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PREl'ACE 

The Regional Seas Prngramme was rnil1alcd hy ~ in 1974 Smee lhcn (he Goveminr 
Council of UNEP has J epemedly eudur"'<I a rqm11al aJ)pToach to the conlrnl of marine pollution and the 
management of manne and coastal rt.SlJIJJ~c._,, ""d has requested tbe de.clopnic;H of regional action plans 
The Rcgi()tlal Seas Program,,,c al prc,cnl iududes 12 reg10ns and bM o,u 140 coastal states p,lrlic,[lating 
mit(l).(2), 

One of 1he basic curnpoJJc111, of the acllon plans sponsored by UNEP in the frame"ork of the 
Regional Seas Programme i, lhc as:,cssmenl of 1hc ;!i,{e of the marine crnirnnn,em and of ils rcsmnces, 
and of the soum,~ and !rcutls of the poJJmion. and the 1mpac1 or pollulion on human heallh, marine 
ecosystems and amcr1il1c, In order to assist thoSe pamcipaling iu (his actMty, and to cns11re that the data 
obtained Llaout,h tins "·''°'"'men! can be compared on a world-wide basis and llu,s contnh,ife to the Global 
Em·fronment Monilorjag Syotcm (GEM.SJ of 0NEP, a sel of Reference Methods and Guidelmes for 
maJ me pollution stud,<:> 1> bcrng developed as pan of a programme of c.ornprehcrcsjvc lechnisal, s:upporl 
"hkh jncJndes the pw,i"on or expert ,idvice reference methods and rnatena!,. lrainiTLg ,md data quality 
ass\lffince (3). ·1 he rnclhuds ""' recommended to l:>e adopter! b) Gvvemmems J)Jlrl1cipatine m the Reg.tonal 
Seas PwgtaJJllHC. 

The me1huds ,md guidclmes arc prc'P"«d by, or in coop,mlirm with, tile rebanl spcc!Shzed 
l,oilic, or lhc Um led Nmions system as well >OS 01her orranizations, and are tesf"-1 by a number ~r experts 
CUlllJl"lclll in lhc r.dd rele\'am to lhe mcll,c•ds ,kscnbed. 

In ll\e <kscripl1un of the methods aild guiddmc; the s!yle used by lhe lnlemil110nal 0,r,aruzatoon 
for Standa,di,alluu (ISO) is followed as closcl) as< pussibk. 

TI1~ rnc(l1ud; ,md gu1dchncs. as pvblished in UNCP's ,cric, of l!eference Mclhod.s Jor Manne 
P"lhrl1u11 Slud1es, are not cnns1dered as final. '!hey are plmrn"d to be perwd1coll~ re-vised t'1kmg into 
accuurit the developmem nr our understanding or lhc prnhlems, of analylrrnl ms!rnmentation and the 
acnwl need of the users. Tn ordec to facil!laLe tl\esc rc,·i,ions, the u&TS src ,mated to convey !heir 
comm ems and suggestmus lo. 

WHO/JoURO PnlJcct Office 
O,onimating Urut for 1hc )l.(edjterranean Actwn Plan 
48 Va,sikos Konstanlmuu 
PO.Box1801'! 
GR-11610 Athens 
GREECt 

which ;, iesponsibk for me devclnpmcr,t /lnd preparauon ol rnicrobiologicol and olhcr hrnllh-relat<d 
RelL'TtllC~ Methods. 

(1) l "NFP Ad""~'~";,"'"' pl,m",a e,vdopmc,rt d 11• UN[Y, Roa,~,., Sea, P"-"'"""'" ,,ml 

'""'"'"' pf'lgra,rn.es 'V"''""" by""""""'" U\-te R,~00,1 Sea< Repon, '"" 
s,,,a,., Ne, 1, U'<El', 10'2 

(J) llNhP'L<l,A'[ClC. kLl""" \feth,~ •• ,., J '<f.,1oml, ~ PmS"'"'"" fo, """'rr<hor.sm '"•'>'"' fo, "8'"""' 
"'' gloO,l '""'"-"P'"""'" ,sscssmcots t"NEr. 1990 



TI1is 1evised issue of Reference Methods for Ylannc Pollutiun Sm dies t.o 22 was p1epared by lhe 
World Hcallh o,~ni,aLJ,u1 ~" lhc basis of a re,iew of the Metlrn,;J tlnnng expen meetings and conunen1, 
from md1vidual ment.ists who lesled lhe Method, rhe assistance nf all those who contritmred IQ this 
rcvi.cd issue of the RefereEJce Mcihtxl is gnncfolly achowledged. 
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1. INTRODUCTION 

The origi11al version ot this recomme11ded method was prepared by the World 
Health Organizatiort within the framework of the Long-term Programme of Pollution 
Monitoring and Research in the Mediterranean Sea (MED POL Phase II) and issuerl by 
the United Na~ons Environment Programme as Reference Method for Marine Pol!ution 
Studies No. 22 within UNEP's Regional Seas Programme Activity Centre's series. 

