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PREFACE

: The Regional Scas Programme was initiated by UNET in 1974, Since then the Governing
Council of UINEP has repeatedly cndorsed a reglonal approach to the coatrol of marine pollution and ths
management of marine and coastal resgurces, and has requested the developmnent of regional action plans.
The Regional Seas Programme at present includes 12 regions and has over 140 coastal states pariicipating
i it {17, (2).

Cne of the basic comnponents of the aclion plans sponsered by UNEP in the famework of the
Regional 3cas Programione is the asscssment of the state of the marine environment and of its rosounoes,
and of the sources and tends of the pollution, and the impact of pollition on human health, marine
ecosystems and amenities. In order to assist those participating in this actvity, and to ensure that the data
obtained through this assessment can be comparad on a world-wide basis and thus contribute to fhe Global
Epvironment Monitoring Svstem (GEMS) of UNEF, a set of Reference Wethods and Guidelines for
mariee pellution studies is being developed as parn of a programme of comprehensive technical support
which includes the provision of expert advice, reference methods and matcrials, training and data quality
assurance (3), The methods are recommended to be adopted by Governmcots partcipating in the Regional
Beas Programme,

The methods and puidelines are prepared by, or in coeperation with, the relevant spocialized
bodies af the United Nations systemm as well as other organizations, and are tested by a number of caperts
competent in the field relevant to the meihods described.

I the descripeion of the methods and puidelines the sivle uscd by the Interaational Organization
for Standardization (I54) s followed as closely as possiblo.

The methods and mrdelines, as published in UNEPMs serigs of Reference Mothods for Maring
Follatien Studies, are net considercd as final  They are planned to be periodically revised taldng into
account the development of our undersianding of the problems, of analvtical instrumentation and the
acmal need of the users. In order o facilitate these revisions, the users are invited 1o convey their
comments and supFestions to:

WHOYETELD Project Office

Cocrdingting Unit fior the Mediterranean Action Plan
4% Yassileps Konstantnou

PO Box 18012

GR-11610 Athens

GREELCE

which is responsible for the dovclopment and preparation of microbiological and other health-related
Raference Methods.

{1y UNEE: Achicvoments and playoped devedigammt ofile CHER: Regional Seea Programme and
eomparshble programmes sponsored Ly ober bodies. UNEP Repional Sean Repots and
Andies Wo. |, TNED, 1981

{Iy I HULML A slratepy [or the Seas. The Regionat Scas Procrames: Past amd Futune, LNEP 195,

{3} UNEFLAL ATOC: Feference dothads and Matcriala: A Progranm for colmprehensive suppod for repronal
and glabal manne polluting #xewsments, TNER, 19940,
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This first substanfive issue of Kefersnce Methods [or Muarine Pullulion Siwdics 3o, 67 was
preparcd by the World Health Organization on the basts ola review of [he Mothod duning expert meetings
and comments from individeal scicntists who tested the Medusd., The assistance of all thoss who
contributcd to this revisad issue of the Beference bathod is praleluBly sckoowledged,
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1. INTRODUCTION

The overall objectives of the Long-term Programme of Pallutiar Monitoring and
Research in the Mediterranean Sea (MED POL Phase §}, which constitutes the
ervironmental assessment companent of the Mediterranean Action Plan, adopted by
tha governments of the region in 1975, include the assessment, on a continuing basis,
of the state of pollution of the Mediterrangan Sea, the identification of the sourcas,
pathways and eflects of poliutants entering into it, and the establishment of temporal

trends in poliution levels.

~In order to assist laboratories participating in this activity and to ensure the
necessary degres of intercomparison of data, a set of reference methods and guidelines
has been develfoped by the Regional Seas Programme of UNEF in cooperation with the
relevant spccialized agencies of the United Nations systemn, as well as other
organizations. In these reference methods and guidelines, the style used by the
laternational Crganization for Standardization (130 is followed as closely as possible.

