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FRFEFACE

The Eegional S¢us Programme was initiated by IINEP ig 1974, Since then the Governing
Conncil of UNEF has repeatedly cndorsed a regional approach to the controf of marine poliotion and the
management of maring and coastal resources, and has requeszed (he development of regienal action plans.
The liggional Seas Programme at present includes 12 regions and has over 140 coastal states particl patin
imit {1y, {23, .

One of (e baslc components of the action plaus sponsored by ITNEF in Uie famewor of the
Eegional Seas Programime is the assessment of the siale of the marine environmam aned of 88 resources,
and of the sources gnd trends of the pellutici, and the impact of pollution on human heglth, oacine
googysteins and amenities. [0 order 1o assist those participating io this activity, and to cnsure that the data
obtained threwel his 45sessment can be compared on o world-wide basis and thus contribute o the Global
Environment Maniwring Svstem (GEMS) of UNEF, = set of Reference Methods und Guidelines for
maring pollution swedics is being doveloped as part of a progranune of comprehensive technical suppozi
which includes the pruvision of expert advice, reference methods and matenials, training and data quality
assance (1), The methods are recommended 10 be adopted by Covertunents participating in the Regional
Seas Programurre.

The wmethods and fuidelines are peepsred by, ot in cooperation with, the relevant spocialized
bedies of the Tnijed WNations systern as well as ohor organizations, and are tested by 2 number oI cxperts
competert in g Meld relevant o the methods deseribed.

Lu the: deseription of the methods and enidelines the style used by the laternational Organization
for Standardization ([S0) Is foltowed as closely a5 possible.

The methuds and guidelines, as published in TINEP's series of Beference Metheds for Marine
Pollotion Snadies, are not considercd as final. They are plinned o be perodically revised taking into
account e develspmcnt of our understsnding of the problems, of analytical ingtueniation and the
actual peed of the ysers. o ondor to facilitate these revisions, e users gre iovited o convey their
comueits and sugpestions to:

WHOELRO Project Oifice

Courdinating Unit for the Mediterranesn Action Plan
4% Vassilzos Konstaninou

F.C). Box 18019

GR- L1610 Athens

GRERCE

which is responsible for the development and preparation of microbiological and other health-ralaled
Reference Methods.

{1} LBLE- Achizvernenls apd p]an:bc:d dc:'.rel.apme-d af twe (M EP's Rﬂs.ifll'l.!l Sens ngranum and
comnparatla poerirmme: sponsored by cther bodies, UNEP Eegienal Seus Foparts and
Brodies Mo. 1, UNEFP, 1982,

(P HUTM: Aostrateyny for the Szas. The Beglonnl Senz Brogeanime: Tast and [Fue, LINEFP 1983

(1} [NEPTAE AL Beference dethods el Matenals: A Prograrerms for omprehensive supgon for regionel
and glabad vyanne poellulion asseannests, [IVEF, 1920
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This revised issue of Refercoce Motloxds [or Marine Pollulion Stodics Wo. 30 was prepared by duw
World Hoalth Organization on the basis of a review of the Method during expert meetings and commants
frow individoal scientists whe tested the Mathed. The assistance of all those who contribuicd to this
1evised issuz of 1l Relerence Merhod is gracefially ackoowledged.
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1. INTRGDUCTION

The gverall objectives of the Long-term Pragrarnme of Pollution Monitoring and
Research in lhe Mediterranean Sea {MEDC POL Phase 1), which constitutes the
environmenial assessment component of the Medierrangan Action Plan, adopted by
the governments of the region in 1975, inciude the assessment, on a continuing basis,
of iha state of poflution of the Mediterranean Sea, the identification of the sources,
pathways and effects of polluiants entering into it, and the establishment of temporat

trends i paliution levels,

In arder 10 assist aboratorios participating in this activity and to ensure the
necessary degres of intercormoarizon of data, a set of reference melhiods and guidefines
has been developed by the Regional Seas Pragramme of UNEFR in cooperation with the
relevant spacialized agencies of the United HNations systermn, as well as other
organizations. In these reference methods and guidelings, the style used by the
[mtemational Organization for Standardization |50} is lfowed as dosely as possibie.

In common with other microbiclogical metheds and guidefines regarding
efiluents, coastal recreational waters and shellish areas, the original version of this
docurnent was prepared by the World Heaith Organization within the tramework of the
MED PCL Programme and issued by UNEF's Regional Seas Programme as part of its
Reference Methods for Marineg Paoliution Studies seriss.

Actual preparation of methods and guidalings falling within the rasponsibilily of
WHO is entrusted to competent microbiologists with experience of the relevant
characteristics of the Maditerranean marine ernvironment. Following its preparation in
draft form, gach method is reviewed by internationai experts in the feld, either
individually or {normally) during consuftation meetings. Following their issue in
substantive form, methods and guidelines are distribuled to Meditarranean laboratories
and are periodically updated and/or ravised on the basis of experience.

2. SCOPE AND FIELD OF APPLICATION

The methods described are suitzble for isclation and/or enumeration of
salmoneltae in goastal recreational and shelifish waters. A separate technigue is given
for 5. typfi. The methods described have three main advantages:

1. They provide a high recovery rate of Salmoneifa organisms.

2. Thay inhibit efficiently the growth of competitive organisms and especially of
lhe bacteria which produce Saimoneialike colanies on plating media,
saving thus tine and media.

3. Their enrichment media can be prepared in advance and then stored for al
least three months, and they are cheaper than most of the media wraditionally

used,

Salmansailae are always pathogenic bactaria far humans and they are widely
distributed in animals, Raw joods, especiaily of animal origin, are often contaminated
with these organisms. Sewago, food industry effluents, rwer and drainage water entering

the cas FAantain o lrmmmmilas - eo.e sl ee o et



The organisms ¢o Not survive in seawater and although their die-off rates (TS0
have not been well studied. the TOO time for salimonellag seems 1o be simitar to that of
coliform bacteria. Solar radiation and temperature scem to be important factors far the
die-off phenomenon. However, when imerpreting results of the Safmonella isolation
technigues, the following should be taken into account:

1. Salmonchiae are bacteria of intestinal origin.
2. The izplation tachnigques are not 100% effective.
3. The organisms die repidly in seawaler, especially under strong sun radiation

and high temperatures.