The method is essentially based en already-ex,sUng recogmzedtechniques, and 
also drawn on the experience ot /Tl1crobmlogists in a number of Mediterranean 
laboratories. In the description, the style used by the International Organization for 
Standardization (ISO) is followed as closely as possible. While designed primarily with 
conditions prevailing within the Mediterranean Sea in mind, the method is also, to 
variable extents, suitable lor other similar ecological regions. 

fhe present version of this method incorporates a number of amendments, 
based on reVlews durmg expert consu~ation mcctrngs organized by WHO, and on 
comments received from Mediterranean laboratories using the method within the 
framework of their national or local marine pollutiort mortitoring programme. 

2. SCOPE AND FIELD OF APPLICATION 

The method described is suitab1e for the determination of Jaecal colilorms in 
coastal ba1hing waters of temperature and tropical seas and Is desrgned to be used in 
sanitary surveillance of bathing beaches. 

It is based on the Multiple-Tube Fermentation {MPN) Test and can be employed 
as an atternative to the Membrane Filtratior. Culture Method. Whether the Membrane 
Filtration (MF) Culture Mel hod is preferred to the MPN Test depends ort local conditions 
and personal preferences. In gene:al the MF method is less labour intensive and due 
to the preconcentretion of the bacteria in the sample it is more suitable in situation 
where low 11umbers of coliforms are to be esbmated. The MPN test should be given 
preference when the test sample contains high amounts ol particulate matter which will 
hinder the reading ot the MF's atter incubation. 

Faecal coliforms cxh,bi1 a highly specific positive correlation with faecal 
contamination 1rom warm•blooded animals and, therefore, are good indicators tor the 
sani1ary quality of coastal waters. Sine£! laecal colrlorms die with111 hours when exposed 
to sunlight in seawater at tempera!ures above + 4° C, their presence in seawater 
mdicates only recent comaminat,on by faecal material. Die-away rates (T-90) depend 
on salinity, temperature, solar radiation, etc. and must be taken into consideration when 
interpreting the results. 

3. DEFINITION 

Faecal colitorms are aerobic and facultatively anaerobic, Gram-rtegabve, non­
sporeforming rods tnat ferment tac lose wh,le produc,ng acid and gas at3S0 c and 44.5° 
C, in less than 24 hours. They produce in dole ,n tryptone water containing tryptophane 
~,.,~nr, 
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4. PRINCIPLES 

Quant,tation olfaccal col1torms m seawater samples is accomplished by testmi:i 
multiple sample portions in a lactose based medium for gas production at 44_5° c. 
There are two metnods: (a) a direct test using A-1 broth with incubation at 44.5° C for 
24 hours or (b) the supplemental conf1rmation of pasit,ve lactose tubes in the total 
col1forrn proc7cture. 

Five sample portions 1or each multiple tube dilution (10 ml, 1 ml, 0.1 ml, etc.) 
are inoculated into individual tubes at A-1 broth (direct test) or tubes of lactose broth 
(total coliform procedure). The A-1 cultures are inoculated at 44.5 :c 0.2° C for 24 
hours, the lactose cultures at 35.0 :c 0.5° C for 48 hours. The direct test (A-1 broth) Is 
read for gas. production after 24 hours incubation and faecal col~orm densfty is 
detarrni11ed from the combi11ation of positive-negative tubes interpreted in the MPN table 
(table 1)_ 

When Ille total col1ro1m procedure is used to obtai11 a faecal coliform 
determination, confirm all positive lactose cultures in 24 and 48 hours by transferring a 
loop-full oi culture from each positive tube to either MacConkey or EC broth. Brilliant 
green broth may be used, however, there may be some loss in detection of stressed 
laecal coliforms. 

At the same time, one drop of all positive test tubes is transl erred into a similar 
multiple test tube series containing tryptone water and incubated also at 44.5 :!: 0.2° C 
(second confirmed test). 

The frequency of dual confirmed positive reactions (lactose fermentation and 
poSLtive indole} in the different dilutions ,s used for the calculation 01 the most probable 
number (MPN) of laecal colilorms i11 the analytical test sample. 

5. APPARATUS ANO GlASSWARE 

5.1 Sample bottles ot borosilicate glass or autoclavable plastic bottles 1\/ith screw­
cap tops, 200-250 ml capacity, wids-mouthed a11d with grou11d-glass stoppers 
are used to collect marine (seawater) samples 

5.2 Sample rod of non-corrosive material with a clamp to hold the sampling boWe 
(figure 1). 

5.3 Subsurface sampler of the type shovm ,n figure 2, or similar, complete with 
plastic rope and weight. 

5.4 Thermo-insulated plastic container with profrozen packs of chemical gel 
(camping equipment) for storage ol samples. 

5.5 Thermometer, o to 50° C, p·ecision ;- 1° c, to be used for checking 
temperature 1n sample collectron containers (5.4). Thermometer, 0° to 50" C, 
orecision :!: 0.5° C, to be used for checking temperature 111 water bath 
incubator. 



5.6 Water incubator tor 44.5 ± 0.2° C and air incubator for 35 e: 0.5° C with 
suitable test tube racks for 1nc-:bating multiple tube tests (5.15). 