In common with olher microbiclogical methods and guidelines regarding
effluents, coastal recreational waters and shelifish areas, the ariginal version of this
document was prepared by the Waorld Health Organization within the frarmework of the
MED POL Programme and issued by WUNEP's Hegmnal Seas Programme as part of iis
Reference Methods for Marine Pollution Studies series.

Actual praparation of methads and guidalines falling within the responsibility of
WHO is entrusted to competent micrabidlogists with experience of the relevant
characteristics of the Mediterranean marine environment, Following its preparation in
draft form, each method is reviewed by internationai cxperts in the field, either
individually or {normally} during consultation meetings. Foliowing their issue in
substantive form, methods and guidelines are distributed to Mediterranean laboratories
and are periodically updaied and/or revised on the basis nf experience.

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determinaiion of Staphvlococcus
aurews in coastal bathing waters of temperate and sub-tropical segs, and in sewage
efflugnts, It is designed to ke used as a suppiementary parametser in sanitary
surveillance of bathing beaches.

This method is based on the Mulliple-Tube Fermentation (MPN) test. An:
alternative method tar such determination. i.a. the Membrane Fiitration (MF) method,
offers some advantages for examination of the rnicrobial quatity of the water, such as
quicker results and lass labour requirements, However, the MPN technigue has its gwn
advantages. Seawater cften presents excessive turbidity, algal blooms, and dense
growth of competitive flora, which inhibil the grc:wth of the colonies and hinder the
reading of the membranes.

All strains of coaguiase positive S. aureus are potential pathogens, causing a
wida range ot infactions, being found in nasal membranes, hair follicles and skin of
warm-blocded animais. Tha presence of & high number of swimmers on a beach
correlates with the increase of the densities of staphylosocs. Being salt tolerant and
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resistant to some bactericide factors, they survive in seawater and sand, constituling a
potential hazard to bathers on crowded beaches. Thus, pathogenic staphylococci
strains have been proposed as additional or afternative indicator organisms.

3. DEFINITION

Staphylococous aureus ara spheres, 0.5-1.0 pm in diameter. Cells oecur singly
and in pairs. Soma uncomman straing produce cells with & capsule; they are Gram-
positive, nanmotile, agrobes, facultative anaercbes, and catatase positive. The cell wail
containg peptidoglycan and. teichoid acid. Colonies are smooth, raised, glistening,
circular, enfire and transiucent and single colonias may attain a size of §-8 mm in
giameter on non-selective media.

4, PRINCIPLES

Guantification of 8. auraus in seawater samples is accomplished in two phases:
1) multiple sample porticns (5x5x5) are tested in modified m-stapiviccoccus broth for
the presence of turbidity at 37 °C within 24 hours, and 2} positive findings in the first
phase are spread on to Yogel - Johnson agar plates. After 48 hours incubation at 37 °C,
typical colonies are tested for coagulase production. '

5. APPARATUS AND GLASSWARE
5.1 Sample bottles of dark coloured borosilicate glass for surface seawater or

effluent, of 200-300 ml capacity, wide-mouthed and with graund-glass stoppars,
or plastic cantainers of similar capacity with well fiting stoppers.

5.2  Sample rad of non corrosive material with clamp to hold the sampling bc:rtlﬂ_

{Figure 1).

5.3  Subsurface samplers of the type shawn in Figure 2, ar similar, camplete with
plastic rope and weight.

5.4  Thermoisolated plastic boxes with cooling pads ar similar cooling units {camping
equipment) of the appropriate capacity, for storage of samplas.

55  Thermometer, O to 50 °C, precision = 1 °C, preferably unbreakable plastic type,
1o be used for checking lemperature in plastic boxes.

5.6  Air incubator thermostatically controlied at 38 = 1.0 "C.

5.7 Refrigerator thermostatically controlled at 4 = 2 °C.

58  Autoclave, with maximurm pressure of 2 alm, electric or gas.
59  Drying oven for sterilization up to 170 “C.

510 pH meter, precision = 0.1 pH units.