3. ODEFINFTION

Tha genus Salmonalia iz composed of Gram-negative rods that cornform to the
definiion of the family of Enterobasteriaceas. They are oxidase-negative, catalase-
positive, and do not either hydrolyze urea or deamingte phenylalanine. The majority of
strains are motile, active H,S producers, usually beta-galactasidase nagative, form
iysine decarboxylase, and grow in citrate, but not in KON media. Salmanellae produce
acld and gas {with a few exceptions {or gas) from glucose and attack mannitol, usuatly
duleitnl, and sorpited. By biochernical reactions they divide into 4 subgernara. Mare than

2200 serovars have baen recognized,

4. PRINCIPLES

Sampies of seawater are collected in sterlized bottles or disinfected plastic
containers. An appropriate sampiz volume or portions of decimal dilutions of the initial
seawater sample are passed through 0.45 um porg size membrang filters which are
transferred inte pre-ennchrment media. After incubyation, enrichment media are
inoculated and incubated at the appropriate temperatiurs. Selective agar plates are
seeded from enriched media and, afler incubation, typical Safmoneda colonies are
picked for subseguent bicchemical and serological identification. Culturas with typical
or suspect Saimonelia reactions are shipped 1o a Salmeonelia Reference Centre tar

complete identification.

5. APPARATUS AND GLASSWARE

5.1  Sample bottles of dark coloured borosilicate glass for surface seawater of 2 lires
capacily, wide-mouthed and with ground-giass stoppers, or plastic containers
of 2 litres capacity with a well fitling stopper {occasicnally of 5 litres capacity).

5.2 Sampte rod of non-corasive material with a clamp to hotd the sampling Battle
(Figure 1}.

5.3  Subsurface sampler of the type shown in Figure 2, or similar, complata with
plastic rope and weight,

5.4  Thermoisotaied plastic boxes with cooling pads or similar cooling units {camping
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Figure 1. Subsurface sampling with extension arm,
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Thermometer, G to 50 *C, precision = 1 °C, preferably of unbreakabie plastic,
to ba used for checking temperature in plastic baxes (5.4).

Fitration apparatus for 4.7 om diameter memorane filkers consisting of at least

three filter funnels for simultaneaes fitration, made of boresilicate glass or other
nondowic sterilizable matenal [excluding metal fiter holdars and funnels),

complele with electric or water vacuum pumnp.

Air or water incubator thermostatcally controllad at 36 = 1 °C, and &ir incubatar
thermostatically contiofled at 42.0 + 0.2 °C, preferably with a water jacket.

Autoctave, with a maximum pressure af 2 atrm, eiectric or §as, and sensitivity of
0.2 bars.

Dirying oven for sterifization up to 170 °C.

pH mater, precision = 0.1 pH units.

Staintess stael forceps.

Analytical batancs, pracisten + 7 ma.

Refrigerator thermostatically congolied at 4 = 2 2C.

Petri dishes of borosilicate glass, 9 cm diameter. completa with stainlass steet
containers for steriization, or disposable pre-stertizad plasic petr dishes.

Etlenmeyver flasks of borosticate gilass for megia preparation, of 500 mi and 1
litre.

Borasilicate glass bacteriological culture ubes.

Wide mouthed jars, of 100-120 mi and 350-500 rmi, with stainless sieal {or non-

- corrosive) screw-caps, which can be sterilized in an autociave.

Fipeties of borosilicate giass with tatal volume (blow-out) of 1, 5 and 10 mi
cagacity, wilh stainless siesl containers for sterifization.

Automatic pipettes for measuring 0.1 mi, with disposable pre-sterilized tips, or
pasteur pipettes of 0.1 mi {approximately).

Graduated borosilicate glass cylinders of 100, 500 and 1000 mi capacity with
glass beakers for cover.

Durham tubes for collecting gas produced during the glucose fermentation test.
Screw-capped bottles, of 5 mi ‘bilout), 100 and 250 ml capacity.

Small glass tubes (10 x 55 mm.

Starla MG erndinm rhlaricda enqbotinn



5.31

6.1

Elides ior microzcope,

Fatyvalent-0 and polyvzlent-H Vi, 09 and Hd Safimoneaifa agglutinating sera.
Bacteriatogical icops made of 2 mm diameter. A straight wire is alse reguired.

Feavy wrapping Daper.

Ruhber stoppers size no. 0. To bi siefilized in wrapped petri dishas at 121 °C
far 15 minutes.

Membrane fitters, 0.45 um pore size, 4.7 om diameter,
Notg: The 0.45 ym pare size membrane iilkers showd be certified by the
manufacturer to be free from substances which may hinder the growth

and developmeant of bacteria. Maxmum recoveries are oblained using
membranes cornposed of mixed esters of atllulose.

Filters, 1.25 pm pore size {appreximately), and 4.7 ¢m diameler.

CULTURE MEDIA, CHEMICALS AND STOCK GULTURE
Mote: The compaosition of the media 15 bazed on one litre solutions of siridar

units. Before preparation of media and sglitions, the actual needs have
o be established and amounts must be chosen accordingly.

Buffered Peplone Water (EPW)

Pepane 10,0 g
Sodium Chloride 50g
Disadium phosphate 35849
Petassium dihydrogen phosphate 1.5g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 hre of distilled water. Distribute 80 mil

{approximately} into 100 mf jars. Sterilize at 121 °C for 18 minutes. Final pH after
autoclaving should be 7.2 + 3.2, 8PW can be stored at ropm temperature for 1.3

months, if screw-caps are ar tight.

6.2

Rappaport-vassiliadis Medium (RV)

Soiution &;
Bacto-tryptone . 05g
Sodium chleriae 0Eg

Paotassiurmn dihydrogen phosphate 0.16 g
Cistilled water 100.0 mt
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Schilion B:
Magnesium chioride 65,0 400 g
Cistilled water ) 100.0 rni
Solution 2
Mailachite green oxalate 04g
Distiiled water 1030 mi
Freparation of final medium:
Salution & 100.0 ml
Sclution B 10.0
Sofution C 1.0 ml

Preparation: The final medium is distnbuted in test tubes in 10 mi portions for
immediate use| or in 50-100 ml portions (for storage) in screw-capped bottles ana
sterilized at 121 *C for 15 minutes.

Mote: Solution B is prepared by dissolving the whole content of a bottle into the
appropriate volume of distilied water, for example: 100 g of MgCl, 6H.,O
are dissolved in 250 ml distilled warer. Preferably anaiytical grade
magnesium chloride, kept in well seated bottles, should be used.
Seiution B can be stored for a long time at raom temperature. Sojution
C can stored in a dark botils protecied fram the fight. The sterilized finat
medium can be stored in a refrigerator for at least 3 months,
Commarcially available debydrated medium of the same compasition can

be uzsed.

6.3 Medified Rappaport's Medium (R25)

Spiutions A, B and C are prepared as for the AV medium.

Finat medium:

Solution A : 100.0 ml
Salution B 10.0 mi
Solution C 2.5 ml

Freparation: The final medium is distributed in test tubes in 10 ml portions {for
immettate use) or in 50-103 ml porticns {for storage) in screw-capped botiies and
sterifized at 121 “C for 15 minutes.