5.7 Autoclave, maximum 2 atm., electric or gas. 

5.8 Drying oven for sterilization of glass sample bottles and p'pe!tes at 160° C for 
2 hours. 

5.9 pH meter, precision ± 0.1 pH units. 

5.10 Balance for media preparation, precision e: 1 mg. 

5.11 Refrigerator with temperature range of 2-8° C for storage ol samples to be 
processed within 24 hours cl collection. 

5.12 Vibrator (sha~er) for mixing sample al:quots in serial dilution (optbnal). 

5.13 811lenmeyer flasks of borosilicale glass for media preoaration, capacijy 1 and 
2 mres. 

5.14 Borosilicate glass bacteriological cul!ure tubes with sufr,cient capacity to receive 
20 ml of medium. 

5.15 Small borosilicate glass tubes 6 x 50 mm ('Durham vials") to be inserted in 
culture tubes (5.15} for detection cf gas fcrmat1on 1n the multiple test tube. 

5.16 Total volume (blow-out) borosilicate glass pipettes of 1, 9 and 10 ml capacity 
vvith stainless steel conta,ners for sterilizat,cr.. 

Note: 9 ml capachy p}pettes are optional. 

5.17 GradL!ated borosilicate glass cylin::iers cf 100, 500 and 1000 ml capacity with 
glass beakers, aluminium foil or wrapping paper for cover. 

5.18 Bacteriological transfer loops made from 22-24 Chrome! gauge, nchrome or 
platinum-iridium. Diameter ol lho ioop; 3 mm_ 

5.19 Heavy wrapping paper or metal alum;n,~•m wrap. 

5.20 Test tube racks, rust resistant, with capacity tor 1;:; or 25 test tubes (preferably). 

6. CULTURE MEDIA, REAGENTS ANO STOCK CULTURE 

Note: The composhion of the r;icdia is based on one litre solutions or similar 
units. Before preparation, the actual needs nave to be established and 
adequate amounts mus1 be cl1osen accordingly. 
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1) Submerge mcLJl/1 20-30 cm 

2) Turn extension arm 180" 

Figure 1. Subsurface samplmg with extension arm. 

--- Messenger 

- Glas~ tube (breakable) 

Rubber hose -

-- Metnl frame 

, -- Stenle sample bottle 

- Heavy bottom wetght 

Figure 2 Sampler for sterile subsurface samplinq. 
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6.1 Preparation of Materials, Media, Reagents 

All glassware and apparatus (5) should be washed with non-toxic detergent 
(6.13). followed by a thorough (complete) rinse with hot tap water and then rinsed at 
least 1hree times with distilled water (6.11). 

6.2 Sterilization of Glassware and Equipment 

6.2.1 Surtace sample bottles (5.1). Clean all sample bottles as described 
under (6.1) and dry. Plastic sample bottles can only be sterilized in the autoclave (5.7) 
(121° C for 15 minutes). Be sure screw-cap tops rue loose fitting during sterilization to 
avoid bottle collapse due to steam pressure in autoclaving. Sterilize glass sample 
bottles preferably in a drying oven (5.8) for two hours at 160° C. Before sterilization, 
place a small piece of filter paper in the neck of the bottle to prevent the ground glass 
stopper from slicking after cooling. The paper insert should be left in place until time 
of sample collection. Al that time, discard the paper insert by 11ipping ~ out of bottle. 
Do not insert it into the sample or remove with fingers because of chance 
contamination. Put bottles into detergent-cleaned thermo-insulated boxes (5.4). 
Separate the bottles from each otller with clean wrapping paper (5.19) to avoid 
breakage. 

Note: If residual chlorine is suspected in the water sample, add 0.1 ml of a 
10 per cent sodium thiosulphate solution {6.12) for each 100 ml ol 
sample to the contents of the sample bottle before sterilization. This 
amount is sufficient to neLFtralize about 15 mg of residual chlorine per 
litre. 

6.2.2 Subsurface sampler (5.3). Clean the subsurface sampler as described 
under 6.1, rinse with tap and distilled water (6. 11). Enclose each sampler in heavy 
wrapping paper (5.19) and sterilize in an autoclave (5.7} fer 15 minutes at 120" C. 

6.2.3 Pipettes (5.16). Clean pipettes as described under 6.1 then insert a 
cotton plug in the mouthpiece and place into suitable slain less steel containers prior to 
ste1ilization In a drying oven {5.8} for two hours at 160° c. 

6.3 A-1 Broth (Direct Test) 

• 

Lactose 
Tryptone 
Sodium chloride NaCl 
Salicin 
Polyethylene glycol p• 
iso-octylphenyl ether" 
Distilled water 

5.0 g 
20.0 g 
5.0 g 
0.5 g 

1.0 ml 
1.0 1,tre 

Triton X-100, Rohm and Haas Co., or equivaler.t. 



Heat to dissolve ingredients, add polyethylene glycol p-iso•octylphenyl ether, 
and adjust to pH 6.9 :<: 0.1. Before steriliza!Jon, dispense sufficient medium into 
Jermentat1on tubes to cover the inverted vial (Durham vials) at least partially after 
sterilization. Sterilize by autoclaving at 121° C for 10 minutes. Store in dark at room 
temperature for not longer than 7 days. Ignore formation of precipitate. 