1) Submerge meouth 20-30 am
2) Turn extension arm 180%

Figure 1. Subsurface sampling with extension arm.

Wire

lMessenger

— Glass lube {breakable)

Rubber hose —

YEZ —— Metal frame

— Eterile sampls boattle

~—= Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling
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6.1

Analytical balance, precision £ 1 mq.

Bactericlogical loops of 3 mm d.iametm,

Vibrator {Vortex type) for mixing ligueds in culidre tubas,
Test tube racks, with capacily for 15 or 30 tubes.

Test tubes with cap {sterilg), 17/18 mm diameter.

Petri digshes of borosilicate glass, 80 cm diametsr, or disposable pra-sterilized
plastic petri dishes.

Dark phase microscope.
Borosilicate glass bacterivlogical culture fubes.

Erenmeyer flasks of borosilicate glass for media preparation, of 250 ml, 500 m|
and 1 litre.

Pipattes of borosilicate glass with lotal volume {blow-out) of 1, 10 and 20 ml
capasily. with stainless steel containers for sterilization, or aulomatic pipsltes of

‘equivalent volume with appropriate sterile tips.

CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

Note: The composition of the media is based on cne litre sciutions or simitar
units. Bedore preperalion of media and solutions, the actual needs have
to be established and amounts must be chosen accordingly.

Buffered Peptone Water {EPW)

Peptong 100 g
Sodium chionde 50 g
Disodiurn phosphate a5¢g
Potassium dinydrogen phosphate 159
Distilled water 1.0 litre

Preparation: Dissolve the ingradients in 1 litre of distilled water, Distribute 10 mi

partions into 100 ml capacity flasks. Sterilize at 121 °C for 10 minutes. Final pH after
autacalving shouid be 7.2 = 0.2. Jars may be stored at room temnperature for 1 to 3
months, provided screw caps are air tight.

6.2

m-Staphylococcus Brath {Modified)
6.2.1 Single strength
Tryptone 10,00 g

Yeast extract 25049
Lactose 10.00 g



Sadium chloride : 750049
Sodium azide 0.049 g
Distiled water 1.0 litre

Preparation: Dissclve the ingradients in 1 lilve of distifled water. Distribute 10 mi
portions indo test tubes. Sterilize at 115 °C for 10 minutes. Final pH after autoclaving
shouid be 7.0 + 0.2. Tubes may tie storad at room temperature for up to two weeks.

6.2.2 Double strength

Tryptona 20049
Yeast exlract 5.0 g
{actose 404G
Mannitol 2004
Sodium. chioride 7004
Sodium azida Q088 g
Distilled watar 1.0 litre

Freparatior: Dissolve the ingredients in 1 litre of distilled water. Distribute 10 ml
portions inlg appropriate tubes. Sterifize at 115 °C for 10 minutes. Final pH aftsr
autociaving should be 7.0 £ 0.2. Tubes may be sivred al room termperature for up to
o weaks.

6.3 Vogel - Johnson Agar

Tryptone 10049
Yeast axtract 504
hManmitol 10.0 g
Gipotassium phosphate 50 g
Lithiurn chioride 500
Glycine 100 g
Phenol red 0025 g
Agar 16.0 g
Distilled water 1.0 lilre

Preparation: Dissolve the ingredients in 1 litre of distilled water and bring gently
tothe boil to dissolve completely. Steridize by auteckaving at 121 °C for 15 minutes. Final
pH after autoctaving sheuld be 7.1 &+ 0.2. Cool to 50 °C and add 5.7 ml of sterfle 3.5%
potassium lellurite solution or 20 ml of 1% potassium tellurite solution. Plates may be
stored at 4 °C for up to 7 days.