6.4  Selenile Cystine Broth (SCEB)

Tryptone , s0g
Lactase 404g
Disodium phosphate 10t g
Sodium acid selenite 409
L-cystine G011 g
Distilled water 1.0 litre

Freparation: Distribuic the medium in sterite test tubes in 10 mi portions for

i Asiebo sime e L £ A ] marimen fem omarrar e el b mlilse e abmememnl Choaen



far 10 minutes, DO NOT AUTOCLAVE. Sinal pH after preparation should be 7.0 £ 0.2,
Store in a refrigerator. Old tubes or baities in which even a slight evaporation has taken
place shauld not be useq. The medium iz commercialy available,

B.5

6.6

Imporiant Nate:; Thig mediumr should not ba handied by pregnant wamen.

Brilliant Green-Deoxycholate Agar (BGDA)

Lah. lemco powder
Bacteriolngical peptane

Yeast extract

Disodium hydregen phosphate
Sediurn oihydragen phosphate
Lactose

Sucrose

Phenci red

Brilliant grean

Agar

Distilfad water

50¢
10.0 g
30g
1.04g
06
100 g
1009
0.08 g
0.47 mg
12049
1.0 litre:

Freparaiion: Heat gently (o dissolve completelty the ingredients. Avoid
unnesessary, praionged heating. DO NOT AUTOCLAVE. Add 2.5 grams of sadium
deoxycholate ta 1 litre of mediumn. The final cH should be 6.9 = 0.2, Cool and pour into
petri dishes. Plates must be dried until na cendensate water is presant. Overdried platas
should nol be used. Plates can be stored in a refrigerator for 2-4 days, until they

became excessivaly dry.

Nate: Commercially available denydfrated medium of the same compaosition can

be used.
Bismuth-Suifite Agar (BSA)

Beef extract

FPeptone

Dextrose

Disodium phasphate
Ferrous sulfata

Bismuth sulfate indicator
Agar

Brilliant green

Distilled water

2.0g

10.0 g

509
4.0 g
0.2 g
8.04g

20.0n

0025 q
1.0 [itra

Preparation: Heat gently until the medium begins to boil and simmer far 30
seconds 10 dissolve the agar. Cool and, after efficient agitation for homogenization, pour
thickly into plates. Fina: pH should be 7.6 £ 0.2, Dry the plates befare use. [a not use
plates that are overdried aor more than * Jay ald

Note: Tha dehydratad medium is commercially available.



6.7 MacConkey Agar (MCA)

Feptone 20C g
Lactase 100 g
Bile zalts 5001
taulral red 0.0v5 g
Agar 120 g
Chigtilied water 1.0 litre

Preparation: Heat to dissolve campletely. Sterilize by autoclaving at 121 °C for
15 minutes. Mix well bafore pouwring. Final pH should be 7.4 + 0.2 Dry the surface of

the gei before inaculation.

Mote: Commercially available dehydrated media of MacConkey agar or MCA
farmuize can be used.

6.8 Hekitoen Enteric Agar

Frotesosc poptone 1209
Yeast extract 3.0g
Lactose 12.0 g
Sucrgse _ 120g
Salicin 2.0g
Bile salts Mo 3 90¢g
Sodum chloride 50¢
Sodivm thigsulphate 5.04g
Ammeniumn ferric citrate 15 g
Acid fuchsin 0.1g
Bromothymol blue QOGS g
Agar 14.0 g
Distilled watar 1.0 litre

Preparation: Soak ingredients for 10 minules. Heat gently and allow to boil for
a few seconds to dissolve the agar. DD WNOT AUTOCLAVE. FinalpH 7.5 = 0.2. Coal

to 60° C and pour plates.

Note: The medium is commearciaily available.

6.9 Salmonella Shigeila Agar

Lab-Lemeco powder 504
Paptone 5.04g
Lacioss 100 g

Bile salts 8.5qg
Sodium citrate 10g
Sadium thiosulphate S g
Ferric citrate 10g
Brikiarnt gresn 0.00033 g
Meutrat red : 0025 g
Agar 1509

Fui_artio 3 . _a o 4 M ldan



~reparaticn: Soak ingrediznts for 10 minutes, Sring to the boil with frequent

agitatien and adow to sirmmer gently 1o dissolve the agar. DC NOT AUTOGCLAVE. Coo
to about £0° O, mmx, and oour in Peti dishes. Final pH 7.0 = G2,

Hote: The medivm is commercially available.

6.10 Kligier lron Agar (KIA)

Meal exiract 300
Yeast exiract 30g
Peptonea 200 g
Lactose 100 g
Dexirose 1.0 g
Ferric citrate 03g
Sodium thiosulfate 02g
Sodium ¢hloride 509
Fhena! red 0.05 g
Distilled water _ 1.0 litre

Preparation: Dissolve the maredients by heating and dispense in tubes. Steviiize

at 121 °C far 15 minutes. Final pH after autoctaving should be 7.4 = 0.2, Allow ta ser
as slopes with 2 cm {approxirnatety] butls.

6.11

Mote: The rmedium s commercially available.

Blood Agar Base {BAEB)

Beef heart, infusian from S00.0 q
Bacto-iryptone 100 g
Sodium chloride 5049
Agar 150¢g
Distilled water 1.0 fitre

Preparation: Cissolve the ingredients completaly by heating. Distribute in smail

tubes (10 % 85 mm) and sterilize at 121 °C for 15 menutes. Finai pH after autoclaving
should be 7.0 = 0.2, Sterile rubber stoppers repace the gotton plugs afier stenlization.
Small screw-cagped bottles (bijout) can atso be used instezd of tubes. Caps should be

kept loase dunng sterilization.

Well sealed tubes or bottlas can he stored at room temperature until use for

ingculation and shipping of cultures.

Note: The medium and similar blood agar base media are commergially
available.

6.12 Simmons Cilrate Agar

fdammacinrm =oliate
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Sodium citrate 204
Sodium chioride 5049
Agar 15.0¢0
Eromothymol blue C.08 g
Distilled water 1.0 litre

Freparation: Dissolve the ingrecients by heating. Distribute in tubes or bottles
and sterilize at 121 °C for 15 mirutes, Final pH after autoclaving should ba 6.8 = 0.2,

Aliow to cool In semi-slart positicn,
Mote: Dehydrae medium is commercially available.

