The characteristic enzyme for coliforms, AY-D-galactosidase cleaves
the Salmon-GAL substrate and causes a salmon to red colour of the
coliform colonies.

E. coli identification

The substrate X-glucuronide is used for the identification of AY-D-
glucuronidase, which is characteristic for E. coli

E. coli cleaves both Salmon-GAL and X-glucuronide, so that positive
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colonies take on a dark-blue to violet colour. These are easily
distinguished from other coliform colonies which have a salmon to red
colour. As part of an additional confirmation of E. coli, the inclusion of
tryptophane improves the indole reaction, thereby increasing
detection reliability when it is used in combination with the Salmon-
GAL and X-glucuronide reaction.

Typical Composition (g/litre)

Peptones 3.0; sodium chloride 5.0; sodium dihydrogen phosphate
2.2; di-sodium hydrogen phosphate 2.7; sodium pyruvate 1.0;
tryptophane 1.0; agar-agar 10.0; Sorbitol 1.0; Tergitol® 7 0.15;
chromogenic mixture 0.4.

Preparation

Suspend 26.5 g in 1 litre of demin. water by heating in a boiling water
bath or in free flowing steam. Stir the content to assist dissolution
(approx. 35 mn). Some turbidity may occur, but this does not effect
the performance!

B Do not autoclave! Do not overheat!

pH: 6.8 A+ 0.2 at 25 A°C.

Note: After autoclaving add E. coli / Coliform Supplement to the
medium cooled to 45-50 A°C if the sample material contains high
gram-positive bacteria resp. Pseudomonas and Aeromonas spp.
The plates are opalescent to turbid and yellowish. Store in a
refrigerator and protect from light. To prevent plates from drying, seal
in plastic pouches or bags.

Shelf-life under these conditions: 6 months.

Experimental Procedure and Evaluation

Inoculate the medium by the pour plate method or by spreading the
sample material on the surface of the plates. In addition the
membrane-filter-technique can also be used.

Incubation: 24 hours at 35-37 A°C.
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E. coli: dark-blue to violet colonies (Salmon-GAL and X-glucuronide
reaction).

Total coliforms: salmon to red colonies (Salmon-GAL reaction) and
dark-blue to violet colonies (E. coli).

Other Gram-negatives: colourless colonies, except for some
organisms which possess AY-D-glucuronidase activity. These
colonies appear light-blue to turquoise.

In order to confirm E. coli, coat the dark-blue to violet colonies with a
drop of KOVACS' indole reagent. If the reagent turns to a cherry-red
colour after some seconds, a positive indole formation confirms the
presence of E. coli.

Membrane-filter method:

The simultaneous detection of total coliforms and E. coli using
Chromocult® Coliform Agar (CCA) relies on the production of specific
colony colours. OSSMER et. al (1999) reported on the effect of the
type and brand of membrane filters on the growth and colour
formation of coliforms and E. coli on CCA. The best performance was
obtained when using filters of cellulose-mixed-ester material, s. a.
Gelman GN6 or Schleicher and SchAv4ll ME25. For the validation of
membrane filters it is advised to use one of these filters as reference.

Quality control

Test strains Growth Colony colour [ Salmon-GAL | X-Glucuronide | Indole

Escherichia coli ATCC 11775 good/very dark-blue to + + +
good violet

Citrobacter freundii ATCC 8090 |good/very salmontored [+
good

Escherichia coli DSM 502 good/very blue to violet + +
good

Salmonella enteritidis ATCC fair/very good |[colourless

13076

Enterococcus faecalis ATCC none

19433

Additives

1.00898.0001 E. Coli/Coliform Selective-Supplement 16 vials
1.09293.0100 KOVACS Indole Reagent 100 ml
1.10156.0001 Chromoplate® Coliform Agar 20 plates
1.11350.0001 Bactident® Indole (dropper bottle) 1x30ml

SchAvill 406870
Gelman 66278

Cellulose-mixed-ester-ME 25/21
Cellulose-mixed-ester-GNG membrane filters

17
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Methods for detecting pathogenic viruses and bacteria
from water samples

Viruses

Concentration of viruses is an important facet of their detection and
identification. The most common method involves passing very large
volumes of water through filters that are electronegative or
electropositive in nature. The virus particles are adsorbed to the
surface of the filter by electrostatic charges and are then eluted by
passing smaller volumes of a protein-containing liquid (e.g. beef
extract).

Virus concentration Method

Viruses held in filter

Collection

Pump Volume
meter Discharge

YWater to be sampled Cartridge
at source Filter

Pressurized
chamber with
beef extract at
pHa.6

Compressed
gas

Eluted virus collection

Detection is often achieved through a tissue culture of the viruses in
human or primate tissue samples. More recently,
immunofluorescence (antibodies linked with fluorescent dyes such as
FITC - see Biology 446, Chapter on Methodology) , enzyme-linked
immunosorbent assays (ELISA both direct and indirect), nucleic acid
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probes, the Polymerase Chain Reaction (PCR) and
radioimmunofocus assays (RIFA) have become more common.

Bacteria

The most common indicator of potential pathogen contamination is
still the coliform test in its various guises. The Total coliform test has
many forms; the most common so far has been the membrane filter
method in which a known volume of water is filtered through a 0.45
&muM or 0.22 &muM filter and the filter incubated on M-endo or LES-
Endo agar. Red colonies with a metallic sheen are considered
coliforms. A slower method, the Most Probable Number method is
also used and involves serial decimal dilution of the water sample
followed by adding 5 aliquots of the dilutions to 5 tubes of nutrient
media. If the dilutions are chosen correctly, some of the serial
decimal dilutions will have some tubes with growth and some without.
A statistical procedure based on these sets gives the number of
bacteria in the original sample. This test is sometimes referred to as
"dilution to extinction" - an unfortunate phrase !

More recently, with changes in many countries drinking water
regulations with regard to coliforms, no coliforms at all are allowed in
100 mL of sample. This permits a simple presence/absence test to be
used where 100 mL of sample is placed in nutrient medium at
suitable concentrations and incubated; any growth means the water
has coliforms and so fails the regulations.

A remaining problem is the time taken to assay for coliform number or
presence/absence; up to 3 days is required for some of the tests. The
guickest tests (P/A and membrane filter) take 24 hours. Very often,
guicker results reporting is essential or desirable. Rapid detection
tests have been developed for these situations. They vary in their
acceptance by the regulatory bodies, but at least one (Defined
Substrate Systems) has achieved broad use and regulatory standing.
In this test (various commercial versions are available), the water
sample is filtered through 0.45 &muM membrane filters, removed and
and incubated at 35C on a medium containing 4-methylumbelliferone-
beta-D-galactoside. If coliforms are present, they break the bond
between the methylumbelliferone and the galactoside, releasing the
fluorescent umbelliferone derivative. The degree of fluorescence is
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measured with a fluorimeter and shows the degree of contamination
by coliforms.

fluorescent l:jH3
R
QOCH
O >
R/ H L 0~ 7O
OH H

H OH  4.Methylumbelliferyl-3-D-glucuronide

A variant of this test (the Colilert method) uses ortho-nitrophenyl-
beta-D-galactosidase (ONPG) and 4-methyl umbelliferyl-beta-D-
glucuronide (MUG) for detecting total coliforms and Escherichia coli
in a single solution. The coliforms break down ONPG with their beta-
galactosidase enzymes releasing the yellow coloured indicator
portion of the molecule. If E. coli is also present, the enzyme
glucuronidase hydrolyzes the MUG to glucuronide and the indicator
portion 4-methyl-umbelliferone that fluoresces under ultraviolet light.
This permits separate and independent estimates of total coliform
and E. coli counts in the same sample. Levels as low as 1 CFU/100
mL have been reliably detected with this method. This test can also
be used with the MPN or P/A tests to improve resolution and
sensitivity.

For a complete assessment of the coliform bacteria
and methodologies to determine their numbers, etc.
see the Canadian Water Quality Guidelines article.

Gene probe and PCR technology could also be used to produce
more sensitive and specific test for coliforms or E. coli (from Kimball's
Biology Pages)
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Animations from
http://www.iupui.edu/%7Ewellsctr/MMIA/htm/animations.htm
(Click on PCR in side menu) - From "Molecular Medicine in Action”
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Rapid Detection Kits For Coliform/E.coli

The IDEXX Colilert: Coliform/E.coli test kit simultaneously detects
and confirms coliforms and E.coli in water samples in 24 hours or
less. Simply add the Colilert reagent to the sample to incubate for
24 hours, and read results. Colilert is easy to read, as positive
coliform samples turn yellow, and when E.coli is present, samples
fluoresce under UV light. Colilert is easy to use, involving less than
one minute hands-on time. Colilert is used by over 90% of state labs
in the United States and it is the only USEPA-approved, 24-hour
test for drinking and source waters.
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Rapid Assessment Methodology for the Detection of Microbiological
Indicators.

To assess beach water quality, the Department of Environmental

Services (NHDES) monitors fecal indicator bacteria levels at coastal
beaches on a routine basis.

Unfortunately, sample analysis can take anywhere from 24 to 48 hours.
Because it takes at least 24 hours to receive results, beach managers and

the public are not informed of water quality problems until after the public
may have been exposed. This is an issue facing beach officials throughout
the world, and is a top priority of the US Environmental Protection Agency
(EPA). The EPA, universities and private entities are researching rapid
assessment methods to enumerate bacteria and viruses. These methods will
allow beach officials to post advisories on the same day water quality is
impaired, thus, better protecting public health. There are three different rapid
assessment method technologies available: Molecular surface recognition,
nucleic acid detection and enzyme/substrate based methods. All rapid
assessment methods will take less than two hours to obtain results.
Molecular surface recognition methods capture and/or label the target
bacterium by binding to molecular structures on the exterior surface or in its
genetic material. Analyses of coastal beach water samples currently employ
culture-based methods for the detection of Enterococci bacteria, an indicator
for fecal pollution in marine water. The quickest culture-based method takes
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up to 24 hours to provide results. Now, a new method is being developed to
enumerate Enterococci. This new method uses Transcription-Mediated
Amplification (TMA) with a fluorescently-labeled probe to amplify a
specific region of Enterococci ribosomal RNA (rRNA).

The TMA rapid assessment method is currently being tested in Southern
California. Development of methods is moving quickly and will likely come
to execution within five years. One reason why the new technology is not
currently being used is that it is more expensive. Once this procedure is
widely and routinely used, the expenses will lower.

This rapid assessment method is very beneficial because it will allow beach
managers to take action towards protecting the public from exposure to
waterborne pathogens on the same day that the water is sampled.

Another rapid assessment method that is being developed for the detection
of fecal indicators is called Quantitative Polymerase Chain Reaction
(QPCR). QPCR is a nucleic acid detection method that targets genetic
material of bacteria, viruses or protozoan indicators. QPCR is being used to
test for both E. coli and Enterococci. Results while using this method can be
obtained on an average of two hours after sampled. These collections have
demonstrated 85-90 percent agreement with existing routine methods. This
method can be used to detect other water quality indicators such as
Bacteroides thetaiotamicron and human enterovirus. Studies indicate that
ratios of B. thetaiotamicron may provide useful information as to the source
of fecal contamination in samples collected.

The final rapid assessment technology methods available are the
enzyme/substrate based methods. These methods pair chromogenic or
fluorogenic substrate methods already widely used with advanced optical or
electrical detectors. These methods are directed at reducing the incubation
periods of current membrane filtration methods. Some of these methods
measure excitation and absorbance of the fluorescent metabolite of
Enterococci

using a fluorometer which will speed up the rate of detection. A popular type
of enzyme/substrate method is called the Dual-Wavelength Fluorimetry
(DWF). These rapid assessments methods are currently being tested for its
accuracy, sensitivity and efficiency. Research indicates that these new
methods will be made available within the next five years. Once these
technologies are made available and laboratories adopt the methods, beach
management will be able to better protect public health. With assistance
from EPA Beach Grants, New Hampshire is hoping to employ these
methods once they become available.
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ANNEX 4

BIORAD DETECTION METHOD
FOR E. COLI
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Bio-Rad Laboratories, S.A.

Email: mailto:Frederic Martinez@bio-
rad.com?Subject=Bio-Rad’s RAPID'E.coli 2™ Agar
Granted Performance Tested Method Status by AOAC RI
[Ref: rapidmicrobiology news - 1027h13]

Tel : +[33] 1 47 95 60 00
Fax: +[33] 147 41 91 33

Bio-Rad’s RAPID’E.coli 2™ Agar Granted Performance
Tested Method Status by AOAC RI

RAPID’E.coli 2 agar, manufactured by Bio-Rad Laboratories,
was granted Performance Tested Method status by the
AOAC Research Institute (certificate # 050601).

RAPID’E.coli 2 is a chromogenic medium for detection and
enumeration of E. coli and other coliform bacteria in food in
24 hours. It is a rapid method producing accurate and
easy-to-read results. Current methods for enumeration of
E. coli and coliform bacteria can be costly and laborious.

The use of chromogenic substrates in media has lead to
development of faster and easier methods for detection,
differentiation and enumeration of target bacteria.

RAPID’E.coli 2 is validated for enumeration of E. coli and
other coliform bacteria in raw ground beef, raw boneless
pork, fermented sausage, processed ham, processed turkey,
frozen turkey breast, raw ground chicken, cottage cheese,
processed ricotta cheese, unpasteurized raw milk, and dry
infant formula. It is validated at two incubation
temperatures, 37°C and 44°C (cottage cheese and
processed ricotta cheese are only validated at 37°C only).
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The principle of RAPID’E.coli 2 medium relies on
simultaneous detection of two enzymatic activities, Beta-D-
Glucuronidase (GLUC) and Beta-DGalactosidase (GAL). The
medium contains two chromogenic substrates. One
substrate is specific to GAL and results in blue green
coloration of colonies positive for this enzyme and one
substrate is specific to GLUC and results in violet coloration
of colonies positive for this enzyme.

Coliforms, other than E. coli, (GAL+/GLUC-) form blue to
green colonies while, specifically, E. coli (GAL+/GLUC+)
form violet colonies. A count of total coliforms can be
obtained by adding the number of blue colonies and the
number of violet colonies. Differentiation of coliforms and
specifically E. coli is carried out by observing a simple color
change reaction. Observation of gas bubbles for
differentiation is not necessary.

RAPID’E.coli 2 is available in two formats, dehydrated media
(Item # 356- 4024) or ready-to-use bottled media (Item #
355-5299).
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ANNEX 5

LOW COST BACTERIA MONITORING

COLISCAN EASYGEL
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Low Cost Bacteria Monitoring:
Coliscan Easygel

Basic Steps to Coliscan Method

%+ Collect Sample (Non-wadeable streams)

++ Place known volume (0.5 — 5.0 ml) of
water sample in Coliscan bottle

++ Pour water + Coliscan on “special” Petri
dish

++ Incubate for 24 — 36 hours

%+ Score plates
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Typical Coliscan Plate

Is Coliscan Accurate?