6.4 Kranep Agar {KA]

Feptong, from meat 10.0 9
Soditsm pyruvate B.2q
Sadium chlarida 204
Disodium hydrogen phosphate 204
Fotagsium thiocyanate 255 ¢g
Lilhium chionide 5149
Sodium azide 005 g

Actidione 0041 g



Cr{-imannitol S1g
Agar 13.5 ¢
also e be added:

aqg-yolk emulsion 1600 ml

Preparation: Dissolve the ingredients (725 g} in 0.9 litre distilled water.
Autaclave under mild conditions (20 minutes at 110% C}).  Add 100 ml 50% egg-yolk
emulsion sterfle at a temperature of approximately 50° C. Pour into piates. pH is
6.9 + 0.1. The plates are turbid and yellowish,

6.5 Blood Agar Base {BA)

Beef heart rmusele, infusion from 375.0 g
Tryptone 10.0 g
Sodium chiorde 3.0g
Agar 1500
Cistilled watar 1.0 htre

Preparation: Disaolve the ingradients in | litre of distilled water and biing gently
1o the boil. Distribute 5 ml portions inta test lubes. Sterilize at 121 °C for 10 minutes.
Finat pH after autociaving should be 7.4 = 0.2, Cool tubes in a way to form agar slants.
Siants may be stared at 4 °C up to 4 weaeks,

6.6 Oxidation - Fermeataiiocn Medium (G/F)

Tryptone 100 ¢
Yeast extract 1.0q
Elucose 10.0 q
Bromocorasol purple 0.04 g
Agar 20g
Distilled wator 1.0 litre

Preparatior:: Dissclve the ingredients in 1 fitre distilled water. Cispense 10 ml
parions into test tubes. Autaclave at 121 2C for 15 rminuies. Final pH after autoclaving
should be 7.0 = 0.2 Tubes may be stored for up to four weeks.

6.7 Brain Heart Infusion Broth

Calf brain, infusian from 200.0g
Beaf {meat} heart, infusion from 250.0 g
Casain/meal (50/50) peptane i00g
Glucose {dexirose} 20 g
Sodium chloride 8049
Oisodium phosphate 25¢g
Distilled waler 1.0 litre

Preparation: Bissolve the ingradients in 1 litre of distiled water. Dispense 5 mi
portions into teat tubes. Autoclave at 121 °C for 15 minutes. Final pH afler autactaving
should be 7.4 = 0.2. Tubes may be stored at 4 °C for up to 8 months.



5.8 FPhasphatase Production Medium

Evans peptone 050Q
Lab-Lemeo 059
Sodiwm Chloride 059
Agar 1549
Distilled water 0.0 ml

Preparation: Dissolve the ingredients in 100 ml of distilled water. Sterilize at
121 G for 15 munutes. Allow to copl at 45 °C; add 1 mt of 1.0% phenalphthalain
diphesphate and dispense inte plates. Plates may be stored satisfactorily for up to

7 days.
6.9 Hahbit Plasma

1-2 mg EDTA {ethylenadiaminetetragceiate) per ml racbit bloed. {Check for
antibiotic presence, interference with coagulase test).

6.10 DOistilled Water

Lise anly water distitled in ali-glass or all-quariz distiilation apparatus or reverse
osmosis (HO) water. De-ianized water is also acceptable il produced in apparatus not
releasing toxic substances.

Mote: Commercially available distilled water is often produced in copper and
zinc apparatus and is highly toxic for baciena. Before using such water
its toxicity should be checked with stock culture of 5. aureus.