£.12 Decarboxylase Test Media

Basal medium

Yeast axtract d0g
Dextrose 109
Bromoresol purple {1,6% ag. sat.) 1.0 mi
Distilled water 100.0 mi

Freparation: The basal medium is diviced in 4 portions. Llysine 0.5% {w/v) is
added to 3 portions of the medium and al! £ portions are sterilized at 121 °C for 15
minutes. Final pH after autoclaving should be 5.1 = 0.2, Prior to use, 3 ml of the
compiete medium are transierred to sterilized small test tubes {approx. 10 x 95 mmy)
wilh rubber stoppers. A tube with the basal medium (withaut L-lysing) shoufd also he
usedd in each series of test

614 Urea - Phenylalanine Broth (Ureaa-PPA]
{For the detection of urease and phenylalanine diamnase)

Yeast extract 1.0 g
Ammonium sultate {oryst) 2009
Sodium chloride 3.04g
Discdium phosphate ' 1.2 ¢
Sodium dihydrogen phosphate 0.8 g
DL-b phenyialanine 2.0g
Distilled water 7.0 mi

Freparation: Dissolve by gentis warming. When solution cools 1o room
termperature, add 5 g of urea and 3.5 mil of phenal red solution (0.5 g phenoi red, 20 ml
.1 N NaOH, and 220 ml distilled water}. The complete medium is sterilized by filtration
through a Seitz fillre, and distribuied under sterile conditions in 10 mi portions,
preferably in screw-capped bottles or weall sealed sterife containers, To use the medium,
prepare 110 dilutiens {1 pant of medium plus 9 parts sterite digtilled water) and
distribute in small test tubes (approx. 10 x S5 mm}.

Note: The reagents for the PPA reaciion appear in section 6.18.

6.15 Trypione Water
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Freparation: Cistribute in test fubes i portions of no less than 5-6 mb. Sterilize
at 121 °C for 15 minutes. Final pH after autaclaving shooid be 7.5 > 0.2,

615 MAR-VP Medium

FPemtone £0¢g
Glucose 50qg
Dipatassium phosphate adtg
Distilled water 1.0 litre

Preparatiar: Distribute in tubes and sterilize at 121 7C lor 10 minwas. Final pH
after autaclaving should be 7.5 = 0.2,

6.17 Bcta-Galactosidase or ONPG Test
It ig recommended 10 use commercially availaple disks for ONPG test.

5.18 QCarbohydrate Fermantation Media
Easal medium

Feptone 10.0g
Beef extract 204g
Sodium chiloride s.09g
Sromothymal blue selution 12.0 ml

(1 gram bromothymol blue and 235 m),
0.1 NaDH, in 4756 ml distiiled water
Distilled water 1.0 lilre

Freparation: Dissolve the ingredients by heating. Final pH after awtoclaving
7.0 = 0.2 Divide the basal meciurm into 4 parionz and add to each the following

sugars: giucose 1%, salicine 0.5%, and lactose 1%, Alter adding glucose, add the
invertad durham tubes. Sterilize at 121 °C for 10 minutes.

6.19 Test Reagents

6.19.1 Kewwac’s indole reagent

Paradimethyl amino-benzald=hyde 5049
Amyi alcohol _ 75.0mi
Concentrated hydrochioric acid 250 ml

Freparation: Dissolve the benzaldehyde in amyl alcehol and add hydrochleric
acid. The reagent should be yvellow, Only Figh grace analytical ingredients should be
used.

6.19.2 Barrit’s reagenis for Yoges-Proskauer test

i. Alpha naphthof in abzalute aleshgt 0.56%

N Oedoesh e Formiemoieds AR
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6.19.3 Methyl red reagent

ety red D1g
Ethyl alcahol 300.0 md

Preparation: Dissolve the dye in the alcohol and then add distitled water i
500 ml

Test procedure: 2gd 5-5 drops in S mi of a 24-h culture in MB-YP medium. Read
immediataly.

6.19.4 Phenylalanine reagents {for PPA test, 6.13)

Hydrochioric acid 0.1 N
Ferric chloride 10.0% {aqu. sol.)

Test procedure: After reading the urgasa test, add a faw drops of 0.1 N HCI until
colour appears. Add a {ew drops of 10% FeCl, and shake. A dark green colour

indicates a posgitive reaction.
6.20 Thicsylfate Scdution

Preparation: Prepare a 10% (10 ¢,/1CC mi) sodium thiosulfate solution in distilled
water and sterilize by filtering througn a sterile merbrane filter (5.30 or 8.2). The
sterilization can be omitted if the soiution is prepared every 2-3 weeks and kept in the
refrigerator.

7. SAMPLING

Cetails of a sampling plan are provided in Part | of these guidelines.

7.1 Sampling of Surface Water

Aftach a cigan sterile bettle to a clean sampling rod (5.2). Immediately before
submergmyg the sampis bottle, remgve the ground glass stoppaer from tha botile withaut
touching the stopper cone. Immerse the bottle from the bow of the boat or from the
wancward side while the boat is moving forward Slowly. Push the bottle with the
sampiing rod 25 cm under the water surface with the mouth of the bottle downwards,
inorder to avoid contamination by surface film, them turn the sample bottle upwards and
take the sampie {Figure 1), The sterile sample bottle may also be filad directly by hand
{Figure 3}.

Retrieve the bottle and discard same water, if necessary, so that some air space
remains in the closed hottle, This space is neaded far homngenizing the water sample
at the receiving {aboratory. Raplace the glass stopper and store the sampies in the
clzan thermeisolated box with canling pads at about 4 °C, avoiding exposurg to more
than + 10 °C. Sgparate botiles from each ather with clean wrapping paper to avoid
breakage. Check the temperature with a thermometer svery 3 hours. Feport
irreautarities in the test repart. Label samole botiles indigating the sampling station, the
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Figure 3. Subsuriace sampling by hand.

7.2  Sampling of Subsurface Water

Lower the sterile subsurface sampler after attaching it to a ¢lean plastic rope,
withaut letting the weight disturb the bottom sediments {Figure 2). Aeleass the
messenger and after cne rminute retrievs the sampler and store it in 2 thermolsolated
box. Proceed as far sampling of surface water (7.1). ’

7.3 Sampiing of Sewage Effluents

Sampiing of sewage is relatively difficult because the raw wasle varies both in
camposition and in ficw, Jamplng shiould be perfarmead at points where there is 8 good
mixture of the maternal 1o be sampled, unafiected by earlier deposits. Composfte
samplas shouid be obtained wheh the aim is (o measure average quality over a petiod
not exceeding 24 hours, Sampling should be performed as described in 7.1 gebove. If
the bottle is fifled dircctly by hand, long rubber gloves, covering the hand and fore-arm
should be warn.

The water sample reoresents the est sofution.