Comparison of DEQ/DCLS Results with
Coliscan Method — Study Overview

O 116 sampling events during 2001-2002

69 “diverse” stations

U Duplicate “DCLS split” samples and/or
“bucket split” samples
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sample Results from DEQ/DCLS Comparison Study

Station DEQ/DCLS Coliscan
North Fiver 1750 2270
Wilhs River 440 400
Appomattox Fiver 130 200
Spring Creek 70 £l
Buffalo Creek 130 230
Saylers Creek 210 130
Big Guines Creek 510 170

Summary from Comparison Study

1. Coliscan is a “conservative” method
- Very few False Positives (1/63)
- False Negatives are common
near the standard of 235 (11/17)

| o]

Regression coefficient = 0.5--

LIS

Bottom line: DEQ has approved Coliscan
for “screening” purposes
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Data from “False Negatives”

DCLS Coliscan DCLS Coliscan
513 170 299 100
243 130 460 100

2.400/380 70 520 180
T00/260 100 243 190
400/330 80 243 30

353 20

Scorecard for Coliscan as a Citizen Method

Criterion Rating Comments
Accuracy +++ Approved by DEQ for screening
purposes (Conservative)
Sensitivity ++++ | Equivalent to standard DCLS method
Cost +—++y/2 | Little to no capital investiment

§1.50 - 52.00 per test

User-friendly -

Less ame/diffienlty than S05
macromvertebrates or DO tests

Citizen Training | ++++

2 hour training to get started
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Potential Uses of Coliscan by Citizens

1. Unmonitored/Under-monitored waters
2. Recreation Areas

3. Impaired waters/Fecal TMDLs

4. Other???

Coliscan can complement DEQ
data collection for fecal TMDLs

* DEQ collects 12 months of BST (Bacterial
Source Tracking) data for the “listing
station”

+ DEQ sometimes collects little or no spatial
data in support of fecal TMDLs

* Coliscan is an ideal low-cost method to
collect spatial data to localize the location
of fecal inputs
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Data from the Reedy Creek Watershed

Station | 06/28/03 | 07/19/03 | 08/16/03 | 11/15/03
8 1.350 1.510 1.780 425
6 730 1.230 920 40
5 5.000+ 5,500 2,360 630
4 (Trib) 190 450 1.120 50
3 1.860 1.100 5,750 160
2 430 780 2,300 230
1 530 700 4,000 110

Station 8 - 6/28/03

40




Station 6 - 06/28/03

Station 5- 06/28/03
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Station 4 - 06/28/03

Station 3 - 06/28/03
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Station 2 - 06/28/03

Station 1- 06/28/03
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Micrology Laboratories Contact
Information

Micrology Laboratories, LLC.
PO Box 340
Goshen, IN 46526
1-888-EASYGEL

www.micrologylabs com
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Coliscan Easygel

How Volunteer Monitoring Can Help
The TMDIL. Process

What Is Coliscan

* An inexpensive and easy to

use media to test for E. coli

» Testing does not require a
laboratory environment

»  No specialized skills or

equipment necessary

» Nearly as accurate as
traditional laboratory
methods

» Approved by EPA Region 4

for surface water monitoring
by Alabama Water Watch

e -
Bine s RS

1 ml sample with 5 E. coli colonies
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Steps For Using Coliscan

Collection of samples using sterile sample bottles

A known quantity of sample (0.5 — 5.0 ml) 1s placed
into a bottle of thawed Coliscan media and mixed

The prepared media goes into a pretreated Petri dish
to turn the liquid media into a gel

Incubation of the Petr1 Dishes occurs for 24 hours at
35-40°C
Plates are removed from the incubator and scored

QA Of Coliscan Media

Media contains inhibitors
for non-coliform bacteria

Two proprietary stains are
present in the media

Coliform bacteria turn red
and E. coli stain blue

E. coli colonies appear
dark blue to purple

1 ml sample with 6 E. coli colonies
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Sample Results From DEQ/DCLS
Comparison Study

Willis River 460
Appomattox River
Spring Creek

Buffalo Creek

Saylers Creek

Big Guinea Creek

The Project

$5,000 provided by the DEQ TMDL program to pay
for Coliscan monitoring by volunteer groups
Volunteers monitor in TMDIL. watersheds that have a
pending or approved [P

Data will help track TMDL BMP performance and
locate E. coli “hot spots” along tributaries
Volunteers sample at 10 or more sites in the
watershed at least once every month for a year

Results reported to DEQ on a quarterly basis and
forwarded to TMDL staff
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What DEQ Provides To Each
Volunteer Group

14 Coliscan kits (140
samples worth)

» Sampling equipment
(Sterile bottles, pipettes,
efe.)

Incubator

Coolers, markers, tape,
disinfectant

Hands on training

Typical equipment for volunteers

Current Coliscan Watersheds

Blacks Run and Cooks Opequon and Abrams
Creek-Rockingham Creek- Frederick
Christians Creek- Pamunkey River- King
Augusta William

Four Mile Run- City of Rattlesnake Creek™ -
Alexandria City of Richmond
Hawksbill Run- Page Three Creeks TMDL-
Holman’s Creek- Washington
Shenandoah Thumb Run- Fauquier

Mechumps Creek- Upper Powell River-
Hanover Wise
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Current Coliscan Partners*

» Seven citizen volunteer
groups

* Five high schools

» Two colleges

* Four SWCD

» Two TMDL IP
committees

WOne PDC

* Some TMDL watersheds have more
than one partner who work as a team

Volunteer learning about Coliscan

Sample Results
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Holman’s Creek Data

[ Standard
E HC04
E HC03
0 HC02
1 HCO05
W HCO06
O HCO07
O HCO8

S | | | I|I"|.||'|I.l

0 Eill 1y
Oct-05 Nov05 Dec05 Jan06 Feb06 Mar06 Apr06 May06 Jun06 Jul06 Aug06 Sep06

Cooks Creek and Blacks Run Stations and Status
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Three Creeks Watershed

E. coli per 100 ml

2000

(1]
2/26/06 3/19/06 4/9/06 4/30/06 5/21/06 6/11/06 7/2/06 7/23/06

Date

Coliscan monitoring began in February 2006

Site HB-01 showed high bacteria counts (17600 CFU)
A broken sewer line was identified as the source

Line repaired in early April

Year Two Plans

$5,000 renewal from the DEQ TMDL program

Continue work 1n current watersheds with a
new round of media

Approach four new groups to start Coliscan
monitoring in TMDL IP watersheds

New groups will be in WCRO and SCRO

By end of year two we will receive data from
16 TMDL IP watersheds
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For More Information

Contact

James Beckley
Water Quality Data Liaison
(804) 698-4025

0.VIrginia.gov

DILBERT

By Scott fidams

THAT CONCLUDES MY DID YOU INTEND THE
TWO-HOUR PRESENTA- PRESENTATION TO BE
TION. ANY QUESTIONS? INCOMPREHENSTRLE,
OR DO YOU HAVE SOME
SORT OF RARE "POUWER-
POINT* DISABILITY?

B4

ARE THERE
ANY QUESTIONS
ABOUT THE
CONTENT?

THERE WAS
g CONTENT?

2003 United Fastyre Syndionte. ins

&

Questions
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During 2004 and 2005, volunteers in Indiana and lowa were trained to assess
E. coli using both field/home lab test methods and to collect samples that
were analyzed in a state certified laboratory in lowa. Six E. coli tests were
assessed by these volunteer monitors. Following that sampling season, two
test methods were recommended for use in all 6 participating states based on
volunteer preference surveys, costs of the methods, and comparability of
results between the methods and laboratory methods. In 2005 volunteers in
MI, MN, OH, and WI initiated use of 3M Petrifilm and Coliscan Easgygel.
Volunteers in all 6 participating states continue to test these two methods in
2006.

A Dbrief description of each of the 6 test methods follows, with links to the
distributors' websites and to the National Environmental Methods Index, so
that users can find more detailed information about each method.

Coliscan Easygel (not incubated)

This test method, distributed by Micrology Laboratories, was assessed by
volunteers in Indiana and lowa. To use the kit for analysis, a small amount
(0.5-5 mL) of water sample is poured into a bottle of Coliscan Easygel and
mixed by swirling the bottle. The mixture is then poured into a labeled Petri
dish/plate, covered, and swirled to uniformly distribute the sample. After
sitting undisturbed for approximately 45 minutes, the Petri dishes are
inverted. The dishes are then left at room temperature for 48 hours, at which
time, purple/blue colonies (the E. coli colonies) on the plates are counted. E.
coli numbers are represented in colony forming units (CFU) / 100 ml of
water. For more information about this method visit the National
Environmental Methods Index.

Coliscan Easygel (incubated)

This test method, distributed by Micrology Laboratories, is being assessed in
all participating states. To use the kit for analysis, a small amount (0.5-5 mL)
of water sample is poured into a bottle of Coliscan Easygel and mixed by
swirling the bottle. Then, the mixture is poured into a labeled petri dish,
covered, and swirled to uniformly distribute the sample. After sitting
undisturbed for approximately 45 minutes, the Petri dishes are inverted and
incubated at 35 degrees C for 48 hours. Then, like with the non-incubated
Easygel method, purple/blue colonies (the E. coli colonies) on the plates are
counted. E. coli numbers are represented in colony forming units (CFU) / 100
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ml of water. For more information about this method visit the National
Environmental Methods Index.

3M Petrifilm

This test method, distributed by 3M, is being assessed in all participating
states. To use the kit for analysis, 1 mL of water sample is added to a
Petrifilm petri plate. The petri plate is then incubated at 35 degrees C for 24
and 48 hours. Blue colonies are counted after both 24 and 48 hours to see
how consistent the numbers are between incubation periods. E. coli numbers
are represented in colony forming units (CFU) / 100 ml of water. This
method is not included on the National Environmental Methods Index.

Coliscan MF Method

This test method was assessed only by volunteers in Indiana. Like the
Easygel method, this method is distributed by Micrology Laboratories. To
analyze for E. coli with this kit, a diluted sample of of water sample is poured
through a filter. An agar-based medium is then added to a petri plate and the
filter is placed on the plate. The petri plate is then covered and incubated at
35 degrees C for 24 hours. Blue/purple coloines are then counted and their
presence indicates the presence of E. coli. E. coli numbers are represented in
colony forming units (CFU) / 100 ml of water. For more information about
this method visit the National Environmental Methods Index.

Colisure Method with the IDEXX Quanti-Tray/2000

This test method is being assessed only by lowa volunteers and is distributed
by IDEXX Laboratories. To analyze for E. coli with this kit, a packet of
reagent is added to 100 mL of sample water or a diluted sample and mixed by
shaking. The mixed sample is then poured into a Quanti-Tray and sealed. The
Quanti-Tray is then incubated at 35 degrees C and read at 24 and 48 hours. A
UV light is used to determine the number of positive fecal coliform wells in
the tray that also exhibit flourescence. A conversion table comes with the kit
to determine the most probable number (MPN) of E. coli per 100 mL of
water. For more information about this method visit the National
Environmental Methods Index.

Colilert Method with the IDEXX Quanti-Tray/2000

This test kit is being assessed only by lowa volunteers and is distributed by
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http://www.idexx.com/water/colilert/index.jsp

IDEXX Laboratories. To analyze for E. coli with this Kit, a packet of reagent
is added to 100 mL of sample water or a diluted sample and mixed by
shaking. The mixed sample is then poured into a Quanti-Tray and sealed. The
Quanti-Tray is then incubated at 35 degrees C and read after 24 hours. A UV
light is used to determine the number of fecal coliform and E. coli colonies
based on the number of wells in the tray that show yellow/flourescence. (The
color change is different than with the Colisure Method.) A conversion table
comes with the kit to determine the most probable number (MPN) of E. coli
per 100 mL of water. For more information about this method visit the
National Environmental Methods Index.

Page updated June 23, 2006
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Detection of Waterborne Coliforms and E. coli with
Coliscan Easygel

Introduction:

The Coliscan Easygel medium is a patented formulation for water
testing. It contains a sugar linked to a dye which, when acted on by
the enzyme 3-galactosidase (produced by coliforms including E. coli),
turns the colony a pink color. Similarly, there is a second sugar linked
to a different dye which produces a blue-green color when acted on
by the enzyme 3-glucuronidase. Because E. coli produces both 3-
galactosidase and [3-glucuronidase, E. coli colonies grow with a
purple color (pink + blue). The combination of these two dyes makes
possible the unique ability to use one test to differentiate and quantify
coliforms and E. coli. (Because E. coli is a member of the coliform
group, add the number of purple colonies to the number of pink
colonies when counting total coliforms.)

Instructions:

Either collect your water sample in a sterile container and transport
the water back to the test site, or take a measured water sample
directly from the source and place directly into the bottle of Coliscan
Easygel. Water samples kept longer than one (1) hour prior to
plating, or any Coliscan Easygel bottle that has had a sample placed
into it for transport longer than ten (10) minutes, should be kept on ice
or in a refrigerator until plated.

1. Label the petri dishes with the appropriate sample information.
A permanent marker or wax pencil will work.

2.  Sterilely transfer water from the sample containers into the
bottles of Coliscan Easygel (Consult the following table for rough
guidelines for inoculum amount). Swirl the bottles to distribute the
inoculum and then pour the medium/inoculum mixtures into the
correctly labeled petri dishes. Place the lids back on to the petri
dishes. Gently swirl the poured dish until the entire dish is covered
with liquid (but be careful not to splash over the side or on the lid).
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Inoculation of Coliscan Easygel
Water Sources Inoculum Amount

Environmental: 1.0to 5.0 mL
river, lake, pond,
stream, ditch

Drinking water: 5.0 ml
well, municipal, bottled

3.  The dishes may be placed right-side-up directly into a level
incubator or warm level spot in the room while still liquid.
Solidification will occur in approximately 40 minutes.

4. Incubate at 35° C (95° F) for 24 hours, or at room temperature
for 48 hours. (See comments on incubation)

5. Inspect the dishes

a. Count all the purple colonies on the Coliscan dish
(disregard any light blue, blue-green or white colonies) , and report
the results in terms of E. coli per ml of water. NOTE: To report in
terms of E. coli per 100 ml of water, first find the number to multiply
by. To do this: first, divide 100 by the number of ml that you used for
your sample. Then, multiply the count in your plate by the result
obtained from #1. For example, a 3 ml sample, 100/ 3 = 33.3. So, 4
E. coli colonies multiplied by 33.3 will equal 133.2 E. coli per 100 ml
of water.

b. Count all the pink and purple colonies on the Coliscan
dish (disregard any light blue, blue-green or white colonies) and
report the results in terms of coliforms per ml of water.

6. Do one of the following prior to disposal in normal trash:

a. Place dishes and Coliscan bottles in a pressure cooker
and cook at 15 Ibs. for 15 minutes. This is the best method.

b. Place dishes and Coliscan bottles in an ovenproof bag,
seal it, and heat in an oven at 300° F for 45 minutes.

C. Places dishes and Coliscan bottles in a large pan, cover
with water and boil for 45 minutes.
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d. Place 5 ml (about 1 teaspoon) of straight bleach onto the
surface of the medium of each plate. Allow to sit at least 5 minutes.
Place in a watertight bag and discard in trash.

Comments on Incubation:

Micrology Laboratories, LLC in-house studies indicate that Coliscan
can effectively differentiate general coliforms from E. coli when
incubated at either room temperatures or at elevated temperatures
(such as 90-98° F). However, some further explanation may be
helpful.

There is no one standard to define room temperature. Most would
consider normal room temperature to vary from 68-74° F, but even
within this range the growth of bacteria will be varied. Members of
the bacterial family Enterobacteriaceae (which includes coliforms
and E. coli*) are generally hardy growers that prefer higher than
room temperatures, but which will grow at those temperatures. They
tend to grow at a faster rate than most other bacterial types when
conditions are favorable. It is therefore logical to try to place
inoculated dishes in a "warm" place in a room for incubation if a
controlled temperature incubator is not available. It is a very easy
task to make an adequate incubator from a box with a 40-60 watt
bulb in it to provide heat at an even rate. One can also use a heat
tape such as it is used to prevent the freezing of pipes in the winter
as your heat source.

Our general instructions indicate that incubation times for coliforms
(including E. coli) are generally 24-48 hours at elevated
temperatures (90-98° F) and 48 or more hours at room
temperatures. At elevated temperatures, no counts should be made
after 48 hours as any coliforms present will be quite evident by that
time and if new colonies form after 48 hours as any coliforms present
will be quite evident by that time and if new colonies form after 48
hours they are most likely not coliforms, but some other type of slow
growing organisms that should not be included in your data. At room
temperatures, the best procedure is to watch the plates by checking
them at 10-12 hour intervals until you observe some pink or purple
colonies starting to form and then allowing another 24-30 hours for
the maturation of those colonies. Since the coliforms (including E.
coli) are generally the faster growing organisms, these will be the
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first to grow and be counted. Colonies that may show up at a later
time are likely to not be coliforms. As you can see, there are
advantages to incubating your dishes at elevated temperatures.
First, you can count the results earlier. At 95° F, it is often possible to
do accurate counts at 18-20 hours of incubation. There is also less
probability of variation from batch to batch when the incubation
temperatures are kept at one uniform level. And a higher incubation
temperature will tend to inhibit the growth of non-coliforms that may
prefer lower temperatures.