Mote: Neaver uze toxic chromic-sulphuric acid mixture for cleaning glassware.

g.11 Stock Culture of a 5. aureps Sirain

7. SAMPLING
Details of a sampling plan are providad in Part | of thesa gquidalines.
7.1 Sampling of Surface Water

Attach a clean sterile bottle to a clean sampling rod (5.2). Immediately befaora
~ submerging the sample bottle, remove the ground glass stopper from the battle without
touching the stopper cone. Immerse the bottle from the bow of the boat or fram the
windward side whilc the boat is moving forward slowly, Push the bottle with the
sampling rod 25 em under the water surface with the mouth of ihe bottle downwards,
in arder to avoid contarnination by surface film, then turn the sample bottle upwards and
take the sample {Figure 1). The sterile sarmple batfle may alse be filled directly by hand
{Figure 3). :

Retrieve the battle and discard some water, i necessary, so that some air space
rermaing in the closed bottle, This space is needed for homagenizing the water sample



at the receiving laboratory. Beplace the glass stopper and store the samples in tha
clean thermaisolated box with cooling pads at about 4 °C, avoiding exposure to mare
than + 10 °C. Separate bottles from gach other with clean wrapping paper to avoid
breakage. Check the temperature with a thermometar every 3 hours. Reporl
irrequularities in the test repart. Label sample boitles Indicating the sampling station, the
time of sampling, and other factors relevant 1o the interpretation of the results,

7.2 Sampling of Subsurface Watar

Lower the sterle subsurlace sampler (5.3} after attaching it o a clean plastic
rope, without letting the weight disturb the bottom sediments (Figure 2). Release the
messanger and after one minute retrigve the sampler and store it in a thermeisolated
box. Proceed as for sampling of surface water (7.1).

The water sample represents the test solution.

Note: It is known that the die-away rate of bacieria at ambient temperature: in
the presence of light is very high. Thergfore, all efforts should be made
lo collect only the number ol samplas than can be filtered and incubated
the same day. If this 15 not possible, the samples should be stored at
+ 4 %0 and analyzed not later than 24 hours after sampling.

— N e
A\\ O
O :
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Figure 3. Subsurtace sampling by hand.



8. TEST PROCEDURE
8.1 Washing of Glassware and Equipment

All glagsware and apparatus should be washed with non-toxic detergent first,
rinsed tharoughly with hot tap watar and than rinzed at least 3 fimes with distifled watar.

B.2 Sterilizatian of Glassware and Equipment
8.2.1 Surface sample bottles (5.1}

Clean sample hotlles as described under 8.1. Dry and sterilize them in & drying
oven at 180 °C for 2 hours, or at 170 °C for 1 howr. Belore sterilization, place a small
piece of filtar paper in the neck of each bottle o prevent the ground glass stopper from
sticking after cooling. After cooling to ambiant temperature in the drying aven, remave
this filter paper with sterilized foreeps and fit the ground glass stopper securely into the
nack of each bottle. Put the boltles into detergent-cleaned therrmoisclated boxes.
Separate the bottles from each other with clean wrapping paper to avoid breakage.

Wash plastic botles as describad urider B.1, than treat themn with 953 alcohol.
After adding an approgriate valume af alcohol 1o each bollle, shake them thaoraughly,
keeping its stopper in place. After 2-3 alcohel washings, the bottles must be well
drained and kept in an oven at 40-50 °C temperature until complete evaporation of the
alcohol. Stoppers are also placed on a sterile petri dish to dry.

Naote: If residual chiorine is suspecled in the water sarmple, add Q.1 mil of & 102
thiasultate salution {8.3) for each 100 ml sample 1o the contentg of the
sample battle hefore sterilization. This amount is sufficient to neutralize
about 15 mg of residual chlorine par litrs.

8.2.2 Subsurface sampler {5.3)

Clean the subsurface sampler as described under (8.1, rinsg with tap and
distilted water. Enclose each sampier in heavy wrapping paper or aluminium foil and
sterlize them in an atteclave at 121 °C for 15 minutes.

8.2.3 Petri dishes and pipettes

Clean dishes and pipettes, complete with & cotton plug in the mauthpiece, are
puti into suitable stainless stesl containers and sterilized in a drying oven at 1680 °C for
2 hours, or at 170 °C for 1 hour.

Note: Disposable pre-sterilized plastic petri dishes may be more economical to
use than re-usable glass petri dishes.