Make A-1 broth of such strength that adding 10 ml sample portions to medium 
will not reduce ingredient concentrations below 1 x (normal) strength. For 10 ml 
samples prepare double-strength medium. 

, .• Lactose Broth 

strength 

single double 

Beef extract 3.0 g 6.0 g 
Peptone 5.0g 10.0 g 
Lactose 5.0 g 10,0 g 
Distilled water 1.0 litre 1.0 litre 

Preparation: Dissolve ingredients in drslilled water (6.11). The pH of single 
strength broth should be between 6.8 and 7.0, but preferably 6.9 atter sterilization (5.7). 
Double strength broth pH should be 6.7 :<: 0.1. 

Place 5 clean culture tubes in each ol 3 rows of a test tube rack (more in case 
the expected MPN of total coliforms is high). Then add inverted vials (5.15) to all culture 
tubes and dispense 10 ml of medium into the culture tubes or sufficient amount so that 
the inverted vials (Durham vials) are at least partially covered after the entrapped air in 
these vials has been driven out during autoclaving. Into the 1irst row of these culture 
tubes transfer double strength broth (6.4). Into the second and third rows (and If 
necessary into successive rows) trans/er single strength broth. Close all prepared tubes 
with metal caps or cotton plugs. Autoclave (5.7) the prepared medium dispensed in 
tubes at 121° C, preferably for 12 minutes, but not exceeding 15 minutes. Test a 
sample of the sterilized medium for performance using control stock cultures (6.15). 
111he non-lactose fermenUng control culture produces gas in 24 hours al 35" C, medium 
has been overheated in autoclaving and should be discarded. 

Note: Double strength broth must be used in the lirst row when 10 ml of 
sample is added to the culture tubes. If sarr.ple portions tc be tested 
are greater than 10 ml, prepare medium concentration such that after 
sample addition, the medium will approximate 1 x (normal) strength. 

6.5 MacConkey Broth 

6.5. 1 Composition of medium 

Sodium taurocholate 
Lactose 
NaCl 
Peptone 
Distilled water 

5.0 g 
10.0 g 
5.0 g 

20.0 g 
1.0 litre 



Preparation: Dissolve ingredients by shaking and adjust pH to 7.1 + 0.1 with 
diluted HCI or NaOH. Add 2 ml bromo•cresol purple solution (6.5.2) ta each l,tre of 
prepared MacConkey broth. 

Place 5 clean culture tubes in each of 3 rows of a test tube rack. Then ~dd 
inverted vials (5.15) to all cufture tubes and dispense sufficient medium into 1he culture 
tubes so that the inverted vials are at least partially covered after the entrapped air in 
these vials has been driven out dunng autoclaving. Close all prepared tubes with metaJ 
caps or cotton plugs. Autoclave the prepared medium in culture tubes at 121° c, 
preferably for 12 minutes, but not exceeding 15 minutes. After sterilization, cool the 
broth as quickly as possible. Final pH of stenle medium should be 7.2 :t 0.2 after 
autoclaving. Test a sample ofthe sterilized medium for porformance us,ng control stock 
cultures (6.15). If the non.lactose fermenting control culture produces gas in 24 hours 
at 35° C, the medium has been overheated in autociaving and should be discarded. 

6.5.2 Bromo-cresol purple solution 

Preparation: Dissolve 1 g al bromo-cresol purple in 99 ml of 95% pure ethanol 
(6.14). Add 2 ml of bromo•cresol purple solution ta 11 of MaCCankey broth before 
autoclaving. 

6.6 EC Medium 

Tryptose or trypticase 
Lactose 
Bile salts mixture or 

bile salts Na. 3 
Oipatassium hydrogen 

phosphate KzHP04 
Sodium chlo11de, NaCl 
Distilled water 

20.0 g 
5.0 g 

1.5 g 

1.4 g 
5.0 g 
1.0 litre 

Before stenlization. dispense in ferrnentat1on tubes with an inverted vial sufficient 
med,um to cover the inl'erted vial at least partially after sterilization. pH should be 6.9 
after sterilization. Test a sample ot the sterilized medium Jar performance using control 
stock cultures (6.15). If the nan•lactase lermenling control culture produces gas in 24 
hours at 35° C, the mcd,um has beeri overheated iri autoclavang and should be 
discarded. 

6.7 Brilliant Green Bile Broth 

Oxgall, dehydrated 
Lactose 
Peptone 
Brilliant green 
Distilled watm 

20.0 g 
10.0 g 
10.0 g 
0.0133 g 
1.0 litre 

Preparatmn: Dissolve the ingredients in arie litre al distilled water (6.11). 



Place 5 clean culture tubes in each of 3 rows of a test tube rack. ,:han add 
,nverted vials (5.15) to all culture tubes and dispense 10 ml of medium into the culture 
tubes, or sufficient amount, so that the irwerted vials are at least partially covered after 
the entrapped air in these vials has been driven out during autoclaving. Close the tubes 
with metal caps or cotton plugs. Sterilize by autoclaving (5.7) at 121° C, preferably ior 
12 minutes. but not exceeding 15 minutes. After sterilization, cool the broth as quickly 
as possible. Final pH should be control stock cultures (6.15). Ii the non-lactose 
terment1ng control culture produces gas in 24 hours at 35° C, medium has been 
overheated in autoclav,ng and should be discarded. 