*E. coli is the primary fecal coliform, however, Klebsiella is
sometimes of fecal origin. Other general coliform genera include
Enterobacter and Citrobacter.

Interpretation of Results

This test method utilizes well established, widely accepted criteria for
the recognition of coliforms and E. coli and proper application of the
method will result in accurate results. Therefore, if you suspect that
your water is dangerously contaminated based on the results you get
using Coliscan Easygel, you should contact your local health
department and ask for their help in performing an official
assessment of water.

Non-fecal coliforms are widely distributed in nature, being found both
as naturally occurring soil organisms, and in the intestines of warm-
blooded animals and humans. Fecal coliforms are coliforms found
naturally only in the intestines of warm-blooded animals and
humans. Fecal coliform contamination is therefore the result of some
form of fecal contamination. Sources may be either animal or
human.

General Notes on Differentiating Coliforms and E. coli
Generally, water containing E. coli (the fecal contamination indicator
organism) should not be used for drinking water unless it is sanitized
in some manner. Contact your local health department for guidelines
regarding E. coli and coliforms in recreational waters. Inform them if
you suspect that contamination may be occurring from a specific
source.
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Colonies which have the blue-green color are not exhibited any 13-
galactosidase activity (which is evidenced by the pink color).
Because of this, they are not considered to be either coliforms or E.
coli and therefore should be ignored when counting your coliform or
E. coli colonies. Similarly, colonies which are white are exhibiting
neither color-causing enzyme, and should also be ignored.

Colonies on the surface of the plate are exposed to the medium on
only the underside of the colony. This causes these colonies to
appear with much less of the indicator color. E. coli colonies may
only have a slight purple tinge to them, and it may appear only in the
center of the colony with the remainder of the colony being white.
Similarly, coliforms on the surface may be light pink or white with a
pink center.
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Detection of Waterborne Coliforms and Fecal Coliforms
with Coliscan® Easygel®

Introduction

The Coliscan Easygel medium is a patented formulation for water testing. It
contains a sugar linked to a dye which, when acted on by the enzyme p-
galactosidase (produced by coliforms including E. coli), turns the colony a
pink color. Similarly, there is a second sugar linked to a different dye which
produces a blue-green color when acted on by the enzyme p-glucuronidase.
Because E. coli produces both p-galactosidase and p-glucuronidase, E.Coli
colonies grow with a purple color (pink + blue). The combination of these
two dyes makes possible the unique ability to use one test to differentiate
and quantify coliforms and E. coli. (Because E. coli is a member of the
coliform group, add the number of purple colonies to the number of pink
colonies when counting total coliforms.)

® Coliscan and Easygel are registered trademarks of Micrology
Laboratories, LLC.

To order, call VVoigt Global Distribution Inc sales@VGDLLC.com
www.VGDLLC.com

In the USA, call Toll Free: 1-877-484-3552

Instructions

1. Either collect your water sample in a sterile container and transport the
water back to the test site, or take a measured water sample directly from the
source and place directly into the bottle of Coliscan Easygel. Water samples
kept longer than 1 hour prior to plating, or any Coliscan Easygel bottle that
has had sample placed into it for transport longer than 10 minutes, should be
kept on ice or in a refrigerator until plated.

2. Label the petri dishes with the appropriate sample information. A
permanent marker or wax pencil will work.

3. In a sterile manner, transfer water from the sample containers into the
bottles of Coliscan Easygel (Consult the following

table for rough guidelines for inoculum amount). Swirl the bottles to
distribute the inoculum and then pour the medium/inoculum mixtures into
the correctly labeled petri dishes. Place the lids back on to the Petri dishes.
Gently swirl the poured dish until the entire dish is covered with liquid (but
be careful not to splash over the side or on the lid).

61



Inoculation of Coliscan Easygel

Water Sources Inoculum Amount

Environmental: River, lake, pond, stream, ditch 1.0 ~ 5.0mL

Drinking water: Well, municipal, bottled 5.0mL

4. The dishes may be placed right-side-up directly into a level incubator or
warm level spot in the room while still liquid. Solidification will occur in
approximately 45 minutes.

5. Incubate at 35° C (95° F) for 24 hours, or at room temperature for 48
hours, (see Comments on incubation)

6. Inspect the dishes.

a. Count all the purple colonies on the Coliscan dish (disregard any light
blue, blue-green or white colonies), and report the results in terms of E. coli
or Fecal Coliform per mL of water.

Note: To report in terms of E. coli or Fecal Coliform per 100 mL of water,
first find the number to multiply by:

1. Divide 100 by the number of mL that you used for your sample.

2. Multiply the count in your plate by the result obtained from #1.

e.g. For a 3 mL sample, 100/3 =33.3. So, 4 E. coli colonies multiplied by
33.3 will be equal to 133.2 E. coli per 100 mL of water.

b. Count all the pink and purple colonies on the Coliscan dish (disregard any
light blue, blue- green or white colonies) and report the results in terms of
coliforms per mL of water.

7. Do one of the following prior to disposal in normal trash:

a. Place dishes and Coliscan bottles in a pressure cooker and cook at 15 Lbs.
for 15 minutes.(This is the best method.)

b. Place dishes and Coliscan bottles in an oven-proof bag, seal it, and heat in
an oven at 300° F for 45 minutes.

c. Place dishes and Coliscan bottles in a large pan, cover with water and boil
for 45 minutes.

d. Place 5 mL (about 1 teaspoon) of straight bleach onto the surface of the
medium of each plate.

Allow to sit at least 5 minutes. Place in a water-tight bag and discard in
trash.

Comments on Incubation

Micrology Laboratories, LLC. in-house studies indicate that Coliscan can
effectively differentiate general coliforms from E. coli when incubated at
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either room temperatures or at elevated temperatures (such as 90-98° F).
However, some further explanation may be helpful.

There is no one standard to define room temperature. Most would consider
normal room temperature to vary from 68-74° F, but even within this range
the growth of bacteria will be varied. Members of the bacterial family
Enterobacteriaceae (which includes coliforms and E. coli ) are generally
hardy growers that prefer higher than room temperatures, but which will
grow at those temperatures. They tend to grow at a faster rate than most
other bacterial types when conditions are favorable. It is therefore logical to
try to place inoculated dishes in a "warm" place in a room for incubation if a
controlled temperature incubator is not available. It is a very easy task to
make an adequate incubator from a box with a 40-60 watt bulb in it to
provide heat at an even rate. One can also use a heat tape such as is used to
prevent the freezing of pipes in the winter-as your heat source.

Our general instructions indicate that incubation times for coliforms
(including E. coli*) are generally 24-48 hours at elevated temperatures (90-
98° F) and 48 or more hours at room temperatures. At elevated temperatures,
no counts should be made after 48 hours as any coliforms present will be
quite evident by that time and if new colonies form after 48 hours they are
most likely not coliforms, but some other type of slow growing organism
that should not be included in your data. At room temperatures, the best
procedure is to watch the plates by checking them at 10-12 hour intervals
until you observe some pink or purple colonies starting to form and then
allowing another 24-30 hours for the maturation of those colonies. Since the
coliforms (including £. coif) are generally the fastest growing organisms,
these will be the first to grow and be counted. Colonies that may show up at
a later time are likely to not be coliforms. As you can see, there are
advantages to incubating your dishes at elevated temperatures. First, you can
count the results earlier. At 95° F, it is often possible to do accurate counts at
18-20 hours of incubation. There is also less probability of variation from
batch to batch when the incubation temperatures are kept at one uniform
level. And a higher incubation temperature will tend to inhibit the growth of
non-coliforms that may prefer lower temperatures.

*E.coli is the primary fecal coliform, however, Klebsiella is sometimes of
fecal origin. Other general coliform genera include

Enterobacter and Citrobacter.

Interpretation of Results

This test method utilizes well established, widely accepted criteria for the
recognition of coliforms and E. coli and proper application of the method
will result in accurate results Therefore, if you suspect that your water is
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dangerously contaminated based on the results you get using Coliscan
Easygel, you should contact your local health department and ask for their
help in performing an official assessment of the water.

Non-fecal coiiforms are widely distributed in nature, being found both as
naturally occurring soil organisms, and in the intestines of warm-blooded
animals and humans. Fecal coliforms are coliforms found naturally only in
the intestines of warm-blooded animals and humans. Fecal coliform
contamination is therefore the result of some form of fecal contamination.
Sources may be either animal or human.

General Notes on Differentiating Coliforms and E.Coli

Generally, water containing E coli (the fecal contamination indicator
organism) should not be used for drinking water unless it is sanitized in
some manner. Contact your local health department for guidelines regarding
E. coli and coliforms in recreational waters. Inform them if you suspect that
contamination may be occurring from a specific source.

Colonies which have the blue-green color are not exhibiting any p-
galactosidase activity (which is evidenced by the pink color). Because of
this, they are not considered to be either coliforms or E. coli and therefore
should be ignored when counting your coliform or E. coli colonies.
Similarly, colonies which are white are exhibiting neither color-causing
enzyme, and should also be ignored.

Colonies on the surface of the plate are exposed to the medium on only the
underside of the colony. This causes these colonies to appear with much less
of the indicator color. E. coli colonies may only have a slight purple tinge to
them, and it may appear only in the center of the colony with the remainder
of the colony being white. Similarly, coliforms on the surface may be light
pink or white with a pink center.

Background information on Coliscan® Easygel®

Coliform bacteria are members of the family Enterobacteriaceae and are
defined as gram negative, non-spore-forming rods

which ferment the sugar lactose with the evolution of gas and acids. Many
coliforms are normally found in soil and water and

do not necessarily indicate the presence of fecal contamination, but
Escherichia coli (E. coli) is a primary bacterium in the

human and animal intestinal tract and its presence in food or water indicates
fecal contamination. Therefore, E. coli is the

coliform that is used as an indicator for fecal contamination. Other coliform
genera include Citrobacter, Enterobacter and
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Klebsiella. The US EPA acknowledges that E. coli is the best indicator of
health risk in fresh water and is currently recommending testing for E. coli
instead of fecal coliforms. The term "fecal coliform™ indicates coliforms
which will grow at a temperature of 44.5° C. This is not an accurate
designation as there are coliforms of non-fecal origin that will grow at 44.5°
C and there are strains of E. coli that will not grow at 44.5° C.

Traditional tests for coliforms and E. coli or fecal coliforms require the
inoculation of media containing lactose, incubation under carefully
controlled temperatures, and examination for the presence of gas from
lactose fermentation. Additional special media must then be inoculated and
incubated at elevated, carefully controlled temperatures to confirm the
presence of E. coli or fecal coliforms. All these require extra equipment and
careful regulation of time and temperature. This approach is not only
expensive and time consuming, but can be less than precise in indicating the
numbers of specific organisms present.

As a result of the difficulties and lack of precision inherent in the older
technology, new approaches have been developed and are being used very
successfully. One of the best approaches is based on the fact that in order for
coliforms to ferment lactose, they must produce certain enzymes which can
be identified and used to verify the presence of the coliforms. General
coliforms produce the enzyme galactosidase in lactose fermentation and E.
coli produces the enzyme glucuronidase in addition to galactosidase.
Coliscan Easygel utilizes this information to produce a simple, accurate and
guantitative method of identifying and differentiating coliforms and E. coli
(true fecal coliform) from other bacteria in water and other types of samples.
This patented method incorporates two special chromogenic substrates
which are acted upon by the enzymes galactosidase and glucuronidase to
produce pigments of different colors. To identify the presence and numbers
of coliforms and E. coli, Just add a test sample to the medium, pour it into a
pretreated petri dish and incubate it at room temperature or at a higher
controlled temperature (35° C. is suggested). General coliforms will produce
the enzyme galactosidase and the colonies that grow will be a pink color. E.
coli will produce galactosidase and glucuronidase, and will grow as
blue/purple colonies. It is a simple task to count the blue/purple colonies as
E coli and the pink colonies as other coliforms. The sum of the E. coli and
the other coliforms is the total coliform number.

Any non-colored colonies that grow in/on the medium are not coliforms or
E. coli, but may be members of the family enterobacteriaceae such as
Salmonella, Shigella, Proteus, etc. Likewise, it is possible that samples may
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contain some unusual types or strains of related organisms which produce
only the enzyme glucuronidase and not the enzyme galactosidase, and these
will grow as teal green colonies. Any non-colored or teal green colonies that
grow on/in Coliscan Easygel should not be counted as E. coli or coliforms
without further biochemical testing. It is possible that they are very unusual
forms of coliform or E coli, or significant other bacterial types which should
not be ignored, especially if they occur in large numbers.

Since Coliscan contains inhibitors, most other bacterial types do not grow
infon it. Coliscan is best incubated at 30-37° C. (85-99° F) as coliforms grow
faster at this temperature range than at lower room temperatures. At this
range, counts can normally be made at 24 hours, while at lower room
temperatures, counts may be best at 36-48 hours.

The beauty of the Coliscan method is that it uses proven and accepted
technology to allow anyone to do effective coliform/E.

coli testing. For water testing, you can add up to a 5 ml_ sample of water to
the bottle of medium that makes one petri plate. This will detect as small a
number of coliforms or E. coli as one living bacterium in five milliliters of
water. The method is also easily adapted for large samples with membrane
filter use. Beware of copycat methods by other manufacturers who claim
similar red and blue colors for coliforms and fecal coliforms, but whose
results are unreliable due to inferior technology. They cannot legally copy
the patented Coliscan technology.
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Coliscan® Easygel® Colony Color Guide

The left half of the photo (#1-4) consists of colonies of E coli (#1A, 1B) and
Enterobacter aerogenes (#2, 3, 4) growing in/on Coliscan® Easygel®
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medium. The right half of the photo (#5, 6, 7) represents the appearance of
organisms other than E. coli or coliforms.

1A- Two E. coli CFU (colony forming units) showing purple color with
obvious pink diffused halos. Fecal coliform. (Glucuronidase +,
Galactosidase +)

1B- E. coli CFUs blue/purple color with minimal pink halos. Fecal coliform.
(Glucuronidase +, Galactosidase +)

2 - Enterobacter aerogenes CFUs as dark, solid pink color. Non-fecal
coliform, (Contain no blue/purple) (Glucuronidase -, Galactosidase +)

3 - Enterobacter aerogenes CFUs as light pink color. Non-fecal coliform
(Glucuronidase -, Galactosidase +)

4 - Enterobacter aerogenes CFUs spread on surface of medium.(2 original
colonies) Non-fecal coliform. (Glucuronidase -, Galactosidase +)

5 - Teal green CFU growing on surface of medium. (Glucuronidase +) This
colony type should not be counted as E. coli or coliform

6 - Teal green CFU growing in the medium. (Glucuronidase +) This colony
type should not be counted as E. coli or coliform.

7 - Colorless CFU (indicates no Glucuronidase or Galactosidase activity).
This colony tvpe should not be counted as E. coli or coliform.

® Coliscan and Easygel are registered trademarks of Micrology
Laboratories, LLC.

To order, call VVoigt Global Distribution Inc Tel: 877-484-3552
sales@VGDLLC.com www.VGDLLC.com
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INTRODUCING THE NEW
Coliscan® Easygel ® Plus* & Coliscan ® MF Plus*
for the
Identification and Differentiation
of
E. coli and Other Coliforms

The new Coliscan® Easygel® Plus does everything that the original
Coliscan® Easygel® does, plus it allows those who may be unsure of
the difference in color of the colonies growing in the medium to very
easily verify that the colony is or is not glucuronidase positive. (That
is, does it have blue color verifying it as E. colior is it just a deep
magenta and therefore a general coliform?) All that is needed is a
long wave UV light source (available from Micrology Labs or other
sources) and a dark room for viewing.