8.3 Selectian of Sample Size and Dilution Sories

Select a dilulion series for each sarmple that will ensure positive tubas in the
lowest dilution row and regative wubes in the highest dilution raw. If previous experience
for pfanning the dilution series is not avadable, transter & m! of buffered peptone water
ima each of 5 sterikized test tubes using a sterilized pipette. If previous experisnce on
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tha level pollution is avaitable, prepare an appropriate number of bullered peptane
fubes.

8.4 Preparation of the Dilstion Series

Prapare the dilution series by taking with a sterilized pipetie, after vigorously
shaking the sample, 1 ml from the original sample (Figure 4, dilution D-0) fransferring
it inte & culture tube ¢containing 9 mi of buffered peptone watar (6.2.2) to obtain the first
dilution (D-1). Mix vigorously by hand or optionally with a vibrator. Continue the
preparation of the dilution series by taking 1 ml from the first dilution (D-1} and mixing
itin a new culture tube containing 9 mi of buffared peptone water (6.2.2), to obtain the
sacond diution {D-2). The desired dilution levels can be reached by a systematic
application of this dilution process.

Before transferring any water volums, the origingl sample and the dilutions
prepared wilh it must be vigorously shaken to insure that the water portions obtained
are representative of the original water sample.

g - )

o-0 -1 0-Z
o "‘/\\'l mi 1 mi 1 il
double
strength

Figure 4. Preparation of dilution series.

a.s inoculation and Incubation in m-Staphyfococcus Broth

Each water sample and all dilutions prepared with it must be vigorously shaken
to insure a unifarm dispersion of bacteria in each sample portion tested. :
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Using sterilized pipettes transfer 10 m! portions of the water sample into each of
5 sterilized culture tubes containing 10 ml doubtile strangth m-Staphylococcus broth
(6.2.2). Mext, transfer with a sterile pipette 1 i sample portions of dilution B-1 into 5
sterilized culture tubsas containing 10 mil single strengh m-Staphylococcus brath (6.2.1).
Repeat this procedure with each of the subbseguent dilutions to be tested.

Incubate the series of m-Sfaphiococcus broth culture tubes in an incubatar at
a7 °C for 24 hours,

AB.6 Isolation and Confirmalion of S. auraus

Al m-Staphylococcus broth tubes showing turbidity afier 24 hours must be
subcultured onto Vogel-Johnson agar (5.32) or Kranep agar (8.4).

Label a plate for each pasitive obtained, neting the dilution series. Using a 8 mm
flamed loop, transfer one loopful of each turbid m-Staphyfococcus broth tube onto a
Yogel-lohnsen agar plate. Spread it across the plate using the streak plate technique.

incubate the Vogel-Johnson ar Kranep agar plates at 37 °C for 48 hours. Typical
&. awreus colanies on Vogel-Johson agar are Black and produce a yellow pigment,
while those grown on Kranep agar show egg-yolk degradation.

8.6.1 Coagulase test

Each 5 aureus typical colony should be tested for coaguiase production.
Inoculate each S aurews typical colony onto a Blood agar (8.4) slant. Incubate the BA
slamts at 37 °C for 24 hours. From each BA slant inogulate 4 Brain Hearl Infusion brath
tube {6.6) and incubate the {ubes for 18-20 hours at 37 °C. Transfer 0.1 mi (2 drops) to
a tube cantaining 0.5 mi of dilute {1:3) rabbit piasma. Incubate at 37 °C and observe
hourly for 3 hours. Clotting within the 3 hour incubation period constiiutes a positive test
for 5. aursus. '

B.6.2 ldentification of 5. aureus colonies (optional)

A simplified scheme of key characters is proposed for the ideniitication of
S. aureus typlcal colanies that produce a non-satisfactory or ambiguous coagulase
reaction. S. awreus straing are nan matile, ferment carbohydrates (glucose fermentation
test], produce acid aercbically from lactose, maitose, mannitol and produce
phosphatase {phosphatase test). Strains subcullured on Blood agar slants (8.4} should
be used for all the above tests.