Note: Itis known that the dis-away rate of bacteria at ambignt temperature in
the presence of fight is very high. Therefare, all efforts should be made
lo collect oniy the numider of samples than can be filtered and incubated
the same day. If this is not possibie, the samples should be storeg at
+ 4 %C and anayred not later than 24 hours aftar sampling.
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3. WASHING AND STERILIZATION OF GLASSWARE AND EQUIPMENT

8.1 Washing of Glassware and Equipment

All glassware and apparatus should be washed with non-toxic detergent, first
rinsed thoroughly with hot tap water and then ringed at least three times with distillea

water.
8.2 Sterilization of Glassware and Equipment

8.2.1 Suriace sample bottles

Wash glass bottles as described under 8.1, Dry and steritize them in a drying
oven at 160 °C for 2 houwrs, or at 170 °C for 1 hour. Before sterilization, place a small
piece of filter paper in the neck of pach bottle ta prevent the ground glass stopper from
sticking after cooling. After cooling to ambient temperature in the drying oven, remove
this fidter paper with sterilized forceps and fit the ground glass stopper securaly into the
neck of each bottle. Put the batiles into detergent-cieaned thermoisoniated boxgs.

Separate the bottles from sach other with clean wrapping paper to avoid breakage.

Wash plastic bottles as described under 8.1, then treat them with aicohal 558,
After adding an appropriate volume of alcohot 1o each bottle, they are thoraughly
agitated, keeping its stopper in plece. Alter 2-3 alcohol washings, the bottle is wsll
drained and kept in an oven at 40-50 °C temperaiura until complete avaporation of the
alcohal. The stopyer is also placed on a sterile petri dish to dry.

8.2.2 Subsurface sampier {5.3)

Wash the subsurface sampler as descrbed under (8.1), rinse with tap and
distilled water. Enclose each sampler in heavy wrapping paper ar aluminiurn foil and
sterilize them in an autoclave at 121 °C for 15 minutes.

2.2.3 Petri dishes and pipcties

Clean dishes and pipettes, complete wilh a cotfton plug in the mouthpiece, are
put intd suitable stainless steef containers and sterilized in a drying oven at 156 °C for
2 haurs, or at 170 9C for 1 hour.

MNote: Bisposable pre-storilized plastic petri dishes may be more economical to
use than re-usable glass petri dishes.

8.2.4 Filter funnels of filtration apparatus (5.6}

Laosen the filier-holding assermbly slightly and wrap the whaig filter funnel in
heavy wrapping paper or aluminium foil. Sterilize in an autoclave at 121 °C for 15
minutes, or in a drying oven at 180 <C for 2 hours, or at 170 °C for 1 hour.

8425 Membrane filters

Remove the paper separator {if present) and place 10 to 12 clean membrane
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¢cormpieted. let the steam escape rapidly in order to minimize the accumulation of
condenszate on the mambrane filters.

Mate: Steriired membrane Tilters are commercially avaitable.

8.2.6 Forceps

Farceps are wrapped in paper and sterffized at 121 °C for 15 minutes. §f they
have plastic parts which do not tolerate repeat exposure to Nigh temperature, or in case
of emergency, boil them for at least 20 minutes in distiled water. Salmoenellae and nen-
sparing ciganisms do not withstand such treatment.

8.2 7 Culivre tubes

Close culture tubes for gnrichiment media with cofton plugs or metal caps, and
starilized tham in an autoclave at 121 7C for 15 minutes, or in a dry ovan at 160 °C far
2 hours, ©r at 170 °C for t haur. Foliow the same procedure for sterilizatian of the small
tubes {10 x 85 mm) used for urease and decarboxylase tests.

9. TEST PROCEDURE

2.1 Principtes of Methodology

A direct isolalion or counting of salmonellae from seawater is impracticable
because:

a. It is not possible to inacutate large velumes of seawater on the sudace of
selectivo agar plates.

ti. The number of salmonellae s =0 smaill comparad o that of the nan
salmaonellae entaric bacteria that it is impossible o deveiop and isolate
characteristico on selective media,

c. Seawateris an hostile, inimical envircnment for enterobacteria. Consequently,
salmonelias are very oiten sub-ethally injured and thus unable to grow on
salective and even in enrichment madia. :

It has been abserved that 4 pre-enrichment step it & non-selective medium,
 followed by an enrnchmant technigue and plating on selective meadka, rasults in the
highast recovery of salmonellas.

isolation anc counting of salmonellae by this improved technigue requires
inoculation of large volumes of seawater into the pre-snrichment media. Apart from the
possible interference of seawater constituents during the pre-enrichment phase, the use
of large velumes of media and high capacity jars and incubiators is costly and time
consurming. To overcome these difficuiiies and to abtain a more predictable result, a
concentration technique can be used, by filtering an appropriate voltme of seawater

through a8 memuorane filter of the appropriate pore siza. After fiftration, the membrane
Fltar iz transferrad wvitn 2mall izre ~aetaimrees tha rrecanriaklrmsot fasices oae flanas
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bhecomes quantdative, Similarly (o the rrultple test tube techmgue, the tables cf the
iMost Probable Number can be usad to calzulate the concentration of saimonellac in a

given volume of seawater.

From the numerous enrichment rmedia available, the Muller-Kauffmann
tetrathionate broth, incubatad at 43 °C, was recommended as the mediurm of choice far
Saimoneffa isalation from meat and meat praducts (Anon. 1975). Howeaver, a seriegs of
publicattons have shown that a slight modification of Rappapert's medium {(Happaport
el al., 1956}, the so-called R2E medium {Vassiliadis et al, 1970), incubated at 37 °C,
was superior or ai least equaily efficient to the tetrathionate broth for isolation of

Salmonelia.

The more significant advantages of the R25 medium over the tstrathionate broth
are: 1) itis easter to prepare, 2 it can be stored ior at least 3 months, and 3) it is much

more econcmical.

Further investigations oy Vassiliadis and co-workers (Vassiliadis et af., 1575,
1978, 197594, 1979b, 1981, 1984; Papadakis and Efstratiow, 1980; Xirouchaki ef af.,
1282) showed that 2 more drastic modification of Rappaport's medium, the so-called
Rappaport-Vassiliadis (HV) medium, was definitely superior to Muller-Kauffmann
tetrathionate broth for Salmonedia isalation. These findings have been also confirmed
by gthers (Alcaide. et g/., 1982; van Schothorst and Renaud, 1983; Fricker &f a/., 1983;

Tongpin, Beuner and Kampeimacher, 1984).

An additional agvantage of the RV medium over the other enrichment media, in
addition to those mentioned for the A25 medium, is that the RY medium is maore
elfective in inkibiting competing germs and especially those producing saimonelia-like

colonies an the selective piates (Vassiliaciz, 1883).