Your Coliscan® Easygel dishes and colonies will look identical to the
original Coliscan® Easygel dishes with Blue/purple £. coliand
pink/magenta other coliforms visible in ambient day or room light, but
when you turn off the lights and shine the long wave UV on the
bottom of the dish, any E. co/i will be surrounded by a bright bluish
fluorescent zone.

This application of two enzyme substrates testing for the same
enzyme means that you have double verification for the presence of
E. coli. It also means that the presence of E£. col/imay be detected and
quantified as early as 12 hours incubation time.
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ANNEX 6

OTHER LOW COST METHODS
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July 27, 2006

Purdue creates new low-cost system to detect
bacteria

WEST LAFAYETTE, Ind. — Researchers at Purdue
University have developed a new low-cost system that
analyzes scattered laser light to quickly identify bacteria
for applications in medicine, food processing and
homeland security at one-tenth the cost of conventional
technologies.

The technique — Bacteria Rapid Detection Using

Optical Scattering Technology — works by shining a
laser through a petri dish containing bacterial colonies
growing in a nutrient medium.

"Unlike conventional methods, we don't have to do any
biochemical staining, DNA analysis or other types of
manipulation,"” said Bartek Rajwa, a staff scientist at the
Bindley Bioscience Center in Purdue's Discovery Park, the
university's hub for interdisciplinary research.

Particles of light, called photons, bounce off of the
colony, and the pattern of scattered light is projected
onto a screen behind the petri dish. This "light-scatter
pattern" is recorded with a digital camera and analyzed
with sophisticated software to identify the types of
bacteria growing in colonies.

"There are potentially thousands of applications for this
new technology, from identifying stem cells to drug-
resistant staph infections to pathogens on the
battlefield." said ]J. Paul Robinson, a researcher at the
Bindley Center and a professor in the Weldon School of
Biomedical Engineering and the School of Veterinary
Medicine.
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The work was initiated by Arun Bhunia, a professor of
food microbiology in the Department of Food Science;
and E. Daniel Hirleman, a professor and William E. and
Florence E. Perry Head of Purdue's School of Mechanical
Engineering. Findings are detailed in a research paper
appearing this month in the Journal of Biomedical Optics.

Hirleman has specialized in research to develop new
types of sensors that work by analyzing light scattering
off objects for applications such as detecting impurities
on silicon wafers in computer chip manufacturing and
measuring the size and speed of fuel droplets in jet
engines.

"We adapted some ideas from that research to build a
scatterometer for food safety, and now we're using the
second generation of that instrument," Hirleman said.

A major motivation for the research is to reduce the time
it takes for industry to identify harmful organisms in food
processing. Scientists in food-processing plants routinely
grow cultures to test for dangerous pathogens.

"The dairy industry, for example, grows bacteria on petri
dishes to make sure products are safe, but industry is
trying to develop technologies that will very quickly
identify organisms," Robinson said. "The same sort of
thing holds true for clinical microbiology and other
laboratories. With our light-scattering method, it takes
less than five minutes to identify harmful organisms after
they have grown in a petri dish. The analysis is faster
than any other methods in existence, and it's simple."

The technique might be used to identify staph infections
that are resistant to antibiotics.

"This is an extremely dangerous infection, and you want
to catch it as early as possible," Robinson said.
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A mass-produced system based on the technology would
consist of inexpensive, off-the-shelf hardware, such as
red lasers and low-resolution digital cameras available at
consumer electronics stores, and likely would cost less
than $1,000, Hirleman said.

A critical part of the technique was made possible by
adapting a mathematical method created in 1934 by
Dutch physicist Fritz Zernike, who created a set of
mathematical "descriptors" subsequently called radial
Zernike polynomials. These descriptors can be used to
analyze how light-wave patterns are distorted after
passing through lenses having complex flaws or
aberrations.

Individual bacterial colonies growing in a petri dish also
distort light passing through them, just as a lens
changes light-wave patterns.

"Therefore, we can treat the colonies as lenses and use
Zernike polynomials,”" Rajwa said.

Factors such as the shape of bacteria, their refractive
indexes — or how much they bend light — the types of
substances secreted by a particular bacterium and the
distance between individual bacteria in a colony, all
contribute to how a colony distorts light. The procedure
identifies a bacterial colony by comparing an image of its
scatter pattern against a template that contains 120
features described by Zernike polynomials.

"A good analogy is the method used by law enforcement
to identify a person's face using specialized recognition
software," Rajwa said. "You could describe the face as
being made up of a combination of geometric shapes,
like ovals, squares and triangles, but each face has a
unique blend of these shapes. We did something similar.
We reduced complicated scatter patterns to 120 numbers
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based on Zernike polynomials.”

This reduced collection of numbers describes how well
the colony fits the template, and then pattern recognition
software is used to classify the bacteria.

"One of the most important developments is being able
to convert images to numbers, which makes it possible
to classify the patterns," Rajwa said. "We are able to
take images and convert them to numbers that uniquely
describe every picture."

The researchers used the new system to classify six
species of listeria, only one of which is a dangerous food-
borne pathogen for humans.

"If you have a mixture of different listeria, you would like
to know which is the one that can kill you," Rajwa said.
"We took pictures of the scatter patterns from different
listeria, and we were able to classify all of them
accurately."”

The system also was able to accurately identify other
types of bacterial colonies, including salmonella, vibrio,
E. coli and bacillus.

"We were able to classify bacterial colonies with greater
than a 90 percent probability of being correct, which is
as good as you could do with equipment costing more
than $100,000, " Rajwa said. "And, unlike conventional
systems, our method is 100 percent non-invasive, which
means we can carry out the procedure without staining,
manipulating or killing the biological samples.

"The power of this technology is that it does not require
complicated lab equipment, and it could be designed so
that it wouldn't require someone with a doctoral degree
to operate. The whole beauty of the system is you don't
invade the biological environment that you want to
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measure," Rajwa said. "If you are working with stem
cells, you don't want to stain them to see if they are
stem cells. You want to be able to look at colonies on a
petri dish without touching the colonies, without staining
or destroying the colonies."

The research has recently received funding from the U.S.
Department of Agriculture through Purdue's Center for
Food Safety Engineering.

Further work will include research to develop a graphical
user interface.

"Now it requires a qualified, trained person to do all the
recognition,” Rajwa said. "We want a system where you
can actually put a petri dish or some other container into
the system, you press enter and the computer says,
‘This is salmonella of this type and this strain, ' and it
does this quickly in real time. There is absolutely no
fundamental reason why we wouldn't be able to do this,
and we are pretty close to having an actual prototype of
a product that could be commercialized."

A provisional patent has been filed for the data-
processing technique, and a full patent application has
been filed on the underlying light-scattering technology.

The paper published in the Journal of Biomedical Optics
was written by Bulent Bayraktar, a postdoctoral
researcher working with Robinson; Padmapriya P.
Banada, a postdoctoral researcher in the Department of
Food Science; Hirleman, Bhunia, Robinson and Rajwa.

Writer: Emil Venere, (765) 494-4709,
venere@purdue.edu
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Sources: J. Paul Robinson, (765) 494-0757,
ipr@flowcyt.cyto.purdue.edu

Bartek Rajwa, (765) 494 0757,
rajwa@flowcyt.cyto.purdue.edu

Arun Bhunia, (765) 494-5443, bhunia@purdue.edu

E. Daniel Hirleman, (765) 494-5688,
hirleman@ecn.purdue.edu

Purdue News Service: (765) 494-2096;
purduenews@purdue.edu

Note to Journalists: An electronic or hard copy of the
research paper is available from Emil Venere, (765) 494-
4709, venere@purdue.edu.

PHOTO CAPTION:

Arun Bhunia (standing) and Padmapriya Banada use a
laser and a computer monitor to observe scatter patterns
in a petri dish in their Purdue University lab. The
technique may provide cost-cutting applications for
medicine, food processing and homeland security.

Bhunia is a professor of food microbiology, and Banada is
a postdoctoral researcher. (Purdue University photo/Tom
Campbell.)

A publication-quality photo is available at
http://news.uns.purdue.edu/images/+2006/bhunia-
scatter.jpg
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ABSTRACT

Feature extraction from light-scatter patterns of
Listeria colonies for identification and classification

Bulent Bayraktar', Padmapriya P. Banada®, E. Daniel
Hirleman’, Arun K. Bhunia?, J. Paul Robinson®, Bartek
Rajwa’

Ipurdue University, Bindley Bioscience Center, Purdue
University Cytometry Laboratories, Department of
Electrical and Computer Engineering, West Lafayette,
Indiana 47907

2Purdue University, Molecular Food Microbiology
Laboratory

’Purdue University, School of Mechanical Engineering

4 Purdue University, Bindley Bioscience Center, Purdue
University Cytometry Laboratories, Department of Basic
Medical Sciences, School of Veterinary Medicine and
Weldon School of Biomedical Engineering

> Bindley Bioscience Center, Purdue University Cytometry
Laboratories, Department of Basic Medical Sciences

Bacterial contamination by Listeria monocytogenes not
only puts the public at risk, but also is costly for the
food-processing industry. Traditional biochemical
methods for pathogen identification require complicated
sample preparation for reliable results. Optical scattering
technology has been used for identification of bacterial
cells in suspension, but with only limited success.
Therefore, to improve the efficacy of the identification
process using our novel imaging approach, we analyze
bacterial colonies grown on solid surfaces. The work
presented here demonstrates an application of
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computervision and pattern-recognition techniques to
classify scatter patterns formed by Listeria colonies.
Bacterial colonies are analyzed with a laser
scatterometer. Features of circular scatter patterns
formed by bacterial colonies illuminated by laser light are
characterized using Zernike moment invariants. Principal
component analysis and hierarchical clustering are
performed on the results of feature extraction.
Classification using linear discriminant analysis, partial
least squares, and neural networks is capable of
separating different strains of Listeria with a low error
rate. The demonstrated system is also able to determine
automatically the pathogenicity of bacteria on the basis
of colony scatter patterns. We conclude that the obtained
results are encouraging, and strongly suggest the
feasibility of image-based biodetection systems.
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ANNEX 7

PETRI FILM

OTAL COUNT - COLIFORM -E.COLI
COLIFAST
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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. FEECAL
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 E. coli/coliform
count plate 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

2 aerobic count petrifilms

1 ml pipettes

scissors

2-99 ml phosphate dilution containers
humidified container to incubate petrifilm plates
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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
aliguot 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 petrifiims.

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.

3. After counting the clear film covers can be lifted, and the colonies
can be used for testing or staining.
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AEROBIC COUNT PLATE:
There is a red indicator dye in the media gel that
.~ colors the colonies.
. Count all red colonies of any size or intensity of red.

'COLIFORM COUNT PLATE:

The pH indicator violet red is incorporated into the
gel, along with bile which inhibits gram positive

. Ibacteria. In addition, there is an indicator of the
2lenzyme glucuronidase which will turn blue if the
bacterium makes the enzyme. You may also see
carbon dioxide gas bubbles 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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3M™ Petrifilm™ E. coli count

( Arrow Scientific )

The top film of the Petrifilm plate traps gas (seen as bubbles)
produced by coliforms, providing “confirmed” counts. In addition, a
glucoronidase indicator forms a blue precipitate around any E. coli
colonies that may be present. Results in 24 hours. No extra
confirmation steps required.

Fast, Accurate, Results in either 24 or 48 hours with three easy
steps:

1) Inoculate - 3M™ Petrifilm™ Plates are easy to inoculate. Lift the
top film and add sample

2) Incubate - The space saving design maximizes incubator space
and

3) Enumerate - Confirmed coliforms are red and blue colonies with
associated gas bubbles. Confirmed E. coli coliforms are blue colonies
with associated gas bubbles. A built-in grid facilitates counting
colonies, giving you fast, precise and accurate results.

This Petrifilm Plate can also be read in 4 seconds using the 3M™
Petrifilm™ Plate Reader.

Increased Productivity. Reduced Costs.

Quick & easy confirmed test results provide you with better
information to make the right decisions. 3M™ Petrifilm™ E.
coli/Coliform Count Plates provide the most cost-effective,
convenient and reliable confirmation method for testing equipment,
raw materials, food products and the manufacturing environment
enabling you to monitor critical control points more frequently. A
survey of 274 plants who converted to Petrifilm Plates from
traditional agar methods found an average labor savings of 45% and
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an average increased technician efficiency of 80%. The end result is
higher quality product, better process control and an overall
reduction in operational costs.

Note that E. coli O157:H7 is glucoronidase negative and will not
produce a blue precipitate.

Note: Most E. coli (about 97%) produce beta-glucoronidase which
produces a blue precipitate associated with the colony.

The top film of the Petrifilm plate traps gas produced by the lactose
fermenting coliforms and E. coli. About 95% of E. coli produce gas,
indicated by blue to red-blue colonies associated with entrapped gas
on the Petrifilm EC plate (within approximately one colony
diameter). AOAC international and U.S. FDA Bacteriological
Analytical Manual (BAM) define coliforms as gram-negative rods
which produce acid and gas from lactose during

fermentation. Coliform colonies growing on the Petrifilm EC plate
produce acid which causes the pH indicator to make the gel colour
darker red. Gas trapped around red coliform colonies on the
Petrifilm plate indicates confirmed coliforms.

Click here to download a brochure for more information.

Click here to download instructions & interpretation quide.

Video of Tips on how to use Petrifilm plates with a foam dam.
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APPLICATIONS

Assessing microbial water quality is a central function in total water
guality management.

The Colifast Analyser is a semi-automated early warning system for
rapid and systematic water quality monitoring.

Tests for thermotolerant coliforms /E.coli, total coliforms, Total Viable
Organisms and P. aeruginosa, are available. The Colifast Analyser can
also be used for detecting coliforms in pasteurised milk.

* Emergency testing

- Flood water management

- Effluent line cross-contamination

- Mains breakages

« Water monitoring

- Source water quality

- Surface and groundwater

- Non-disinfected waters

- Marine and recreational waters

» Operational testing

- Systems maintenance testing

» Beverage and bottled water production

* Industrial process water in food and pharmaceutical industries

» Research application work

* Pasteurised milk

THE COLIFAST ANALYSER PROCEDURE

Photo 1. Add sample directly to Colifast medium, or Photo 2. Filter
sample to concentrate and aseptically place membrane filter in vial
containing liquid medium. Photo 3. Register samples, place vials in
incubator blocks and press "Start". Photo 4. A result report is
automatically generated.
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BENEFITS & FEATURES

» Rapid results, e.g., Coliform results are obtained within 2-12 hours
(18-24 h for traditional methods).

« Automated analysis = Easy-to-use. After addition of the test sample
to the Colifast medium and registration, only hit "Start", and the Colfast
Analyser performs the analysis automatically.

« Remote warning system. The Colifast Analyser’s remote warning
system gives automatic and early warning of positive sample status
allowing earlier operational decisions by e-mail.

* More frequent sub-sampling = faster results. Automatic sub-sampling
allows more frequent analyses without increasing labour. Faster results
ensure better control of water and safety for

the public.

 Time saving = cost saving. Rapid results for rapid decisions reduces
release time of product.

 Multiple sample loading for all day testing. Multiple sample batches
can be loaded and tested simultaneously throughout a work-shift
according to the day’s testing requirements.

» Customised test runs for specific testing regimes. Test run
parameters can be customised for specific testing
matrices/requirements. Test confidence levels can be adjusted for

91



earlier reporting of positive results, according to experience with local
water sources and test regimes.

Perfomance for detection of thermotolerant coliforms / E.coli

DETECTION PRINCIPLE

The patented Colifast technology combines a selective growth medium
with an automated analyser. The growth medium for coliforms and
thermotolerant coliforms includes the substrate 4-methylumbelliferyl-R3-
D-galactoside, which fluoresces after hydrolysis by the 3-galactosidase
enzyme present in coliform bacteria. The reaction is illustrated in the
figure below.

Differential incubation temperatures of 44-44.5 °C and 35-37 °C are
used to distinguish between thermotolerant coliforms and total
coliforms respectively. Inhibitors suppress the growth of nontarget
organisms. Media for TVO and P. aeruginosa, containing other
fluorogenic substrates, are also available.