6.8 Tryptophane Broth 

Tryptone 
Distilled water 

10.0 g 
1.0 litre 

Preparahon: Dissolvo the ingredients in distilled waler (6. t t ). 

Dispense 10 ml of tryptone water into each of 15 test tubes positioned in 3 
rovvs of the dilution series. Autoclave (5.7) at 121° C far 15 minutes. The final pH 
should be between 7.2 and 7.4. If necessary, adjust the pH be1ore sterilization. 

6.9 Phosphate Buffered Water 

Preparation: To prepare stock phosphate buffer solution, dissolve 34.0 g 
potassium dihydrogen phosphate (KH2P04), in 500 ml distilled water, adjust to pH 7.2 
± 0.5 with 1 N sodium hydroxide (NaOH). and dilute to 1 litre with distilled water. 

Add 1.25 ml stock phosphate butler solution and 5.0 mt magnesium chloride 
soluUon (38 g anhydrous MgCl2'" 1 distilled water) to 1 litr~ distilled water. Dispense in 
amounts that will provide 99 ± 2.0 ml or 9 !. 0.2 ml after autoclaving for 15 minutes. 
Final pH should be 7.2 :: 0.2. If the anhydrous saJt is not available use 81.8 
MgCl2.6H20 per 1 litre of distilled water. 

Peptone water {alternative dilution water): Prepare a 10% stock solution of 
peptone in distilled water. Dilute e measured volume to provide a final 0.1% working 
solution. Dispense 1n amounts to provide 99 ± 2.0 ml or 9 ± 0.2 ml after autociaving 
for 15 minutes. 

Do not suspend bacteria in any dilution water for more than 30 minutes at room 
temperature because death or muttipl1cation may occur. 

6.10 Kovac's lndole Reagent 

Paradimethyl am1no­
benzaldehydc 

Amyl alcohol 
Concentrated HCI 

5.0 g 
75.0 ml 
25.0 ml 

Preparation: Dissolve the benzaldehyde in iso-amy, or normal amyl alcohol and 
aod HCI. The reagent should be yellow. Some brands of paradimethyl 
__ , __ h - --- '~- h. -~- --- __ , --"-'--'--" -- ..._ _____ . , ___ ,__,_,_, _ __, ,_Am -Al"'" '""~.!Inn\ 
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6.11 Distilled Water 

Use only water distilled in all-glass or all-quartz distillation apparatus or reverse 
osmosis (RO) water. De-ionized water is also acceptable if produced in apparatus that 
does not release toxic substances. 

Note: Commercially available disWled water is often produced in copper and 
zinc apparatus and is highly toxic for coll/orms. 

6.12 Thiosulphate Solution 

Prepare a 10 per cent sodium thlosulphate (Na2S20:,) stock solution. To a 
120 ml sample bottJe, add 0.1 ml of the 10% solution of N¾S20 3 before sample bottle 
sterilizallon. 

6.13 Detergents for Cleaning Glassware and Apparatus 

Use only detergents recommended by the supplier for bacteriological use. If 
such a detergent is not ava!lable, check normal household detergents w~h a biotest 
using a stock culture of E. coli. 

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware, 
as this is toxic to bacteria. 

6.14 95 per cent Pure Ethanol (not denatured) 

6.15 Stock Cultures for Quality Control 

Stock cultures o1 E. coli for positive control (lactose Jermcntalion) and Proteus 
inirabi/is or a Salmonel/<1 strain for negative control (glucose fermentation). 

7. SAMPLING 

Details of a sampling plan are provided in Part I of these guidelines. 

7.1 Sampling of Surface Water 

Labef sample bottle at collection site jndicating the sampling station, time of 
sampling and other factors relevant to the interpretation of the results. Attach ciean 
sterilized sample bottle (6.2.1) to the clean sampling rod (5.2). Immediately before 
submerging the sample bottle, remove the ground glass stopperlrom the bottle without 
tous=hing the inner surface of the bottle and stopper or screw cap_ Immerse the bottle 
lrom the bow of the boat or from the windward side while the boat is moving forward 
slowly. Push the bottle wjth the sampling rod 25 cm under the water surface film, then 
turn the sample bottle upwa1ds and take the sample (figure 1). The sterilized sample 
bottle may also be lilied directly by hand. Position bottle with neck po;nting slightly 
upward and opening directed away lrom the hand. Plunge the bottle below the water 
surface wiH1 a sweeping motion aga,nst the current. 
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RelI,eve the bottle and discard some water, if necessary, so that some air 
space remains in !he closed bottle. This space is needed for homogenizing the waler 
sample at the rncerving laboratory. Replace the glass stopper or screw cap and store 
the samples in tl7e clean, thermo-insulated sample bottle container (5.4) with prefrozen 
packs of chemical gel at about 4° C, avoiding exposure to more than + 10° C. Keep 
samples in the dark. Separate bottles from each oll7erwith clean wrapping paper (5.19} 
to avoid breakage. 