B A3 Glucose farmentation tasi

Before use, the Owdation/Fermentation medium (B.5) is steamed for
10-15 minutes to remove dissclved oxygen. Tubes are immediately and hedvily
inoculated with a wire loop, making cettain that the inoculum reaches the bottom of the
iube. Tha surface al the lube is covered with a layer of a sterilized parafine oil 25 mm
ar greater. Incubate at 37 °C for 5 days. Production of acid, under anaerobic conditions,
and the subsequent change to a yellow colour throughout the test tube indicate the
prasence of Staphplococcus. If there is no acid production, or acid is found only at the
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surface of the fest tube, it is indication of oxidalive breakdown of the sugar, and the
organism present is Micrococcus.

8.6.4 Phosphatase production test

Phosphatase production plates (5.7} are inoculated from BA slants and
incubated at 37 °C for 3-5 days. The release of phenolphthalein is detected using a drop
of 0.680 sp.gr. ammaonia placed in the iid of each patri dish. Phosphataze producing
colonies turn deep pink immediately on exposurg to ammenia vapors.

8.7 Interpretation of S. aureas Culture Plales

A plate containing typical, coagulase positive 5. aureiss colonies, constitute a
positive tasl.

q. EXPRESSION OF RESULTS
9.1 Calculation of S. aureus Density per 100 ml of Sample

lf sample portions of 10 ml, 1 ml and 0.1 ml per test tube have been used, take
the number of recorded posilive plates and find the corresponding most probable
number (MPN} from Table 3. When more than three dilulions are ermployed, the resulis
of only three of these are used in computing the MPN. For MPN calcuiation purposes,
selact the highest dilution that gives positive results in all 5 plates tested (no lower
dilution should give a negative resull) and the naxt two higher dilutions that have soms
negative plates. Qccasionally, positive plates may be encountered beyond the three
serial dilutions. In those cases, and for purposes of calculating the MFN, include such
additional results in the third row. These skip combinations of positive plates should
occur with a frequency [ower than 1% af the MFPN tests performed. Higher frequencies
would suggest laboratory error in pipetting sample dilutions.

Table 1 ilustrates an example of the numbers of positive test obtaingd with a
series of 5 consecutive dilutions: 5-5-3-2-1. Far MPN calculations the highest diiution
selected would be that using 1 ml of sample. The final combination of positive plates
reported would be 5-3-3, instead of 5-3-2. The MPN value corrgsponding to the 5-3-3
combination would be 170 5. Aurews/100 mi [Table 3}, and not the MPN value of
140 8. aureus/100 ml associatad to the 5-3-2 combination.

The MPN density thus obtained should be adjusted for dilution by multipiving for
as many powers of 10 as dilutions were performed with the first plate series considered
below 10 ml. For example, a MPM value of 5-3-3 would be expressed as
170 5. Aurews/100 ml when the starting dilution is 10 ml, but it weuld be counted as
1700 & aureus/100 mlwhenthe starting dilutionis 1 mi, and 17 000 5. awreus/ 100 m}
when the largest sample volume used was 0.1 ml.



Tabie 1. Example for computing the density of
5. gureus in a water sample analyzed by the

MPN method,

Sampie portion, ml Pasitive tubes
10 g
1 5 (%}
0.1 3
o 2 (x}
0.001 1

Ditution factor: 10/1 = 10

MPN (5-3-3) = 17D x 10 = 1 700 S. aureus/100 mi

g% confidence limits:
lower: 80 x 10
highar: 410 x 10

800 5. aureus {100 mi
4 100 5. aureus/100 mi

g2 Precision of Results

13

Selact from Table 3 the $5% confidence limits associaied to the MPN szlacted
in caiculating the density of S, avreus and adjust their values with the dilution factar.

Enter the linal results in the tes! report.



10. TEST REPORT

Table 2. Sfapmlococcus aureus in seawatar samplas.