The fluorescence is monitored by the Colifast Analyser. Advanced
software controls the testing process and subsequent data handling
and reporting.
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TECHNICAL SPECIFICATIONS

Power

* Electrical input: 110-240 VAC 50/60 Hz
Environmental

» Temperature: 10-30 °C

* Relative humidity: <90%

Computer requirements

* Type: IBM compatible

» Speed: Pentium 133 or greater

* Memory: 32 MB or greater

» Hard Drive Capacity: 1 GB Hard Drive

» Operating system: Windows 95/98 /NT

* Mouse: Bus Mouse

 Graphics: VGA graphic card 1 MB RAM on-board
» Com Port: 1 free high speed Com port
Please contact Colifast® for further information
and technical notes:

Design

93



94



ANNEX 8

ATP RAPID METHOD
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What is the IMS/ATP rapid method

The immunomagnetic separation/adenosine triphosphate (IMS/ATP) rapid

method
™ P N requires
( ! : approximat
e Sl ely 1 hour
Uien | |of
* A from
‘\* X e )
e : x sample
N " collection
* @
A * *ﬂ A to
\4 I " availability
—— — of results.
Add antibody- Mix sample so Use a strong Magnetic
coated beads to target bacteria magnet to pull beads that
water sample. are captured by bacteria-antibody- €aas tha
the beads. bead complex are Coated
with

antibodies for either Escherichia coli (E. coli) or enterococci are added to a
water sample. This mixture is then subjected to IMS, in which the bacteria-
antibody-bead complex is separated from extraneous materials in the sample
by use of a strong magnet. Following several wash/concentration steps, the
bacterial cells are ruptured by an enzymatic process, releasing ATP, which is
the energy molecule found in living cells. The amount of ATP in the sample is
measured with a microluminometer and results are reported in relative light
units (RLUSs).
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Dr. Donald Wayne Salter

Department: Biological and Environmental Sciences

Title of Project: Evaluation of a Polymerase Chain Reaction Method for Determining
the Source of Fecal Contamination of Consumable and Environmental Alabama Waters

Dates of Activity:  October 1, 2002 through September 30, 2003

Project Summary

Review of the Literature

Fecal contamination of wells, ground waters, and recreational waters is
generally measured by the presence of indicator microorganisms such as
fecal coliforms (e.g. Escherichia coli) or fecal streptococci (Streptococcus or
Enterobacter faecalis) and, perhaps, other fecal-specific microorganisms.
These microbes are generally considered to be present exclusively in the
feces of most warm-blooded animals. Fecal contamination can come from
human sources such as defective septic systems or inadequate sewage
treatment, or from non-human sources such as companion animals (dogs and
cats), commercial animal operations (cattle, pig, poultry, horse, etc.), and
wild animals (deer, birds, etc.) or from both sources. Until recently, there has
not been much interest in determining the source of fecal contamination of
waters; the presence of indicator microorganisms indicates that the waters are
unfit for human consumption and other uses as well. However, it is clear that
the increase in the world's population, a projected increase in intensive
animal farming, and the failure of aging septic systems will likely increase
the frequency of fecal contamination of waters. There is now considerable
interest in determining the source of the fecal contamination of our waters.
This would then allow more efficient management of the contamination
sources, which should lessen the problem of fecal contamination of our
consumable and environmental waters. A recent report from the American
Society of Microbiology emphasized the importance of developing new and
fast methods for the detection of fecal contamination of waters but stressed
the importance of also determining the source of contamination for
eliminating the source of contamination (Rose and Grimes, 2001).

Thus, there has been a lot of interest in developing an easy, inexpensive, and
accurate method to determine the fecal source contamination. This interest
has been accelerated with the purposeful contamination of the mail with the
spores of Bacillus anthracis, the causative agent of anthrax in cattle, but a
potential bioterrorism weapon against humans. Unfortunately, there is no
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consensus in which one of the methods described below fit all of the above
criteria. An earlier review of this subject (Sinton, et al., 1998) discusses the
early attempts to develop such methods but it is a bit outdated regarding the
newer molecular techniques. The many different methods for fecal source
determination are listed and summarized below and a few do appear to be
promising regarding the criteria sought as listed above. As described in Rose
and Grimes (2001), other more sophisticated methods (not reviewed here) are
being devised and could revolutionize the way that we eventually do
microbial water quality as well as determine the source of fecal
contamination. The following methods are summarized as to their utility,
accuracy, and ease of performing:

1. Numbers, Kinds, and Strains of Bacterial Species Present in
Human and Nonhuman Feces: It was thought at one time that the ratio of
fecal coliform to fecal streptococci could be used to identify the probable
source of fecal contamination of environmental waters. However, this has
proven to be unreliable as a predictor of source contamination (reviewed in
Sinton, et al., 1998). Other bacteria, such as Staphylococcus aureus and
Pseudomonas aeruginosa, proposed to be found only in humans and not in
other animals, and perhaps vice-versa, have not been field-tested as far as
their ease and usefulness in determining the contamination source (reviewed
in Sinton, et al.., 1998; Gabutti, et al., 2000). Standard microbiological
methods have consistently failed to consistently differentiate isolates of the
fecal-specific bacteria from different sources. Parveen, et al. (2001) used
three techniques that have been used previously to differentiate between
strains of the same species. Two of the techniques, determination of fatty
acid composition and concentration and pulse-field gel electrophoresis of
chromosomal DNA, fail to separate E. coli strains from different sources.
However, the third technique, antibodies to cell wall antigens, could
consistently separate these same isolates by source (see 6 below).

2. Resistance/Susceptibility of Fecal Isolates to Antimicrobials:
Discriminate analysis of the patterns of resistance and susceptibility to
several antimicrobials of both Enterobacter faecalis and Escherichia coli
isolates can predict the source of fecal contamination of waters with
reasonable accuracy (Wiggins, B.A. 1996; Hagedorn, et al., 1999; Harwood,
et al., 2000). Basically, waters are tested for the presence of fecal
streptococci and/or fecal coliforms using standard selection techniques. If
positive for either or both, a representative number of isolates are picked
from isolated colonies, purified by standard microbiological techniques, and
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then tested against a battery of antimicrobials at several different
concentrations to accurately determine their antimicrobial sensitivity and
resistance patterns. The results are then compared to a large database of
different isolates from different fecal sources. This method has had limited
field-testing in the Virginia area where the database has been established and
reliably predicted the contamination source in a watershed area (Hagedorn, et
al., 1999). It was also used in the Tampa, FL area to show that the fecal
contamination was primarily of human origin (Harwood, et al., 2000).
Clearly, the method is labor and time intensive, and probably requires a
database of the resistance and susceptibility to several antimicrobials at
different concentrations of many different isolates from the particular area of
the country to be tested.

3. Detection of Source-Specific Bacterial Viruses: The method is based
on the observation that male-specific [F(+)] bacteriophages for Escherichia
coli can be source specific. Four different genotypes have been typed to
specific groups of animals (Chung,, et al., 1998; Ricca, and Cooney, 2000a;
Ricca and Cooney, 2000b; Bahirathan, M., Puente, L., and Seyfried, P. 1998;
Griffin, et al., 2000). Basically, 1 L of environmental water is enriched for
bacteriphages by adding the host bacterium and concentrated nutrient broth,
incubated 1 - 2 days at 35 C, and then perform a plaque assay against the
host bacterium. Plaques were purified by standard procedures and then
genotyped by using hybridizing to group specific genetic probes.
Alternatively, 20 L samples were concentrated about 200-fold by vortex flow
filtration and the retentate analyzed for coliphages. This technique was used
successfully to prove that the source of pollution of a Florida river was due to
the wildlife park with little contribution by human sources (Griffin, et al.,
2000). Clearly, this technique is also time and labor intensive and potentially
requiring large volumes of environmental water. In addition, this technique
may not be useful for warm saline waters due to inviability of these phages
(Griffin, et al., 1999).

4. Detection of Enteric Viruses Specific to Humans: This technique
requires the filtration of a considerable volume of environmental water (about
100 L) to collect the viruses, and RT-PCR of samples of the trapped viruses
using specific primers to the various human enteric viruses (not generally
found in other animals) and analysis by gel electrophoresis. The sensitivity
of the detection technique can be enhanced by probing the product of the RT-
PCR using specific DNA probes to the PCR products (Griffin, et al., 1999;
Lageay, et al., 2001). A commercial kit is available from Promega
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(www.promega.com) and can be used on the above samples or tissues
samples of shellfish (Lageay, et al., 2001). Although highly accurate for
human fecal contamination, it does not indicate other animal contamination,
except by the process of elimination. There may be enteric viruses that are
specific for nonhumans. Clearly, this technique is also is labor and time
intensive, and requires large volumes of environmental water to be filtered
for testing.

5. Detection of Specific Chemicals Produced by Humans or Human
Activities: Humans and human activities produce chemicals not associated
with or at levels not found in other animal species (Leeming, et al., 1996;
reviewed in Sinton, et al., 1998). Fecal sterols have been analyzed from
feces of human and various domesticated and wild animals and the
fingerprint profiles and concentrations are different enough to allow for
source determination of fecal contamination of environmental waters
(Leeming, et al., 1996). Compounds found in washing powders (fluorescent
whitening agents, sodium tripolyphosphates, long-chain alkylbenzenes) are
usually combined with sewage waters and are indicated of specific human
activities. The sterols and long-chain alkylbenes are general extracted from
samples with organic solvents, concentrated, and separated, detected, and
quantified using gas chromatography. Fluorescent whitening agents from
waters are extracted with organic solvents, concentrated and analyzed for
identity and concentration using a fluorimeter. Sodium tripolyphosphates
(most washing powders and cleaning compounds are probably phosphate
free) can also be isolated using ion-exchange chromatography, hydrolyzed to
orthophosphate, and concentration determined by standard phosphate
techniques. Again, these methods are time and labor intensive and require
large volumes of environmental waters and organic solvents. In addition,
expensive equipment is needed for detection and quantification.

6. Using Strain-Specific Antibodies to Detect and Quantify Bacteria
Found in Humans and Other Animal Feces: It is clear, based on the above
techniques of measuring the difference in antimicrobial sensitivities and
genotype of coliphages, and the DNA detection techniques discussed below,
that there are protein differences between bacteria from the different sources.
In fact, a recent report found that human and nonhuman E. coli isolates could
be separated based on antigen differences (Parveen, et al., 2001). These data
are significant in that there is a possibility that instruments can be used to
easily identify differences in antigens found in bacterial species. This is an
exciting, up-and-coming, and most promising technique that makes use of the
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high specificity of antibodies to the different protein antigens found in and on
the source microorganisms (Scientific American Exhibit on Biosensor, 1999;
Seo, et al., 1999; Advanced Analytical Technologies, Inc., 2000; Smith and
Rice, 2000; Parveen, et al., 2001; Hoyle, B. 2001). Antibodies, specific to
the bacteria to be analyzed, are chemically modified to have attached
enzymes or fluorescent dyes. These antibodies can be used to attach to the
specific bacterium or used in an antibody-capture technique to pull out the
microorganism from the contaminated source. The antibody-attached
bacteria are then detect and quantified using an instrument containing a
biosensor or laser-assisted flow cytometry. One instrument is already on the
market and is being used to detect food and water contamination with
pathogenic bacteria (Advanced Analytical Technologies, Inc., 2000; Smith
and Rice, 2000). Another type of instrument, based on a similar technique to
capture the microorganisms, has a different detection system and is being
field-tested and compared to standard techniques for detection and
guantifying food contamination with pathogenic bacteria (Scientific
American Exhibit on Biosensor, 1999; Seo, et al., 1999). There would be a
considerable expense in buying and maintaining the instrument and reagents
for detection and capturing the bacteria. However, the technique would be
fast, not requiring any culturing of the microorganisms, and the concentration
protocols would be fairly simple.

7. Detection of DNA Differences in Bacteria from Different Sources: As
stated above in 2, 3, and 4, researchers are finding differences in the kinds of
bacteria, antimicrobial sensitivities within bacterial species, different male-
specific bacteriophages, and bacterial species having different antigens that
can be detected with antibodies. These detectable differences are due to
nucleic acid sequence differences among the bacteria even within the same
species. Detection of DNA and RNA sequence differences is relatively
straightforward and various detection systems are available. | have already
indicated in 3 and 4 above that this technology can be used to detect the
different kinds of male-specific coliphages and enteric viruses found in fecal
samples. If a DNA difference can be found between bacteria, then DNA
primers can be designed to specifically detect that DNA difference using the
Polymerase Chain Reaction (PCR) and other DNA and RNA based methods
(Wang, et al., 1996; Wang, et al., 1996; Marchesi, et al., 1998; Kong, et al.,
1999; Dombek, et al., 2000; Bernhard and Field, 2000a; Bernhard and Field,
2000b). A company, Paleoscience, Inc. uses RNA ribotyping to source
determine E. coli isolates (at $65 — $95 per bacterial isolate)
(www.paleoscience.com/bacterial.ntm). In addition, recent real-time technology
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can actually quantify the numbers of bacteria with that particular DNA
sequence. DNA detection by PCR fits most of the criteria for accurately and
specifically determining the source of fecal contamination. It is relatively
fast, fairly inexpensive after an initial investment of moderately expensive
equipment, and can be accurate. A PCR assay has been developed to type
fecal bacteria from different sources (Bernhard and Field, 2000b). . It does
not require isolation and purification of bacterial species. This PCR assay
appears to be the most promising for identifying the source of fecal
contamination in environmental waters. At the present time, it can only
determine whether the fecal contamination is from human or ruminant feces,
but new primers are being developed to cover all animal species, depending
on the particular area of the world. This assay is based on previous research
on finding host-specific 16S ribosomal DNA genetic markers from the fecal
anaerobes, Bifidobacterium species and Bacteroides-Prevotella group, in cow
and human feces (Bernhard and Field, 2000a). Members of these two groups
make up a significant portion of the total bacteria in the feces of warm-blood
animals and are only found in the intestines of these animals. Bernhard and
Field (2000b) have designed a series of primers that are highly specific to
host Bacterioides-Prevotella isolates from human and cow feces. The
method has been recently field-tested but the publication is under review
(Bernhard, et. al., 2002; Field, et al., 2002) and is not available until it has
been accepted for publication. The original technique uses 1 L samples of
environmental waters, which is filtered through 0.2 um filters to collect the
bacteria. The bacteria on the filter are then lysed using some standard, simple
DNA preparation technique and the DNA tested with human-specific and
cow-specific primers. The method has recently been improved such that less
water is needed, the method is more sensitive, and additional primer sets are
being investigated for other warm-blood animals (Field, personal
communication). Further, the amount of target DNA can be quantified using
a real-time PCR machine
(http://www.osu.orst.edu/dept/micorbiology/fac/field2.ntml). \We propose to adapt
this PCR technique to be used to determine the fecal source of environmental
contamination of West Alabama consumable and environmental waters
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Methodology

DNA Extraction: Control (human and cow feces in water) and
environmental waters will be filtered through a 0.2 um filter, the collected
bacteria lysed, and DNA purified using a DNAeasy extraction kit from
Qiagen (Field, personal communication; Bernard and Field, 2000b).

Polymerase Chain Reaction (PCR): Appropriate samples of control and
environmental waters DNA (100 ng) will be mixed with the reaction
components of a standard PCR method in a 200 uL PCR tubes in 50 uL
guantities using a Qiagen PCR kit containing TAQ polmerase, MgCl,,
dNTPs, bovine serum albumin, and forward and reverse human or cow
specific DNA primers (made by Operon) . The complete reaction mixture
will be run using a standard PCR cycling profile for these primers using a MJ
research thermal minicycler (Field, personal communication; Bernard and
Field, 2000b).

DNA Electrophoresis: An aliquot of the above mixture will be
electrophoresed in 1 % agarose slab gels at 30-100 volts for 1-3 hours along
with marker DNA fragments that will be used to estimate DNA fragment
sizes. Ethidium bromide will be included in the gel to stain the DNA
fragments and the position of DNA fragments in the gel visualized using UV
light. The position of the DNA fragments in the gel will be recorded using a
Polaroid camera or other recording devices. DNA fragment sizes will be
determined by comparison with known marker DNA fragments.