7.2 Sampling of Subsurface Water 

Label sample bottle at collection site indicating the sampling station, time of 
sampling and other factors relevant to the interpretation ol the results. Lower the 
sterilized subsurtace sampler (6.2.2) ofter attaching it to a clean plastic rope, without 
letting the weight disturb the bottom sediments (figure 2). Release the messenger and 
after one minute retrieve the sampler and store it ;n a thermo-insulated sample 
collection container (5.4). Proceed as for sampling of surface water (7.1). 

Note: It is known that the die-away rate of faecal coli1orms at ambient 
temperature in the presence of light is very high. Therefore, all efforts 
should be made so as not to collect more samples than can be 
analyzed and incubated the same day. If this is not possible, the 
samples should be stored at 40° C and analyzed not later than 24 
hours after sampling. 

8. TEST PROCEDURE 

8.1 Selection of Sample Size and Dilution Series 

Select a dilutmn series for each sample tnat will ensure postlive tubes In the 
lowest dilution row and negative tubes in the higher dilution rows. If previous 
experience for planning the dilLllion senes ior cloan seawater is not available, transfer 
10 ml of the seawater to the first row containing 5 tubes ol double strength lactose broth 
(or A-1 broth), 1 ml to the second row of 5 tubes and 0.1 ml to the third row of 5 tubes. 
All rows after the first row (ii 10 ml sample portions are used) should con lain only single 
strength lactose broth {or A-1 broth). In po!luted seawater the dill.Ilion should be 
extended to 5 dilu~on rows (the first receiving 10 ml from the seawater sample into 
double strength lactose broth or double strength A•t broth) or 5 dilution rows of single 
strength lactose broth (or A-1 broth) into which the seawater sample is transferred after 
the appropnate se11al (10 fold) dilutions (figure 3). 

8.2 Incubation in Lactose Broth at 35 + 0.5° C for 48 hours (Presumptive 
test) or in A-1 Broth for Direct Test 

Using ste1ile pipettes 16.2.3) transfer 10 ml portions of the water sample (7) into 
each of 5 sterilized culture tubes containing double strength lactose broth (6.4). 

Next transfer with a sterile pipette (6.2.3) 1 ml sample portions (7) into 5 
steriltzed culture tubes containmg single strength lactose broth (6.4). 



" 
buffer (6.9) {dilution 0-1). Mix vigorously by hand or optionaliy with vibrator (5.12). 
Transfer aseptically (6.2.3), us,ng a sterile pipette, 1 ml of D·1 ,nto each of the 5 culture 
tubes containmg 10 ml single strength lactose broth (6.4} or A-1 broth (6.3). 

If necessary, for further dilutions trans1er 1 ml of the D-1 dilution into a test tube 
comain,ng 9 ml of phosphate buffer or peptone water (6.9) to obtain dilution D-2, 1 ml 
of dilution D-2 into 9 ml of phosphate bLJffer (6.9) to obtain dilubon D-3, etc. Shake 
each succeeding dilute aliquot prior to transferring dilute sample portions to cu~ure 
tubes containing single strength lactose broth or A-1 broth. 

Incubate the series of lactose broth culture tubes in an air or water incubator 
(5.6) at 35 :t 0.5° C for 48 hours. 11 the dfrect test is used, incubate A-1 broth tubes in 
a water bath at 44.5 :t 0.2° C tar 24 hours. 

After 24 hours check for gas formation. Tne observation of gas formation in 
the Durham vials can be lacilitated by slightly tapping on the walls of cul lure tubes. The 
appearance ot an air bubble must not be confused with actual gas production. If the 
gas is formed as a result of fermentatmn, the broth will become cloudy. A(..iive 

• fermentation may be shown by the continued appearance of small buobles of gas 
throughout the medium outside the inner vial when the fermcntat1on tube is shaken 
gently. Record the number of t'-'bes showing posrtive reactions (gas formation after 24 
hours of incubation) in table 3, hem 3, under (1 a}. 

II the drrecttest (A-1 broth) at 44.5° C 1s used, calculate MPN value to complete 
the test and report results. II the test to be periorrned on lactose tubes in the total 
col1torm MPN test. confirm all pos1trve tubes in e,ther MacConkey, EC or brilliant green 
bile broth. 

After 48 hours check again for gas fcrmatmn in the same tubes and record the 
results in table 3, ftem 9, under (1 b). 

8.3 Incubation in MacConkey or Brilliant Green Bile Broth at 44_5° C for 48 
hours (F!rst conffrmed test) 

Three row lactose broth presumptive test: after incubation tor 24 hours in 
lactose broth at 35° C (8.2) transfer with flame sterilized transfer loop (5 18) one Joop-!ull 
from each lactose culture tube that provided a positive reeding into the test tubes 
situated in identical positions on the t1Jbe rack containing MacCo~kcy (R.5), EC (6.6) or 
brilliant green bile broth (6.7). 