9.2 Quezlitative Test lor Salmoneiiae in Seawaler

One iitfe of seawater is fitered through one or mare (in case of blockage)
membrane filters of 0.45 um pore size, using a sterilized filker apparatus. If seawater is
turbid and blocks quickly the membrane fiters, it is recammended to prefiter the
sampte through a fitter pad.

The membrane filters, including those used for prefiliration, are transferred with
sterile forceps into a jar conaining 80 ml buffared paptons water for the pre-enrichment
step. The membrangs are completely immersed into the medium and the jar is
incubated at 37 °C for 18-20 hours.

With a steriie {tip) automatic or pasteur pipette, 0,1 ml are transferred o 10 ml
enrichment RY madicern, which s incubated at 42* C for 24 and 48h. However if the
water sgmple is contaminated with Pseudomenas aeruginesa incubation at 43° Cis
recommended or verification of great number of typicat colonies is necessary. The
cofonies of Ps. seruginosa are very similar to the Safmonelia colanies, but at 43° C this
organism is refatively inhibited though salmonellae grow freely (Vassiliadis et &l 1882).
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After incubation, briliant green-aeoxycholale agar plates and Hecloen agar
plates are streaked at 24 and 48 hours intervals. The plates are incubated at 37 °C far

24 hours.

Typical salmonellae colonies are 2-3 mm diametar. smooth, red coloured, and
surrgunded by brignt red medium. Three 1o four of those colonies are inoculated into
tubes with Kiigler's medium and then incubated at 37 °C for 16.24 hours. The typical

reactions of salmonellas on Kiigler's medium are:

gas and blackening fH.S pradugtion),
abundant growth withaut significant change of the original colour of

the medum {red).

Butt
Slant

As a few strains of salmonellas may be anaeragenic or nat H,S producers, it is
recommended not {o discard those tubes without gas or without biackening.

Although the technigue described efficiently inhibits Proteus strains to flourish,
it is recommended to ineculata Kligfer's medium up to 510 mm from the top-of the
.slant. Proteus straing causing the same reactions that Salmongllag, often swamn to the
top end, a phenomenaon easily recocnized by careful gbservation.

From typrcal 24-hour cuitures on Kligler's medium, a slide aggiutination test is

performed using polyvalent-0 and polyvalent-H Saimonelia agglutinating sera. Culiures
with typical reactions and positive serp-tests are streaked an MacConkey's agar plates,
from where 1-2 isolated, smooth colonias are transferred to blood agar base slopes in
smalf tubes, and incubated at 37 °C for 13-24 howrs, The incubated tubes are shipped
to tha nearest Salmonella Reference Contre (or other laboratory) for {urther typing.

When suspect colonies give no typical reactions, then a series of differential tests
can he applied {see Takle 1).

9.3 Alternativa Qualitative Test for Saimonellae in Seawaier

The procedures is the same as described in the sectian above {9.2), except for
the use of the A25 meadium and a temperature of incubation of 37 2C {or 24 and 48

hiours.

Some aulhors {Harvey ef af, 1979 have found this technigues better for
Salmeneiia isatation from water. Moreowver there is no need lor an extra incubater at
43 ¢C. Nevertheless the use of RY medium and an incubation temperature of 43 °C
always results in a better inhibition of competing microbes and especially those
producing Salmonaiia-ike colonies on selective pigtes.

9.4 Qualitative Test for S, typhi in Scawater

One litre of seawater is filtered according to the previously described technigue
(3.2). Selenite cystine brath {SCB) is used as enrichment medium, instead of RV
madium. The broth is inoculated with * il frnﬁtead of 0.1 mi from the BPW jar and

incubatad at 37 “C,

_______
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Alter 24 and 43 hnurs of incubation the enrichment mediurm is subcultured using
a loop anto pismuth sulphite agar (B5A) and/ar 55 aqgar plates. Alf plates are incubated
at 37 °C for 24 howrs, and suspect calcnies are transferred io Kliglers tubes for
differential diagnosis. I regative, BSA glates are incubated for another 24 hours.

S. lyphi colomes grown on S5 madium are ¢olourless, non-lactose fermenters,
and of butyric consistency. On freshly prepared bismuth sulfite agar {(no more than 2
days ofd) 5. typhr develops dark colonies with a surrounding halo of black or brown
colour of the medium. On Kligler's medium, 5. typfi is anaerogenic with a faint amount
af blackening. For seralogy identification see the last section of this method.

as Cuantitative Tests for Salmaneilae in Seawater

When counting small numbers of saimonellas per litre, the following portions of
seawater can ba filtered; 1 x 300 ml. & x 100 mu, and 5 x 10 ml.

After filtration all membraneas are transferred 10 the properly labelled jars with 20
mi (approximately) BPW, and then incubated at 37 °C for 18-20 hours. Using an
automatic or & pasteur pipetie, transfer 0.1 ml from the BPW culiuras to propenly
labelled tubes with 10 ml RV medium. The enrichment tubes are incubated at 42 °C,
and aiter 24 and 48 hours orilliant green-deoxycholate agar piates are sireaked and
incubated at 37 °C for 24 hows (IS0 1990). Howaver, when Fs. aeruginosais present,
aspecially In high numbers, the incubation of RV medium should be at 43° C.
Salmaonefia-like colonies are subculturedinio Kliglar iron agar tubes for hicchemical and
seraiagical identification. The water portions giving a positive result for saimoneliae are
recorded and the MPN of saimonellag par litre is calcutated from the MPHN tables (Annex
1]. For example, if salmoneilag were isalated from the 500 mi fittration, from 3 of the 100
ml pertions, and frem 1 af the 10 mi portions, then the MPN af saimaneltae par 1 lifre
of seawater is 11 (Table 4, Annex 1).

The combination of water portions to be fitered depends on the laboratory
facilities, the expected conceniration of salmonellae in seawatsr, and the desied
accuracy ol the results, Tables 1 to 5 in Anaex 1 ¢an be used as a guidgline. The
combinatigns cansidered in Table 4 {11 fillrations} and Table 5 (9 fitrations} are

generally appropriate.

Salmonellae determination in turbid seawater, wilh high concentratan of
suspanded particles or aigae, require a pre-iltration step using 3 good quality filter
paper or a membrane filter. it is impartart that these pre-filiers should be cultured
together with the corresponding membrane filters of 0.45 pm porosity. If the water
turbidity is low, the filtratian step may be completed using 2-3 membrane filters
{0.45 pm), gvoithng the laboricus pre-filtration sten.