Fecal Coliform Assay: One hundred mL of environmental and control
samples will be filtered through a 0.45 um filter unit and the filter placed on a
pad saturated with mc-FC broth with Rosolic Acid medium, incubated at 44
C for 24 hours, to determine the presence and number of fecal coliforms as
described by Hach Diagnostics.

Anticipated Results

We (myself and Alan Tartt) tried this technique using cow and human
specific forward and reverse primers with control cow feces last December
during the semester break, and after many tries, finally was able to detect a
PCR DNA fragment of the expected size using the cow primers only. We
have not tried the same primers with human sewage. Thus, with appropriate
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control feces and the newer modification of the standard technique of DNA
extraction and PCR cycling (Field, personal communication; Bernard and
Field, 2000b), we feel that the technique should work in our hands for human
and cow samples. After getting the technique to work with the appropriate
control feces, environmental samples with known fecal contamination will be
assayed by this method.

Anticipated Use of Research Results

We will use the established technique to survey for fecal source
contamination of fecal coliform positive environmental and well waters in the
Livingston Area. If the data proves to demonstrate fecal sources, then this
technique could be adapted to be used throughout the state to easily
determine the source of fecal contamination. This will allow the Alabama
Department of Environmental Management (ADEM) to find the source of the
contamination. Addition funding from ADEM will be sought if the technique
appears to be feasible.
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ANNEX 9

COLILIRT COLIFORM/E.COLI
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Rapid Detection Kits For Coliform/E.coli

The IDEXX Colilert: Coliform/E.coli test kit simultaneously detects and
confirms coliforms and E.coli in water samples in 24 hours or less.
Simply add the Colilert reagent to the sample to incubate for 24 hours,
and read results. Colilert is easy to read, as positive coliform samples
turn yellow, and when E.coli is present, samples fluoresce under UV
light. Colilert is easy to use, involving less than one minute hands-on
time. Colilert is used by over 90% of state labs in the United States and
it is the only USEPA-approved, 24-hour test for drinking and source
waters.
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ANNEX 10

ENTEROCOCCUS TESTS
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ENTEROCOCCUS

SOIL MICROBIOLOGY
BIOL/CSES 4684

1. IDENTIFYING CHARACTERISTICS

. Gram positive

. Cocci shape

. Nonmotile

. Ocecur in pairs or short chains

. Cells are one micrometer in diameter

. Predominately inhabit human intestines

. Faculative anaerobes (prefer anaerobic)

. Complex and variable nutritional requirements

. Resistant to many Gram positive antibiotics

. Perform simple fermentation

. Mechanism of pathogenicity unknown

. Used as indicators of fecal pollution in the purification of water and
dried and frozen foods

. Members of genus streptoccous

. Belong to Lancefield's serologic group D Streptococcus
. Catalase negative

. Can grow in 6.5% NaCl

. Can grow at a pH range of 9.6 to 4.6

. Can grow at temperatures ranging from 10 to 45°C
. Optimunm growth at 37°C

. Sensitive to chlorination

The above picture shows a Streptococcus. Cells that are oval in appearance
are in the process of actively dividing.

2. TAXONOMIC DESCRIPTION
The enterococcus group is a subgroup of the fecal streptococci that includes at
least five species: S. faecalis, S. faecium, S. durans, S. gallinarum, and S.
avium. The enterococci are differentiated from other streptococci by their
ability to grow at high pH (9.6 at 10), high temperature (45°C) and in high salt
concentrations (6.5% sodium chloride). The enterococcus are generally
resistant to many Gram positive antibiotics such as the tetracyclines,
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aminoglycosides, sulfonamides, some penicillins, and lincosamides. E.
faecalis and E. faecium are the most frequent species found in humans. E.
faecalis is the only enterococcus species that has been genetically
characterized. Its genome is 3 mb in length. The two genetic mechanisms first
discovered in the enterococci were conjugative transposons and sex
pheromone plasmids. Some strains require vitamin B and amino acids for
growth.

Selected differential physiological characteristics for species of the
enterococci.

E.faeca E. E. E. | E.equin
S faecium durans| bovis S
Hemolysis -[+ - +/- - -
Growth at10 °C + + - -
Growth at 45°C + + + +
Growth at 50°C + - - -
Growth at pH 9.6 + +/- - -
Growth at 6.5% NacCl +/- +/- +/- - -
Growth at 40% bile + + + +
Resists 60°C for 30 min + + +/- - -
NH3 from arginine + + + - -
Gelatin liquefied -+ - - - -
Tolerates 0.04% Pot. tellurit + - - - -
Acid from Glycerol + - - - -
Acid from Mannitol + + - -+ -
Acid from Sorbitol + - - -+ -
Acid from L-arabinose - + - +/- -
Acid from Lactose + + + + -
Acid from Sucrose + +/- - + +
Acid from Raffinose - - - + -
Acid from Melibiose - + - + -
Acid from Melezitose + - - - -
Starch hydrolyzed - - - + -
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Tetrazolium reduced at pH
6.0

3. ISOLATION AND ECOLOGY

Most procedures employ presumptive media followed by confirmatory tests.
Primary selective agents can be azide, tellurite, bile, neonycin, Tween 80,
taurocholate, selenite, NaCl, alcohol, phenylethyl, and thallium. For isolation,
the Association of Food and Drug Officials of the United States recommends
KF agar medium. This is selective differential agar that contains sodium
azide, that inhibits catalase positive organisms, and tetrazolium chloride
which produces a red color in the colonies.

Ethyl violet azide (EVA) broth can be used as a confirmation. Fecal
enterococci from water can be isolated, cultivated, and enumerated in this
broth. Growth of fecal enterococci in EVA results in turbidity and a purple
sediment in the bottom of liquid cultures. There is also a tyrosine
decarboxylase activity procedure and a mentagan test that works well.

Enterococci are able to grow in the presence of bile and hydrolyze the
esculin; the liberated diphydroxycourmarin complexes with ferric citrate
present in the media to form a dark brown/black soluble compound. The
picture on the left shows the differential reaction that identifies the
enterococci on bile esculin agar.

Enterococci occur naturally in soil and can be readily isolated from most
plant roots as well. They are also found routinely in frozen seafood, cheese,
dried whole egg powder, raw and pasteurized milk, frozen fruits, fruit juices,
and vegetables. Occasionally they are used as starter cultures for making hard
cheese. Some strains produce high levels of the amines tyramine and
histamine. Tyramine may be involved in causing migraines. They are capable
of producing extracellular proteinases and peptidases to hydrolyse large
peptides and transport them into the cell to convert them to amino acids. Due
to diet, E. faecalis dominates the guts of humans in the United States and
England. In India and Japan, E. faecalis and E. faecium are equally found in
the intestines. They get into food through vegetation, processing equipment,
processing environments, or fecal contamination. Symptoms are similar to B.
cereus and C. perfringens. Symptoms include nausea, vomiting, and diarrhea,
but are milder than those caused by other food borne illnesses. The picture at
left shows hemolysis on blood agar by S. pyogenes, a group A streptococcus.
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Blood agar is often used as a diagnostic test for the enterocococci, especially
when isolations are made from food or clinical samples. Two of the five
enterococcal species (faecalis and durans) will usually produce hemolysis on
blood agar (see above table).

4. PUBLIC HEALTH SIGNIFICANCE

The enterococci are used as a bacterial indicator for determining the extent of
fecal contamination in foods and in recreational surface waters. Water quality
guidelines based on enterococcal density have been proposed for recreational
waters. The guideline is 33 enterococci/100 mL for recreational fresh waters.
For marine waters, the guideline is 35 enterococci/100 mL. The guidelines are
based on the geometric mean of at least five samples per 30-d period during
the swimming season. There are two types of selection methods. The
membrane filter technique is used for samples of fresh and saline waters;
however, it is unsuitable for highly turbid waters. The multiple-tube technique
is also applicable to fresh and marine waters, but is primarily used for raw and
chlorinated wastewater.

For the presumptive test procedure of the multiple-tube technique, a series of
azide dextrose broth tubes are inoculated and incubated. If not turbid, tubes
are reincubated. Tubes showing turbidity are streaked onto Pfizer selective
enterococcus (PSE) agar. Brownish-black colonies with brown halos confirm
the presence of fecal streptococci. These colonies are transferred to a tube of
brain-heart infusion broth containing 6.5% NaCl. Growth indicates colonies of
the enterococcus group.

In the membrane filter technique, the sample is filtered, the filter containing
the colonies are transferred to an agar medium which is incubated. The filter is
transferred to EIA medium containing esculin and ferric acid as selective
agents. Pink to red enterococci colonies develop a black or reddish-brown
precipitate. A well isolated colony from brain-heart infusion agar is then
transferred onto a brain-heart infusion broth tube and incubated. After growth,
a sample of the culture is transferred to bile esculin agar, brain-heart infusion
broth, and brain-heart infusion broth with 6.5% NaCl. Growth at 45°C in
6.5% NaCl indicates presence of enterococcus group.

For clinical or food samples, additional tests that may be conducted include
bile solubility (above left picture; the tube on the far left is positive), and
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antibiotic sensitivity (the above right picture shows the antibiotic disk assay
for bacitracin).

5. ADDITIONAL SOURCES OF INFORMATION

Rose, A.H., ed. 1983. Economic Microbiology: Food Microbiology.
Academic Press. New York. Volume 8. 207 pp.

Defigueiredo, Mario and Don Splittstoesser, ed. 1976. Food Microbiology:
Public Health and Spoilage Aspects. AVI Publishing Company. Connecticut.
276-281 pp.

Ray, Bibek. 1996. Fundamental Food Microbiology. CRC Press. New York.
363-364 pp.

Banwart, George. 1979. Basic Food Microbiology. AVI Publishing
Company. Connecticut. 400-404 pp.

5. LINKS TO SITES ON THE ENTEROCOCCI

Gram Positive Facultative Cocci

Detection of Enterococci in Recreational Waters

Cancer Control Journal

Taxonomy - Enterococcus
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ABSTRACT

Enterolert™ - A Rapid Method for the Detection of
Enterococcus spp.

C.-M. Chen*, K. Doherty, H. Gu, G. Dichter, and A. Naqui.
IDEXX Laboratories, Inc. Westbrook, ME.

Enterolert defined substrate system is a rapid 24-hr test that
detects enterococci in water. Enterolert uses 4-
methylumbelliferyl-B-D-glucoside as the defined substrate
nutrient-indicator. This compound, when hydrolyzed by
enterococcus B-glucosidase, releases 4-methylumbelliferone
which exhibits fluorescence under a UV;45,,, lamp. The
sensitivity of Enterolert presence/absence test was evaluated
with 25 enterococcus strains; ~ 96% (24/25) at 1 - 3 c¢fu/100 ml
were detected within 24 hrs of incubation at 41 °C. In the
Quanti-Tray™ format, Enterolert detected ~ 95% (121/127)
enterococci in 24 hrs. The specificity of the test was examined
using 17 non-enterococci bacteria; these bacteria did not show
cross reactivity at levels above 10” cfu/100 ml within 48 hrs.

Evaluation on 821 water samples from different geographic
areas showed good agreement between the Enterolert-MPN and
the membrane filtration method. The correlation coefficient
between these two methods was 0.91 (N = 766, Range =0 -
200). About 95 % (1576/1658) Enterolert-positive isolates
were confirmed to be enterococci. The recovery rate for
Enterolert at 24 hrs was 99 % (849/854). Enterolert is rapid,
accurate, easy-to-use, and requires minimal hands-on time.
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INTRODUCTION

Enterococcus is a valuable bacterial indicator for
monitoring fecal pollution in water. Enterococcus density in
recreational waters has been shown to be related to the risks of
swimming-associated gastroenteritis. The United States
Environmental Protection Agency recommended that
enterococci be the bacterial indicator for fresh and marine
waters (Federal Register, 1986). Current guidelines for
enterococci density are 33 enterococci/100 ml for fresh water
and 35 enterococci/100 ml for marine water.

Current methods for the analysis of enterococcus density
include the multiple-tube technique for most probable number
(MPN) and the membrane filter technique (MF). Both
techniques are labor-intensive, tedious, and require a minimum
of 48 - 72 hours before results can be obtained.

We developed a defined substrate-Enterolert system which
detects enterococci in water within 24 hours. Enterolert uses 4-
methylumbelliferyl-B8-D-glucoside as the nutrient-indicator.
This compound, when metabolized by enterococci, releases 4-
methylumbelliferone and glucose. 4-Methylumbelliferone
exhibits blue fluorescence when viewed under a fong-
wavelength uitraviolet lamp. The glucose moiety is further
metabolized by enterococci to promote their growth. Non-
enterococci are suppressed by the incorporated antimicrobial
agents and cannot metabolize this nutrient-indicator.
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The Quanti-Tray system, previously shown to effectively
quantify coliform bacteria and Escherichia coli using Colilert”,
was used in conjunction with Enterolert to enumerate
enterococci in water.

In this study, a total of 127 enterococci and 17 non-
enterococci were tested to evaluate the sensitivity and
specificity of Enterolert. The Enterolert system was also
evaluated in parallel with the MF method to determine the level
of agreement between these two methods. A total of 821 water
samples including drinking water, bottle spring water, river and
lake water, sewage effluent, and marine water from different
geographic areas were evaluated. Enterolert results were
confirmed by selective isolation and biochemical identification
by the Vitek™ bacterial identification system.
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ENTEROLERT PROTOCOL

Presence/Absence Assay Protocol

- Collect 100 ml water sample.

- Add Enterolert reagent, Mix.

- Incubate at 41 °C for 24 hours.
- Read (UV-365nm lamp).

Quantification Assay Protocol

- Collect 100 ml water sample.

- Add Enterolert reagent, Mix.

- Pour the solution in a Quanti-Tray.

- Seal the tray with the Quanti-Tray sealer.

- Incubate at 41 °C for 24 hours.

- Count the number of fluorescent wells.

- Refer to the 51-well Quanti-Tray MPN table.
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Enterolert Evaluation with 25 Enterococci Strains

25- 24 24
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Enterolert sensitivity was evaluated using 25 enterococci in
deionized water. The inoculum was 1 - 3 cfu/100 ml. The
samples were incubated at 41 °C and monitored for fluorescence
development at the indicated time. Twenty three strains were
positive within 17 hours. Twenty four strains were positive
before 22 hours. Only Enterococcus hirae ATCC 8043 was not
detected within 24 hours.
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Enterolert Sensitivity in Quanti-Tray Format'

Strains 20hr 22br 24hr >24hr ND° #Tested
E. faecalis 10 3 32
E. faecium 10 3 2 2 2 67
E. casseliflavus 2 3 3 16
E. durans 1 2 1 1 10
E. gallinarum I 1
E. hirae 1 1
# positives 24 11 7 4 2
# cumulative positives 103 114 121 125 127
% cumulative positives 81% 90% 95% 100 %

" The sensitivity of Enterolert in the Quanti-Tray format was
evaluated using 127 environmental enterococcus isolates in
deionized water. The inoculum was 0 - 30 cfu in 100 ml water.
The 100 ml water was equally distributed into 51 Quanti-Tray
wells to achieve a theoretical 1 cfu/well. The sample tray was
incubated at 41 °C and monitored for fluorescence development
at the indicated time. 114 strains (90%) were positive at 22
hours and 121 strains (95%) were positive at 24 hours. These
environmental isolates were identified by API®20 Strep system.
The identities of these strains included 32 E. faecalis, 67 E.
Jfaecium, 16 E. casseliflavus, 10 E. durans, 1 E. gallinarum, and
1 E. hirae.

% not detectable.
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Comparison of Enterolert-MPN vs. MF'

Range # Samples
MF > 200; Enterolert > 200 51
MF > 200; Enterolert < 200 |
MF < 200; Enterolert > 200 3
MF < 200; Enterolert < 200 766 r=0.91

Total 821

" Defined substrate Enterolert system in the Quanti-Tray format
was performed in parallel with the membrane filtration
technique.