Five mw lactose bro!h presumpt,ve test: after ,ncubation tor 24 hours rn lactose 
broth at 35° C (8.2) select the highest dilution rn which the row ot 5 tubes gives positive 
readings in all 5 lubes (no negative readings should exist in lower d:lutions) and all 
positive tubes in succeedrng higcier dilutrons, !hon transfer with flame sterilized transfer 
loop (5.18) one loop-full from each lactose culture tube that provided a positive reading 
into test tubes SJtuated in identical pos,t1or.s on the tube rack containing MacConkey 
(6.5), EC (6.6) or brill1ar.t green bile brot11 (6.7). 

Incubate all con1irmat10n cul:urcs (MacConkey or brilliant green or EC broth) 
at 44.5° C in an incubator (5.6) for 2~ hours. 
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After 24 hours record the number of tubes showing positive reactions in table 
3, item 9, under (2a). Coliforms will ferment 1actose many of the selected confirmatory 
med,a, producing gas which is trapped in the inverted vials and if MacConkey broth is 
used, acid produced in fermentation will turn the violet-like colour of the medium to 
yellow. 

Repeat this confirmation procedure with all oll7er culture tubes containing 
lactose broth whict, have become posit,ve during the 24-48 hours incubation period. 

After another 24 hours record the number of tubes showing positive reactions 
in table 3, item 9, under (2b). 

8.4 Incubation In Tryptophane Broth at 44.5° C for 24 hours (Second 
confirmed test} 

At the same time, when cont,rming in MacConkey broth, EC or brilliant green 
broth at 44.5" C (8.3) trom positive lactose tubes, also inoculate parallel tubes of 
tryptophane broth. Conlirmation in tryptophane broth may also be applied to positive 
tubes ol A· 1 broth in the direct faecal coliform test. 

Incubate the tryptophane cultures at 44.5° ~ 0.2" C ma water incubator {5.6} 
for 24 hours. 

Alter 24 hours add approximately 1 ml of Kovac·s reagent (6.10) into each of 
the test tubes and shake. Within 10 minutes positive reactions are indicated by a red 
colour of the iso-amyl alcohol surface layer in the test tubes. Record the results in table 
3, rlem 9, under (2c). 

Alter 24 hours repeat this operation (8.4) with all tubes wnich have become 
positfve in lactose (8.4) during the 24"48 hour mterval and record the results in table 3. 
item 9, under (2d). 

9. EXPRESSION OF RES UL TS 

9.1 Calculation of Faecal Colilorms per 100 ml Seawater Sample 

Based on the data in the test report (10) for positive tubes w,th indole 
p;uduclion, calculate the MPN (Most Probable Numbers) value us,ng table 2. 

If sample portions ot 10 ml, 1 ml and o. 1 ml par test tube have been used, take 
the number of recorded positive readings from the 24-48 hour incubation in MacConkey 
broth, EC broth o, brilliant green bro1h at 44.5" C (8.3) and in tryptone water (8.4), i.e. 
the highest readings from either 2a or 2b. 2c or 2d In table 3. item 9, and find the 
corresponding most probable number (MPN) from table 2. Enter this value in the test 
report (table 3, item 10) 

If A· 1 broth is used in the direct faecal cohform test calculate the highest 
number of recorded positives /or each dilution from la and 2c and find the 
corresponding most probable numoers (MPNl from tahiR ,o Fnti>r thi<>. ""1' ,,, ,nth" t~.,_, 



When morn than three dilutions are employed, the results of only three of these 
are used in computing 1he MPN. For MPN calculation purposes, select the highest 
dilution that has all tubes positive and the next two following dilutions that will have 
some negative tubes. 

Occasionally, positive plates may be encountered beyond the three serial 
dilutions. In those cases, and tor purposes of calculating the MPN, inciude such 
additional resu~s in the third row. These skip combinations of posilive plates should 
occur with a frequency lower than 1% of the MPN tests performed. Higher lrequencies 
would suggest laboratory error in pipetting sample dilutions. Select from either 1a or 
1 b {direct test) 2a or 2b, 2c or 2d in Table 3, item 9, the diluUon in which the row of five 
tubes gives positive readings 1n all 5 tubes (no negative readings should exist In lower 
dilutions) and the two next succeeding higher dilutions. Find the MPN {Table 2) 
corresponding to the number of positive tubes in these three di!uUons and adjust the 
value by multiples of 10 depending on the starting dilution below 10 ml. 

Table 1 illustrates an example ol the numbers of positive test obtained with a 
series of 5 consecutive dilutions: 5-5-3-2-1 For MPN calculations the highest dilution 
selected would be that using 1 ml of sample. The final combination of positive plates 
reporled would ba 5-3-3, instead of 5-3-2. The MPN value corresponding to the 5-3-3 
combinatjon would be 170 Jaecal colilorms/100 ml {Table 2). and no! the MPN value 
of 140 faecal coliforms/100 ml associated to the 5·3-2 combination. The MPN density 
thus obtained should be ad1usled ro, dilution by multiplying for as many powers of 10 
as dilLJtions were performed with the first plate series considered below 10 ml. For 
example, a MPN value of 5.3.3 would be expressed as 170 faecal colilorms/100 ml 
when the starting dilution is 10 ml, but it would be counted as 1700 faecal coliforms/100 
ml when the starling dilution, is 1 ml, and 17000 faecal coliforms/100 ml when the 
largest sample volume used was 0.1 ml. 