1. Sampiing area 2. Sampling point code number:

COUTTERY: (staticn] longitude:

aiea: atitucla:

3- Time of sampling howr: day: menth YOS
4. SGampling and erwiranmental conditions

Sampling cdepb: Container number:

Temperature @t sampling depth:

Salmity at sampling deptin Curation of storaga:

(other factors which may influence the results should be reponed unde 113

5. Time of hitraton houws: . day: /)
B. Start of inzubation how: . thay: / ;L
7. Ernd of incubation four: day: / /
8. Mumber of pasitve agar plates &, Tect resuls
ml of crgnal Mo, postive MPMN of 8. awrsos /100 mit
Dilurticn saMmple inocykaed plates
Cambination Diletion factor
o0 10 .
D-0 1 o
-1 0.1 - B auraus{100 mi
02 (BATR e
) -3 0.0 ) 95% confidence interval
-4 00001 lowgr; 5 awreus /100 mi
05 0D o highee: &, auraus 00 mi
11 Anceanalias abserved in lhe wsl procedare:
12. Full address of the institution which 13, Hamel(s) and signature(s) of the
carmed out the analysis: parsan{s) who camied out the analysis:

e

Date:
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Tabie 3. MPN index and $5% confidence limits for various combinations of
positive and negative results when five 10-ml portions, five 1-mi portions
and five 0.1-m! portions ara used.

No. of Tubes Giving 95% Confidence
Positive RHeactions out ol PN Limits
— Index : :
Sof 10mi saf 1 mi S5cf0.1mi per Lowear Upper
each each each 100mi
0 0 0 <2 - -
0 0 i 2 1.0 10
0 1 0 2 1.0 10
0 2 # 4 1.0 13
1 0 0 2 1.0 th
1 0 1 L 1.0 1o
1 i 8] < 1.0 15
1 1 1 & 20 18
1 2 0 6 2.0 18
. I 0 4 1.0 17
2 0 1 7 2.0 20
2 1 0 v 2.0 21
2 1 1 S 3.0 24
2 2 0 9 3.0 25
2 3 O 12 5.0 29
3 U o B 3.0 24
3 0 1 A 4.0 29
3 1 0 1 4.0 29
3 1 1 14 g.0 35
3 2 O 14 8.0 35
3 2 1 17 7.0 40
3 3 Q 17 8.0 46
4 0 0 13 5.0 38
4 0 1 17 7.0 45
4 1 0 17 7.0 4G
4 1 1 g 8.0 53
4 1 a2 25 12 63
4 2 0 22 8.0 56
4 2 1 26 12 65
4 3 0 27 12 &7
o]
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Table 3.

{Continued)

MPN

index and 95% canfidence

limits for warigus

combinations of positive and negative results when five 10-mt porfions,
five i-ml portions and five 0.1-ml portions are used.

No. of Tubes Giving

852 Confidence

Fositive Feactions out of MPM Limitz
| e . Index
5 of 10 mi Bofimi | 5af01 m per Lower Upper
each each each 100 ml

4 3 i 33 15 rfd

4 4 0 34 16 80

5 0 0 23 8.0 a6

5 0 1 30 10 110

5 0 2 40 20 140

5 1 o 20 10 120

5 i i 50 20 150

5 i 2 £0 30 180

g 2 0 an 20 170 :
5 2 1 70 30 210 :
5 2 2 20 40 250

5 3 0 a0 30 250

5 3 1 110 40 300 i
5 3 2 140 50 360 :
5 3 3 170 80 410 |
5 | ] 130 50 390

5 L | 1 170 Fi0) 480

5 4 2 220 100 580

5] 4 2 280 120 ce0

5 4 4 as0 180 820

5 5 't} 240 100 940

5 5 1 a00 1010 1300

5 5 2 S00 200 2000

5 5 3 500 300 2500

5 5 4 1600 800 5300

5 5 5 1600 - -
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