* Water samples used in this evaluation included 21 bottled
spring water, 110 treated (chlorinated) drinking water, 76
untreated raw water (river and lake water), 247 sewage
effluents, and 367 marine water. Fresh.water samples were
tested without dilution. Marine water samples were tested using
a 10 X dilution procedure (i.e. 10 ml marine water in 90 ml
sterile deionized water).
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Correlation between Enterolert - Quanti-Tray MPN values and
membrane filtration counts for 766 water samples within the
counting range of 0 - 200 (Enterolert < 200; MF < 200). The
correlation coefficient between these two methods was 0.91
(Y =0.43 +0.98 X).
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Accuracy of Enterolert

Enterolert
Confirmation # Positive Wells # Negative Wells
enterococci 1576 5
non - enterococci 82 849
% false positive rate 49%
% false negative rate 0.6 %
% Accuracy 96.4 %

Enterolert results (positive and negative wells) were confirmed
by steps of selective isolation and biochemical identification
using a combination of bile-esculin agar (35 °C), brain heart
infusion 6.5% NaCl broth at 45 °C and/or 35 °C, and Vitek
bacterial identification system. About 95 % (1576/1658)
Enterolert-positive isolates were confirmed to be enterococci
(false positive rate ~ 5 %). The faise negative rate for Enterolert
at 24 hrs was ~ 1 % (about 99 % recovery rate).
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SUMMARY

Enterolert detects ~ 95 - 96% of enterococci within 24
hours of incubation at 41 °C

No cross reactivity was observed when Enterolert was
challenged with 17 non-enterococcus bacteria

Evaluation on 821 water samples showed good agreement

between Enterolert Quanti-Tray MPN values and MF
counts (N =766; range =0 - 200; r = 0.91)

Enterolert is accurate (~ 96 % accuracy) with a false
positive rate of ~ 5 % and a false negative rate of ~ 1 % as
compared to the 10 % false positive and 12 % false
negative rates for the MF method (Levin, M.A. et. al,
1975).

Enterolert, coupled with Quanti-Tray system, allows rapid
detection and quantification of enterococci in water (bottle
water, drinking water, river water, lake water, sewage
effluents, and marine water).

Benefits of Enterolert:

Rapid (24 hrs results)

Accurate

Less than 45 seconds hands-on time

Ready-To Use Reagent (No media preparation)
Easy interpretation
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Testing Protocol for Enterococcus and Total Coliform

1. Turn on the Quanti-tray sealer.
-Green light must be lit prior to use.

2. Add 1 packet of Enterolert (for Enterococcus) or Colilert (for Total
Coliform) reagent into a small, sterile plastic bottle.

3. Measure 10 ml of ocean water sample and add to the reagent.

4. Measure 90 ml of distilled water and add to the reagent/sample
mixture.

5. Shake the 100 ml mixture well to completely dissolve reagent

6. Label the paper side of the empty Quanti-tray with Date, Location of
Collection, and Time.

7. Pour the reagent-sample mixture from the plastic bottle into the tray,
avoiding contact with the foil side of the tray. Allow foam to settle.

8. Place the Quanti-tray upside-down on a rubber insert and run through
the sealer to distribute the reagent-solution mixture into the wells and
to seal the tray.

9. Place the Quanti-tray in an incubator at 41 degrees Celcius for
Enterococcus and at 35 degrees Celcius for Total Coliform.

10.Incubate sample for 24 hours for Enterococcus testing

11.Incubate sample for 18 hours for Total Coliform testing.

12.Repeat procedure for each sample.

California Standards

Enterolert, the testing method we use, is a rapid method used for
detection and quantification of enterococci and indicator bacteria in
water. It is sensitive to 1 enterococci/100ml. The results for
Enterococcus take 24 hours to incubate. The MPN number (Most
Probable Number), which is used to determine the density of bacteria
in water samples, should be below 104 in order to conform to the CA
standard.

Colilert is a method used for detection and quantification of Total Coliform
and E. Coli. The results for Total Coliform take 18 hours to incubate. The
MPN number, which is used to determine the density of bacteria in water
samples, should not exceed 400 in order to conform to the CA standard.

Results: Enterococcus

132



To read the results, the Quanti-trays are removed from the incubator after 24
hours, and a 6 watt UV lamp is held 5 inches above the wells. Any
fluorescence within a well indicates the presence of contamination. The
number of contaminated wells is counted and is read against the Most
Probable Number (MPN) Table to determine the level of contamination for
the area where the sample was collected. The value from the Table is
multiplied by 10 to get the true MPN number. If fluorescence is not
detectable after 24 hours of incubation, the sample is considered negative for
contamination. After more than 28 hours of incubation, positives are not
valid due to heterotrophs in the water, which can render a false positive.
Results are then recorded and posted on the San Diego Chapter and National
Surfrider Foundation websites.

Results: Total Coliform

To read the results, the Quanti-trays are removed from the incubator after 18
hours. Contamination is indicated by a yellow coloration in the wells. A
comparator shows what the yellow should look like. The number of positive
yellow wells is counted and the level of Total Coliform is determined by the
Most Probable Number (MPN) Table. The value from the Table is
multiplied by 10 to get the true MPN number.

The results for E. Coli are determined with the presence of fluorescence in
the positive wells of the samples for Total Coliform. A 6 watt UV lamp is
used and the MPN is calculated by the same method.

133



Experiment 7: Detection of Coliforms, Fecal Coliform and
Enterococcus Bacteria in Environmental Samples

Introduction

Microorganisms pathogenic to humans that are transmitted by water include
bacteria (including blue-green algal toxins), viruses and protozoa. Most of
the microorganisms transmitted by water usually grow in the intestinal tract
of people and leave the body in feces. Fecal pollution of water used for
swimming and drinking can then occur resulting in transmission of
infectious microbes. The significance was recognized at the turn of the
century when filtration and disinfection of drinking water was begun in the
USA. This resulted in nearly complete elimination of waterborne cholera
and typhoid in this country.

Routine examination of water for the presence of intestinal pathogens
would be tedious and difficult. It is also nearly impossible because of the
“viable but non culturable” phenomenon. It is easier to infer the presence
of human waste from some nonpathogenic intestinal bacteria such as
Escherichia coli and Streptococcus faecalis. These organisms are always
found in the intestines. When they are found in water, it is assumed that the
water is contaminated with fecal material.

Coliform bacteria (of which E. coli is a member) occur normally in the
intestines of warm-blooded animals and are discharged in great numbers.

In polluted water, their numbers are assumed to be roughly proportional to
the degree of fecal pollution. Traditional methods for their enumeration
involve multiple sequential steps. More rapid and simple methods have long
been sought. Thus, the defined substrate technology (DST) provides the
possibility for detection and confirmation of total coliforms and E. coli in
samples. Additionally, the enterococci bacteria are also quantifiable.

The Colilert was the first commercial DST test to receive USEPA approval
for drinking water analysis. This test uses specific indicator nutrients:
ortho-nitrophenyl-B-D-galactopyranoside (ONPG) and 4-methyl-
umbelliferyl-B-D-glucuronide (MUG). A water sample is incubated with
Colilert reagent for 24 hours. If a coliform is present, indicator nutrient is
hydrolyzed by the enzyme [3-galactosidase of the organism, thereby
releasing the indicator portion, ortho-nitrophenyl, from ONPG. The free
indicator imparts a yellow color to the solution. E. coli posses an additional
constituitive enzyme, glucuronidase, that hydrolyzes the second indicator
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nutrient, MUG. As a result of this hydrolysis, MUG is cleaved into a
nutrient portion (glucuronide), which is metabolized, and an indicator
portion, methylumbelliferone, which fluoresces under ultraviolet light.
Thus two separate and specific microbial assays are carried out
simultaneously in the same sample.

The Enterolert is used to indicate enteroccus bacteria. This test uses 3-D-
glucoside attached to MUG. When B-glucosidase of the organism attacks
the B-D-glucoside part of the defined substrate, the fluorescent
methylumbelliferone is released and can be visualized in UV light.

The IDEXX Quanti-Tray and Quanti-Tray/2000 provide easy, rapid and
accurate counts of coliforms, E.coli and enterococci. The IDEXX Quanti-
Tray and Quanti-Tray/2000 are semi-automated quantification methods
based on the Standard Methods Most Probable Number (MPN) model. The
Quanti-Tray” Sealer automatically distributes the sample/reagent mixture into
separate wells. After incubation, the number of positive wells is converted
to a most probable number (MPN) using a table provided. Quanti-Tray
provides counts from one to 200/100 ml. Quanti-Tray/2000 counts from one
to 2,419/100 ml.

Materials

Medium (250 to 500 mL) plastic collection bottles

Bottles for mixing reagents with appropriate water volume (containing
sodium thiosulfate)

Plastic beakers

Water samples from the environment; soil or sediment samples
Tap water

guantitrays

guantitray plate sealer

Colilert and Enterolert media

Fluorescent hand held lamp

MPN table (with media)

Sterile physiological saline water

Methods

1. Collect water samples in collection bottles (can scoop with clean beaker)
from near Goleta Beach: the surf zone at a few places (ankle deep, 4
samples spaced 5 minutes apart in a given location, plus several locations),
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the lagoon, and water in the beach sand (dig a hole and allow to fill up).
Sediment can also be collected, but must be washed and the washwater used
for conducting the assay.

2. Depending on the sample, prepare 1:10, 1:100, 1:1000 dilutions of the
original sample by adding 10 mLs of sample to a mixing bottle (for the :10)
then filling to the 100 mL mark with sterile saline water. For the 1:100
dilution, transfer 1 mL and bring to the mark; for the 1:1000 dilution,
transfer 100 pL and bring to the 100 mL mark. Make sure to prepare a
control (sterile saline only).

3. Following the instructions for Colilert and Enterolert, partition the
samples into the mixing bottles (marked with 100 mL mark, so add to
mark). Add the defined substrates to the mixing bottles. NOTE: separate
samples are poured from the collection bottles into separate mixing bottles,
each for Colilert and Enterolert.

4. Following the instructions for the Quantitray, pour the mixtures in
separate Quantitrays and seal according to the manufacturer’s instructions.

5. Incubate the Enterolert at 41° C for 24 hours, then count fluorescent
wells (shine the lamp on the tray to observe fluorescence). Incubate the
Colilert at 35° C for 24 hours. Count yellow and also count fluorescent
wells, insuring to note the two separately.

Analysis and Write up

Using the MPN tables provided by IDEXX, estimate the numbers of
coliform, E. coli and enterococci bacteria in the samples. Why is this an
estimate?

Where were the numbers highest? Comment on why your results and relate
them back to where you sampled. Also, how did the samples taken at 5
minute intervals at one location vary? Comment on why your results
appeared as they did.
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This test is generally described as “culture-dependent”. Comment on this
statement and contrast with other methods for detecting indicator bacteria
that are “culture independent”.

Public agencies may not perform these tests on turbid stormwater.
Comment on this.
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Merck KGaA
Contact: Sales Enquiry

Email: mailto:mibio@merck.de?Subject=New
ChromoCult® Enterococci Agar for Detection of
Enterococci in Water [Ref: rapidmicrobiology news -

1054h5]
Tel : +[49] 6151 72-0

Fax: +[49] 6151 72 6080

New ChromoCult® Enterococci Agar for Detection of
Enterococci in Water

ChromoCult® Enterococci Agar is an approved,
excellent value medium for the detection of Enterococci in
water

Do you want to save money?
Merck offers an excellent value chromogenic medium for
reliable, fast and safe detection of Enterococci.
Do you want to simplify your analysis?
Then you should use this unique chromogenic technique
for the detection of Enterococci.
Do you want to save time?
Benefit from the speed of this new method . in just 24
hours you can clearly and safely detect the absence or
presence of Enterococci.

The examination of water is strictly regulated by the
European Union Directive on Drinking Water, but to enable
the use of alternative methods, especially for the
bacteriological examination of water, the ISO 17994 was
created, which describes procedures how to prove
alternative against reference methods.

Merck.s ChromoCult® Enterococci Agar was successfully
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approved according to ISO 17994 and is now licensed by
the German Federal Environmental Protection Agency as an
alternative medium for the detection of Enterococci in
water.

The Enterococci family is one of the indicator groups of
faecal contamination of water. This group of organisms can
survive longer in the environment than the classical faecal
marker organism E. coli. Because of this longer survival,
the detection of Enterococci serves as a sensitive indicator
for possible faecal contamination that has occurred in the
past.

This parameter is very helpful for customers using near-
shore sea water as a raw material for production of bottled
or drinking water and sewage treatment plants are in the
neighbourhood and these organisms can also be used as a
marker for successful sanitation after accidents in water
systems.

On ChromoCult® Enterococci Agar the Enterococci are
clearly detectable by the red coloured colonies, thus
meeting the requirements for fast detection of faecal
contamination in water and indicating any action needed
for public health and safety.

Only one medium is necessary, instead of two, as a
confirmation test is not required. With this method the
results are available one day earlier without compromising
safety. The ChromoCult® Enterococci Agar can be used for
examination of nearly all types of water samples, e.q.
drinking water or pool water.

Available products:
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cat no.

1.0950.0500
ﬁﬁgiose mixed-ester GNG membrane Gelman 66278

ChromoCult® Enterococci Agar

Source: Merck KGaA
Posted: December 15, 2006
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ANNEX 11

DETECTION OF CLOSTRIDIUM PERFRINGENS
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Oxoid Ltd.
Contact: Val Kane

Email:
mailto:val.kane@thermofisher.com?Subject=
Improved detection of Clostridium perfringens in
water samples [Ref: rapidmicrobiology news -

603h15]
Tel : +[44] 1256 841144

Fax: +[44] 1256 329728
=

Improved detection of Clostridium perfringens in
water samples

Oxoid Limited has extended their range of products for
testing the microbiological quality of water with the
addition of new m-CP Medium - a selective, chromogenic
medium for the rapid identification and enumeration of
Clostridium perfringens in water samples. Compared to
traditional methods, m-CP Medium provides faster results
with increased selectivity and specificity.

Clostridium  perfringens spores are resistant to
environmental stress and can survive in water for longer
than vegetative bacteria, including E. coli. This makes Cl.
perfringens an important indicator of water pollution and
a useful marker to alert water companies to the possible
presence of other stress-resistant pathogens, such as
viruses and protozoal cysts. In addition, its resistance to
chlorination is useful in testing the effectiveness of water
treatment processes.
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Levels of Cl. perfringens in raw water are monitored to
detect increases in contamination. Furthermore, the
presence of Cl. perfringens in drinking water is
considered  significant and warrants immediate
investigation.

The new Oxoid m-CP Medium is designed to improve the
differentiation of CI. perfringens from other -clostridial
species and background flora.

Chromogenic compounds within m-CP Medium cause Cl.
perfringens colonies to turn yellow (based on their ability
to ferment sucrose), thus differentiating them from other
Clostridium species, whilst colonies of contaminating
organisms turn purple (based on their ability, unlike CI.
perfringens, to hydrolyse indoxyl-b-D-glucoside).
Additional confirmation is provided by exposing the culture
plate to ammonium hydroxide. This highly specific reaction
causes acid phosphatase-producing C/. perfringens colonies
to turn a distinctive dark pink.

The addition of D-cycloserine and polymixin B, and an
incubation temperature of 44°C, improve selectivity by
inhibiting the growth of Gram-negative bacteria and
staphylococci.

The chromogenic agar substrates in m-CP Medium are so
specific that further verification steps are not required. This
allows results to be obtained in a day instead of the 3-4
days required by traditional methods. In a comparative
evaluation, m-CP Medium demonstrated increased
sensitivity and specificity compared to TSC Agar, with a
decrease of 48 hours in the time taken to obtain a result?.

The European Council Directive 98/83/EC recommends m-
CP Medium for testing water intended for human
consumption?.
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1: Oxoid Limited, data on file.
2: E.U. (1998) 98/83/EC of Council of 3rd November 1998
on the quality of water intended for human consumption.
Off. J. Eur. Commun., L330, 32-54.