9.6 Alternative Quantitative Test for Salmaneilae

The procedure is the same as that described in section 9.4 abova, except tor the
use of the R25 medivm and 2 temperawre of incubation of 37 °C far 24 and 48 hours.
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volumes {eq. 10, 1, 0.1) are noermally recommended for use. {n this case, the direct
inoculation of sewage into a 10 times {approximately) larger volume of BPW is mare
simple methog than the filtration technigue. Three portion of 10 mt s2wage are
transigrred 1o 3 jars containing 50 mi EAW, and 3 porticns of 1 mil and 3 portions of
1 mlfram & 1/10 diiution are incculated into lubes containing 10 mi BPW. incubation,
subculture into enrichment media, and plating on selective medlia are the same as
describad in gection 9.5, The same techniqus is applisd to quantify 5. fypfi, but SCB
is used as enrichment medium, as described M section 9.4,

11. BIOCHEMICAL AND SEROLGGICAL IDENTIFICATION OF SUSPECT
CULTURES

11.1 Typical Biochemical and Scrological Reactions

The majority of Saimonelia sirains give typical reactions an Kligler's medium.
However it must be mentianed that anasrogenic strains (no gas in the butt) do occur,
an important example being 5. fyphi. The same holds true for H.S production. Some
strains are not H,5S producers (blackening of the bult) ameng them S, paratyphi A, 8.
putform, 8. senftenbarg, and even afew S. typhimurium. For that reason, cultures with
atypical reactions {no gas or no btackening} are examined using either an aggiutination
test against polyvalent-C and polyvatent-H Safmorrelia sera and/ar further bicchemical

tests.

Moreover Froteus and Cilrobacter strams may resemble Salmonefa
appearance on Kigler's medium. [t is cbhvioug that these cultures do not react with
polyvalent-C and polyvaleni-H antisera, although Proteus species agglutinate
sometimes, Cilrobacter cultures may also angiutinate with anti-vi serum but the Kligler's
medium provides an immediate recognition of Protews cultures. A rapid positive urgase
test in the urea-PPA mecium (it turns red within a few hours of incubation) and the PPA
positive reaction after 24 hours are characteristic of Proteus species (Tabie 1).
Ciirobacter cultures may be excluded from Saimoneila spocies by a negative lysine
decarboxyiase test and positive ONPG (some salmonellae are also positive) and
occasionally positive urease and saficine tests, Shigefla strains Jdo not stand the
techniques described for saimonellae, but rather oceasionally they may pass through
SCB and then grow on 58 plates, These vary rare cultures can be aasily recognized by
the differant Kligler's appearance and the other tests cited in Table 1. Escherichia,
Kiebsicla, Enterobacter and Serratia give diffsrent, rather charactenstic reagtions on
Kligler's medium, but usually do not show Saimonmeffa-iike colonies on selective plates.
Yersinia enterocolvtica, like Shigefla, do not stand the enrichment madia nor dees it
grow on BGDA and BSA. Pseudomonas colonies may be confused with saimaneliae,
but their Kligler's reaction and an oxidase test will differentiate tham easily {see also

Table 13.
11.2 Slide Aggtutination Test

Typical or suspest salmonellas colonies must be examined by the slide
agglutination test. Using a pasteur pipetta, a drop ol sadiem chiorida sciution {5,24] is
transferred anto a microscope slice. A thick suspension of the suspect culture is made

coaldle o mdmmlales oo I — M L. .m 1N adaala mlmemna e mum s ama -t e mee b AtoE
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Fresnly isciated S, {yphv cultures may not agglutinate with polyvatent-C antisera,
but thoy react with anti-¥i specific serum. A suspension of the culture is hieared for 15
minutes in boding water and, after it coDIs {0 room temperature, the agglatination test
is repeated using polyvalent-C or specific antt-09 serum.

11.2 Shipment to Hefarence Centras

Alt positive of suspect Salmonela cultures are streaked on MOA, and 1-3
smooth typical colonies are transferred anto blood agar siopes in smali test tubes with
rubber stoppers. Simultaneously a new Kiigler's agar tube is inoculated and all tubeas
are incubated al 37 °C for 20-24 hours. |f Kligler's reaction is typical, meaning that no
contamination has taken place during subculiuring, the incubated tuhes are packed
praperly and shipped 1o the nearest Safmonelfa Reference Centre, or other laboratory,

for comipliate identification.

Important note: The methods described allow for the best recovery and
gnumergtion of saimonellas, However by subculturing: RV and R25 media only during
24 hours {and nat 48 hours} the methods are abe 1o recover approximately 95% of
Salmonelia isolations that would be obMained when using 48 hours incubatiarn
(Vassiliadis, 1584, personal communicatton). Therefore fabarataries with restricted
facilitics and statf can simplify the methods described by subculturing from enrichment
RV and R25 meadia after 24 hours.



Table 1,

giochemical differentialion 1lasts for salmonellas.

e

Reacton on Kl gler's medierm Test
Species o
Gienary Calaur Indcle | Lrea | PPA | Lysine § OMPG | Cloate | Glucoss
SlznBun Blachaning {3ms ehbLL
& typhi Rad}yellow +(-] . - - 1 .
Canar
Salmaonelize e fyetlow ] -] - . - 1 [+] +{3 +1
Citrobacie; ltad fyelloew 14 - - . - - + + T
Shigellas fled /yellaw - Jt . - d - -
Eschenchiag Fallow fyellow +[-] “+ - - d + - 1
Klebsialla fall Syl D F . x d + + +
Enterobacrar | Yellow/yellow P - . - o + + +
Serratia Aad{¥yellow - - - - - + + + d
Prateus Aad fyeliow +{- -] <[} + + . . d +
Yarsinig Rad yallow
or
ellow el - -+ T . + + . .
Pgaudomonas | Rad/ red - - d - - - + -
Tr— — re———
Naote: (+/-) = Positive or negative reactions, or wice versa; + (1) or - {+) = Positlve reactions but

vice versa; d = Dilferent reactions; X = Delayed reactions.