Table 1. Example for computing the density ol laecal 
coliforms in a water sample analyzed by the 
MPN method 

Sample portion Positive tubes 
ml -

10 ' 1 s (X) 
o. 1 3 (XI 
0.01 ' [X) 
0.001 1 

Dilution Factor· = 10/1 = 10 
MPN (5•3·3) = 170 x 10 = 1700 faecal coliforms/100 ml 
95% conJidencc limits: 
lower: 
higher: 

80 x 10 = 800 faecal colitorms/100 ml 
410 x 10 = 4100 faecal coliforms/100 ml 

Q '!> p,,.,.;.,;,_n nf ro.,nltc 



Table 2. 

1, 

MPN index and 95% confrdence l,mits to, various combinations of 
pos~1ve and negative results when five 10-ml portions, five 1-ml portions 
and five O 1 ml portions are used -

So. of Tubes G,v,ng "'' $% Confidence 
Posrt;,e lleacnons out of Index L,mit• 

5of!Orllmcii 5 of 1 ml eacM 5 ol 0.1 ml eaci, 
oo 

100 ml Lower Upper 

0 0 0 ,, -- -
0 0 1 ' w w 
0 1 0 ' 1.0 w 
0 ' 0 0 10 " 1 0 0 ' 10 11 

1 0 1 ' 1.0 " 1 1 0 ' 1 0 " 1 1 1 0 ,.o 1S 

1 ' 0 0 ,.o 1S 

' 0 0 0 1 0 11 

' 0 1 ' 
,_, ,0 

' 1 0 ' 
,_, 

" 
' 1 1 ' ,o " ' ' 0 ' 0.0 ,, 
' 1 0 " 

,_, ,a 

0 0 0 ' 0.0 " 0 0 1 11 00 " 1 1 0 11 0.0 " 0 1 1 10 0.0 " ' ' 0 10 00 " 0 ' 1 H 
,_, 

" 
' ' 0 H 00 " 0 0 0 " 

,_o " ' 0 1 H ,o " 
' 1 0 11 ,o " ' 1 1 " 00 ~ 

' 1 ' 
,, " 00 

' ' 0 " '" " ' ' 1 OS " 00 

0 1 0 " " " 0 0 1 00 " n 
0 1 0 ~ rn 00 

' 0 0 " 
,_, 

" ' 0 1 ,0 w 110 

' 0 ' " 00 1,0 

' 1 0 00 10 1,0 

' 1 so 00 100 

' 1 ' 00 ,0 100 

' ' 0 00 00 HO 

' ' 1 " ,0 ,w 
1 ' ' ' 00 " ''° 

' 0 0 m 00 ,oo 

' 0 1 110 w 000 

' ' ' 100 00 = 
' 0 0 HO 00 ow 

' ' 0 1,0 so ,oo 

' 0 1 HO 

I 
m "' 

' ' ' '" 100 000 

' 0 ' ,oo 100 
-

000 
1 



1 D. TEST REPORT 

Table 3. Faecal colilorms. in seawater samples. 

' Sampbr.g area ' Sampling poinc code numt>er: 
country: (station) longitude; 
area: lat~ucle: 

3. Time of samplir,g hour: day: month: -- -~ ----- -

• Sampling and environment condi!iori.s 
Sampir,g depth: Container number. 
Temperature at sampling deplh: 
Salinity at sampling deptC.: Durat,on of storag<>: 

(other factors which may ,nfluonce !he results should be reponed un<Jer 11) 

5. Time ot moculation hou,: ---

' Start ot incubation hour: --

' End of ,ncubat,on hour: --

' Confirmatory test MacConkeic 

• Numt;>or of poso,ve raaccions at 44 5" C 

Voluma Lactose MacConkey;BG 
,nml (A· 1 broth) or Br. G,een 

transferred {Direct tesl) or EC 

'" '"" '" "" 11 a) {ab) (2al (2b) 

rn -- -- -- --
' -- -- -- --o., -- -- -- --

O.Ql -- -- -- --
0,001 -- -- -- --
0.0001 -- -- -- --

11. A~omal1es obSBrvod in the test proe<>dure 

12. full address of the ,nstourion whiCh 
carried out the analysis· 

day:__)_/_ 
day:_/_/_ 
day:_/_/_ 

8nll,ant green: lndole: 

1C, Testrasutts· 

lndole 10.1 D"ect test(A·1) 

'" (2c) 

--
--
--
--
--
--

test plus ,Mole test; 

-- F. ~./100 ml 

"" /2d) 
10,2 After 4ah ,n Mac 

-- Conkey. or BG 
plus indole: --

-- --- F. col./100 rnl 

--
95% co,,fodance limits: 

--
--·-- F '°'"·/100 ml --

Natme(S) and s,gnature(s) of lhe 
person:s) who carried out the Malysis: 

Date: 
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