For further information about Oxoid m-CP Medium and
other Oxoid products for water and environmental testing
contact details are listed above or click on the link below.

Source: Oxoid Ltd.
Posted: September 9, 2002
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Colorless filamentous sulfur bacteria
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Colorless nonfilamentous sulfur bacteria
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Colorless small sulfur bacteria and sulfate-reducing
bacteria
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Enumeration, enrichment, and Isolation of Iron and
Sulfur Bacteria
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Iron Bacteria Saad)l L 5%
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: Gallionella ferruginea .Y

Ferrous sulfide agar Jazinl (I 124 & 3]
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(NH4)2 SO4,0.1%,

CaCO3, 0.01%,

MgSO4 , 0.02%,

K2 HPO4 , 0.001%,

Potassium acid phthalate, 0.4%,
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and 250 mg/L ferrous iron from acidified
FeSO4 .7 H2 O,solution.
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Sulfur Bacteria

Sulfate-reducing bacteria <l ysll A A sy |
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Trypticase soy agar, 4% , agar 0.5%, 60% sodium lactate
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Photosynthetic purple and green sulfur bacteria . ¥
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‘Basal medium 4swtul) diud)

Ammonium chloride,4% solution ............... 5 mL
K2HPO4 , 1% solution...... «.c.evvvnivinnnn... 1 mL
MgSO4 .7TH20, 1% solution ................... 1 mL
CaSO4 .2H20 , saturated solution .............20 mL
Trace elements (see below) .............oooeee. 5 mL
Reagent-grade water ..., 968 mL

gt s
‘Trace elements 33Ul jalial)
Reagent-grade water ............oooiiiiiiiii 920 mL
ZnSO4 . TH20, 0.1 % SOIUution .....cooeviiiiiiiiiiiiinninann 10 mL
Mn SO4 .4 H20. 0.02% solution ..........cceeeiiiiiiiiinnen. 10 mL
CuSO4 .5H20.0.00005% solution ........cevveveevinnieennnnn 10 mL
Boric acid, 0.1% sOlution .......cooeveiiiiiiiiiiiiiiiiiiiiannnn. 10 mL
Cobalt nitrate , 0.01% solution ...........ccovviiiiiiiiiinnn 10 mL
Sodium molybdate 2H20, 0.01% solution...........cccceuevurueunaee. 10 mL
EDTA solution 2% EDTA with 7% ferrous sulfate
with 1 mL conc. HCI/100 mL .......ccoooiiiiiiiiiinnne. 20 mL




MP agar

Basal medium ... 1 L
Sodium acetate ..........cooeviiiiiiiiiiiii 0.1g
Sodium sulfide solution (make up and separately

autoclave a 10% solution of Na2 S.9H20 ............. 3 mL
AGAL. i, 15 ¢

Seite VY
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MY agar

Basal medium ......ooiviiiiiiiiiiiiiiiiiii 1 L
Sodium acetate .......ovvviiiiiiiiiiiiiiiiiiiiii 01g
Nutrient broth powder .......cooviiiiiiiiiiiiiiiiiiiin, 01g
Yeast €XtraCt c.ovvuviieiiiniiineiiieeiineiieeiinecinneenenns 01g
Sodium sulfide solution (see above) ........ccevvvniiinnne. 3 mL
AQAr ettt 15 g
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Dissecting microscope <asi (kY sl =
And sl Gphad Ol jerine ) gl

Lelisl 5 A jiall Ol pamioall Jail) ¢ Aadza (lind A& Jlazicly =
L) el (e Baa Lkl ) 30 ik

Loop Juesinls 4 il ald) Ladad =

Luladsaef g 3Ly i) ¢ Gpueastidele (A ) ga day m

Aas ) an Al Gl pexiisall
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(e ¥

AcS, SS, GS, SUC, 4l clil (e S0 5l day e ¢ 55) =
«],S,or LT

_V,o — V,Y e pH Lm\ [

el ala VY ddlal Alia s sa e A3l Jae (S m

gt y 4 / 1 !“
MSV:

(INH4)2S804 ..o 05 ¢
K2ZHPO4 oo 011 ¢
KH2 PO4 ettt 0.085¢g
MgSO4 TH2O ..o 01 ¢
CaCI2 2H20 ..o 005 ¢
FeCl2 H20 .. oo 0.002 ¢
EDTA 0.003 ¢
VItamin MIX coooeiiiiiiiiiiiiie e 1 mL
Reagent-grade water ..........cooviiiiiiiiiiiinian. 1 L
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Vitamin mix:

Calcium pantothenate ..., 001 ¢
JN ] Y3 ¥ PP 0.01 g
Bilotin oo 0.0005 g
Cyanocobalamin ...............ooo 0.0005 g
Folicacid ....uvvuiiiiiiiii e 0.0005 g
Pyridoxine ..o 001 ¢
p-aminobenzoic acid ... 001 ¢
Cocarboxylase ... 001 ¢
TNOSItOl oo 0.01 g
Thiamine ......ovvviiiiiiiiii i 001 ¢
Riboflavin ...ovvvviiiiiiiiie 001 ¢
Reagent-grade water ... 100 mL

Seite YV

AcS:

Sodium acetate ...........ooiiiiiiiiii 015 ¢
Sodium sulfide 9H20 ... 0.187 ¢
MSV 1 L
SS:

SUCIOSE «uviii i 015 ¢
Sodium sulfide, 9H2O ... 0.187 ¢
MSV 1 L




GS:

Glucose ..o 015 ¢

Sodium sulfide 9 H2O ..................... 0.187 ¢
MSV 1 L

SUC:

Sodium succinate ...........oooiiiiiii 015 ¢
MSV 1 L

S:

Sodium sulfide 9H20 ... 015 ¢
MV 1 L
LT :

Sodium lactate .........oooviiiiiii 05 ¢
Sodium thiosulfate ..........ccoooiiiiiiiiiii 0.5 g
MV e e, 1 L
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Membrane Filter Technique for Pseudomonas
aeruginosa
CE
1.1.1. M-PA agar
L-Lysine HCI ... 5 ¢
Sodium chloride ... 5 ¢
DS T IS (i v lo S 2 g
XYIOSE o onviii 25 ¢
SUCTOSE ettt 125 ¢
| I Lot (e 1 U 125 ¢
Phenolted ..o 0.08 g
Ferric ammonium citrate ... 08 ¢
Sodium thiOSUIfAte .. ..uuueee e, 68 g
AGAL Lo 15 ¢
Reagent grade water ........oooviiiiiiiiiiiiiii 1 L
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LY A+ 10 xie Bl pH daniay

IS e

a1 Jdloo Jay =

LY +/-Y)) xe pH L acl =

fana VYT Cpan il s il A A goad) Claliadl Caal =
10+ 2aaluSa gl s ana TV sl Gli€oadl ¢ ane Ao i€
. ("\;A

e VY X 00 (o Bl 8 Jle ¥ e p s Ll aas
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Modified M-PA agar
dpnl €M 5 (panseliS ¢ pansiin S L) Cilima (38l Al Al Jie
Milk agar (Brown and Scott Foster Modification):

Mixture A:
Instant nonfat milk .......oooeiiiiiiiiiiiiiiiiiiii, 100 g

Reagent-grade water .......cooivviiiiiiiiiiiniiinnnnnn.. 500 mL

Mixture B:

Nutrient broth .......oooiiiiiiiiiiiiiiiiiii, 125 g
Sodium chloride ......ccoiiviiiiiiiiiiiiiiiiiiiiiin, 25 g
AQAL ettt 15 ¢
Reagent-grade water .......ccoveiiiiiiiiiiiiiiiiiinenn, 500 mL
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Ltz s
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Wi 00 (Ao 3y caie e

S A dle Yo Y ClaSig sy phadall 7 el dalea 43 jhaye
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Presumptive tests sl i Ladye

) pmdal) sbaall (e Aal) e S8 5 e Yoo &
e il Apde | J0A daliall Clelea s 3 Jle 00
(M-PA) 4l (0 G e slie JS g daal)
Lsiedan 0 +/- £) 0 N Guas Gyl )
Aclu VY 3adl
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Confirmation tests dasial) e Luay)

Ao gaill i pamiisal) AUl laT A8y Santisd
(Typical and atypical) 43 gai yuall

SWwyié\Ydﬁh\}hd&\ L]
- Vo die Guaay clll Jlal (e B e A e
Aol V6 saddugieda o ) 4/
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Multiple-Tube Technique for Pseudomonas

aeruginosa
i)
(sl ) 3 »Asparagine broth
Asparagine, DL ... 3 g
K2 HPO4 . 1 g
MgSO4 ,TH20 ... 0.5 g
Reagent-grade water ............oooiiiiiiiiiiiiii 1 L

?5‘3"“‘ Ja8 V,\' — Teq 2ie 44l pH Lyl

Seite €4
) (taans!
L) (3 mAcetamide broth
Acetamide ... 10 g
Sodium chlotide ... 5 g
KH2 POttt esenes 0.73 g
MGSO4 [TH2O ... sees .. 0.5 g

\.J};a dLAJ}}_,_\ L;Phenolred d}\:\d\ JA;‘ e\); \,Y g_mi
paadll JE VY Y)Y die pH dasal ale JNA
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Procedures Gkl
Presumptive test Sl Laay)

Luadl e J3 5F Ol Y aad 3 5l o ke cpad 5Ll
Voaladin) Alla 8 3 5l ddeLiae Al e Jle Vo
Al e Jlo
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Confirmed test sl sy
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Coliform Cellular Stress (Injury)

dale 385 1Y
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LLaall 8 288 JMA e dald cdgalall 3380 Jiaill ciilee
s Y]

¢ RNA i€ g g )l aleal (& Jlas =

=S gl paalal AN g oAy dbaall & S .
Single and double strand breakage in DNA LIS o5 )

Leakage of cytoplasmic a3 sid) <l K (& @y 5l =
.constituents




gtz Ry = e '@@“ﬁ‘;

[

¢ Permeability 4l Adall a5 8 <l i) o28 (g (sl =
Oy il Ji5 Gl (555wl (g ol (5l sl (ailiasd
J2 Cellular repair 1l z3uadd < o) ) cullas
LA B il g galll gan Ayl

AWl any o a3 ladl) o 51l L S aal 5 e CadS))
Glalee :\4..\.»\_'\4?3:: ucﬁ\.g_\‘iow\ul.u&ghcuﬁ
Dsa AlSal il (5 Sl Gl el ala sl il dalladl)
llgiadl Y jedd) Jal ol

gtz Ry o e '@@“ﬁ‘;

[

: 08 obuall juaa b LA Layy Ciraa gl ) )

AL aleally & olal)

Y gl *

Ayl oLuall *

a3 58 YL dallad) *

e s DS G Gapedaall (il dpulic pre ¥
CT wvalues u=_dll

adll e darall Ll *

clasil JMA (e Antagonistic responses il *
Adlle LSy 44 o 555 el by Sl




Sublethal inactivation 5@ e Jayfill (o jeii U p<GH o2 =
Hypersensitive il i jie muaid
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BIEN L;‘ S %9 23 j QL'AJM APES Jlaaly :\,.IM J\)ai
s On b bl & a1 Aaleall Jalye JMA JiYal

anlia el S el el e 5 el L S




O LS e Alea B dpasell A LS e
Quu\} NEA| < Sl agilia &J)JL Caaly Injury J\).mm
55 Lading 5 loadl i yed) ol UL, dalleall AL
ol ly e elyy Leeddl 2y A% Virulence 4wl il
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Recovery Enhancement
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Al (6 AL pealinl) il o Alle S 3558 38 5 e o
(QC/QA 383 gal)) Chelating agent 48l e (a yal

(QC/QA 35% gal)) (Al Ga) e 2a

Jslae aadial ALEN Caleall Gl gl 2a g (8 i) (a3 vic
plaaiul e 3a 5 Buffered peptone water Gsindl ela (e alaie
Buffered water bl ¢l
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Stressed or injured ida griadll Ji 3 )liaal) K (iled) =
«Enriched aaddday A Gliall sy o organisms
_:\.Lujhﬁ‘)\ﬁg\;_)dm:\ﬁlﬁ_ﬁé

Multiple tube 833xiall pedill Canlil JLia) milis ) o5 Laadic =
Membrane zd il 4nief #ils (edile fermentation test
ol LAY Gadlaiul o e dadle dla (558 filter
sl sasl 5 Jexial 5 Tnjury =Y Juaial @llia ()5S 4ilé Jals
3 baal) L il e il 8 Al Bl e S

gtz (s
e A8 Jhal e il YA e 3 laall L sl
:Metabolically injured

de )3l Al dlae W) o GAl YA e Wa s g & Hla (S
Al &y e yelas il alacY) &y Minimal media sle
.Complete media

e Al Apde aladiialy A0S ¢ ol o8N L S (aMAs, Y
Recovery of Injured Total Coliform Bacteria Using
Membrane Filtration
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.m-T7 agar
b LS Al S iy eSS Galud) i il dntie | A8k e m-T7 A podiiad

Proteose peptone No. 3 ... 5 g
D T S < Yot 3 g
Lactose ...oovviiiiiii 20 g
Tergitol 7 ..o 0.4 ml
Polyoxyethylene ether W1 ... 5 g
Bromothymol blue .................o 0.1g.
Bromocresol purple ... 0.1g.
AGAL L 15 ¢
Reagent grade water ............ooooiiiiiiiiiii. 1 L
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Arsieda )y 80 s (s y a8 )
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Recovery of Injured Fecal Coliform Bacteria
Using Membranr Filtration
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Enrichment-temperature acceleration
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Gleln € 32l 45500 Y0 2ie piandll g 568V &) Jsid (3 5a
VY sad Aysie £60 e M-FC 4w o (peanilly de s
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Aeanadle al) Bl (e I juma ¢ AT JS *
(MJBAYW_YY)E\AJA]\BJ\);Q;JJGS:.\,O O s danadial g
Baal €€ 0 e ddclu § 080l dyda Yo e sl de giia
(Stuart et al., 1977 ) 4=l YA
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Temperature acclimation Green )l a8l | ¥ ¥

Elevated 4= yall 3 ) jall 48 jlal 5 sdai o 48y ylall o2a
Baall Guanill JUA (e temperature procedure
e Alelu 0 334 M-FC 4w e g ) 3lll Preincubation
Y o/t VA sad Ay g £5,0 e Guaailly de st oy sie YO
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Verification of stressed fecal coliform
bacteria

selectivity & (e J Ly 3kl 5 Glinll Jaaas
A e 5 Al O 1l LSS Gl et B i
oo Ju Yl (e (3880 ¢ Aare 43y Hha o) calaatind 130

Adias Glue (e o8 31 Ol yartiall (0 Y Vo
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Recovery of Stressed Fecal Streptococci Using Membrane
Filtration
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.(Lin, 1974 )Multiple tube fermentation 3l jeadll ]
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Rapid Detection Methods
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Seven- HourFecal Coliform Test

Jlanina) ae (S5 rad ill dpdie ] 45 Hlal dglie 43y Hhall 028
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M-7 h FC agar (e W jpani o 5l I3 5ala 5 ) pea o dalie (585 Y Lay ) 42l 02
(s lisSa
Proteose peptone No. 3 or polypeptone ........................ 5 g
Yeast EXIACE ..uviieti it 3 g
Lactose ..o 10 ¢
d-Mannitol ..o 5 g
Sodium chloride ... 75 g
Sodium lauryl sulfate ... 02 ¢g
Sodium desoxycholate ..............oooiiiiiiii 01 g
Bromocresol purple ... 0.35¢g.
Phenolred ... ... . 03 g
AAL Lo 15 ¢
Reagent-grade Water ..........ooooiiiiiiiiiiiiiiiii 1 L
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Bioluminescence Test (Total Viable Microbial
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Neopeptone-glucose-rose Bengal aureomycin agar

5 g. neopeptone, 10 g. glucose, 3.5 mL rose Bengal
solution (1 g/100 ml reagent-grade water), 20 g. agar

in 1 L reagent-grade water.
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