12. TEST REFORT

Table 2. Salmonsgliae in ssawater

and sewage samples.
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4. Sampling and ervirgnmantal corditions
Sarnpling depth:
Temgerstura at sampiing depth:
Salinaty at sampling depth:

1, Sampling arga 2. Sampiing point code nuembar
cauning [statior longiude:
aram [tinude:
oo
i 3. Tima af =amping haur: . day: mortr yoor

Cankainer numbser:

Duration of starage:

{other factors which may influenca tha rasults should be pated under 1)

5. Time of gre-fliration i

day { /

6. Time of Ritration hourt day: / /

g Qualitative ard Quantiative Test Tor Salmoneslae (ircluding 5. fipm

Number of pasitive cultures:

Serological and differential teses:

Cudtare medium; Sample Pogitive

Start pre-enrich.:  hour  dayr /S S wizlurte reactions

End pre-annch.: bt ELE 500 _

Start inoub.: hour  cay /S 100 e

End tncuation: awrs  dayr _ f S o
. Kligler incuty.; R day. [ /4

End incubatiors  hour, ___ day. [ {  Taest resuil

Sairmanallagfitra

Q5% conhdence intaneal:

{ : ]

11 Aancmalias observad i e test procedurs;

canied cut the analysis:

12. Full audress of the institution which: 13, Mameds) and signaursis) of the

perscnish who carret ot B aralysis:

Duate:
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AMNNEX 1

TABLES FOR QETeAMINING THZ MOST PROBABLE NUMBER (MPM)
OF SALMONELL A ORGAMNISMS PHESENT IN 1000 ML OF SEAWATER

These tabies indicate the estimated number of salmoneilas per 1608 mi of water,
carresponding to various combinations of positive and negative results in the portons
usad for tha tast.

Table 1. MPN and 95% confidence limits for various ¢ombinations of positive and
negative resuits when five 100-mt porions are used.
No. of tubes giving 95% Confidence |
positive reactions out of limits
T MPN -
S of 103 mi Lower Upper
8] < 22 a B.0
1 22 0.1 126
2 a1 0.5 19.2
3 9.2 1.6 28.4
4 6.0 32 528
5 = 18,0 a.0 Infinite
Tabia 2. MPM and £5% confidence limits for varigus combinations of positive gnd
negative results wihen one 5J30-mi portion and five 100-mi portions are
used. '
Neo. of tubes giving positive 95% confidence limits |
reactions out of
1 of ] _ ] MPN
af S00 ml 5 of 100 mi Lower Upper
each each
0 1 1 =<0.5 4
0 2 2 <Q.03 6
d b 4 <0.5 i1
0 4 5 i 13
1 0 2 =0.5 &
1 1 3 =0.5 g
1 2 3] i 15
1 3 9 2 21
1 4 1B 4 40
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Tabde 3. MPN and 95% canfigence limits for variaus combinations of positive and
negative rasults when five 100-mi partions, five 10-mt portions, and five

1-ri periions are used.

: No. of tubes gwiny 95% confidence

positive reacrinas aut of imits

T MPH

5 of 100 mleach | 5 of 10 mleach | 5ol T omil each L cawer Upper

] 0 o b <05 7
o 1 1 2 < (xS 7
i o o p: <0.5 1
1 0] ¢ b <05 7
1 0] 1 4 =13 11
1 t ) ¢ 0.5 11
t 1 1 B <05 15
1 2 0 6 <05 15
2 0] 0 5 =05 13
2 1] 1 7 1 1r
2 1 0 7 1 17
2 i T g 2 21
2 2 y] g i 24
2 K G 12 ) 28
3 0 ) 8 1 19
3 o | 11 2 25
3 1 o v 2 25
3 1 1 1 14 4 a4
3 2 ] 14 4 a4
3 P 1 17 i 46
3 3 ] 17 5 46
4 ] a 13 | a
4 G 1 17, 5 45
4 1 D 17 5 B
4 1 i 21 7 Bd |
4 1 i 2 25 4 7a
4 ? 0! 22 7 67
4 2 1 26 g 7
4 3 | 0 a7 g 80
& 1 1 33 11 |
4 4 o 34 12 o
L 0] R, 23 T Fit
g [ 1 a1 11 oo
5 il 2 43 15 14
5 1 o 3 1 3
5 1 1 45 5 120
5 i 2 63 21 154
a 2 o 49 17 125
it & 1 T 23 168
g 2 b 04 pe 218
5 3 o s 85 is¥
5 3 1 e a1 295
s 3 2 141 ar 343
2 K| 3 175 44 503

| ! 4 o 130 25 ez

\ 3 4 1 172 &3 485

f 5 4 z 221 57 636

] 5 4 3 278 90 849

[ 4 4 345 17 [+
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Table 4. MPN and 95% confidence limits for various combinatians of positive and
negative resuits when one 500-ml partion, five 100-mi portions, and five

10-mi partions are used

l Mo, of tubes giving 5 B5% confidence
;| pogitive reactions out of limits
[ | T ) MPN
i 1 oF SO0 mi each | 5 of 100 ml each | 5 of 10 mi each Lowear Uppeat
I 0 0 1 1 <0.5 3
] ] 2 ¢ <5 &
0 1 0 1 <15 a4
a 1 1 Z <05 1
0 1 2 k| =05 B
a 2 v] 2 <05 5
) z 1 3 <05 8
o 2 2 q <05 11
a] | 1] 3 %15 a
o 3 1 L =05 13
Q 4 o] 5 <35 T3
1 a {3 1 20.5 4
1 ) 1 3 =5 g
1 a 2 d <05 11
1 Q 3 5] <03 15
! 1 1 0 3 <05 B
L 1 T 1 5 =05 13
1 1 2 7 1 17
1 1 3 g = 21
1 2 O 5 «05 13
1 2 i 7 1 1T
1 2 2 10 3 22
! 1 2 3 ] 12 a 28
1 3 a B a 19
1 K| 1 11 K| 26
1 3 2 14 & M4
) 1 3 3 18 5 53
b 3 4 21 5] [ ]
1 4 a 13 4 3
1 4 1 17 ) 47
1 { 4 2 22 i £2g
1 4 K| 28 o 85
1 4 4 395 12 101
T 4 8 43 15 117
1 & q 24 a ™
j i a 1 as 12 m
i 1 5 2 54 18 138
| 1 5 3 a2 27 a7
! 1 5 a 161 39 =450
|
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Table 5. MPN and 83% corfidence imits for various cambinahions of positive
resuits when three 106-ml portions, three i0-ml portions, and threa 1-ml

portions are used.

! |
: Nc. of tubes giving 95% confidence |
positive reacticns out of lirmits
; = MEN 1
of 100 mi 3ot 10 mi Jofiml Lower Upper
gach each each
G &) 1 3 < (LG )
0 | 1 g 3 <05 13
1 Q 0 4 <05 20
1 o 1 7 1 21
1 1 8] 7 1 23
T i 1 11 3 35
i 2 J 1 3 el
2 0 1] ] 1 36
2 G 1 14 3 a7
2 1 o 15 3 44
2 1 1 20 7 g2
2 2 0 21 4 47
2 2 1 23 10 1439
3 0 0 23 4 120
3 0 B 39 7 130
3 0 2 54 13 379
3 | ¥ 43 7 210
3 1 [ 75 14 230
| 1 2 120 30 380
3 2 0 93 15 380
3 2 1 150 30 440
3 2 2 210 35 470
3 3 0 240 36 1300
3 3 2 1100 150G 4800 ;
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