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PREFACE

The Regional Seas Programme was in itia ted  by  UNEP in  1974 Since chen the (îovcriung 
C ouncil o f  UNEP has lepca lu ilv  endorsed a regional approach to Ihc contro l o f  mariae po ll in ion  and }he 
management o f  m arine and coastal resources, and bas requeued the development o f  regional action plans 
I'he R egionar Seas Programme nt present includes 12 regions and has over Í4 0  coascaJ stales partic ipating
in  it ( I ) ,  (2).

O ne o f die basic components o f the  action plans sponsored by UNEP in  the fram ew ork o f the 
Regional Seas Programme ;s d ic  assessment o f  d ie state o f  the marine environm ent and < S  n«; rewurces. 
and o f die sources and trends o f the po llu tion  and the im pact o f  p o llu tio n  o n  human health, m ín n e  
ccusystems and amenities In  o rder to assist those pa rtic ipa ting  in  th is  activ ity , and to ensure thnf the data 
obtajjied tiuougk  th is asscsMiicnt c«ui be compared on a w orld -w ide  basts and thus contribute to  the Global 
Environm ent M o n ito r in g  System (GEM S) o f  UNEP, a sot o f  Rcfereoce M ethods and Gin del ¡nes fo r 
marine p o llu tio n  studies h  being developed as par: o f  a jtfogram nic o f comprehensive technical support 
w h ich  includes liae provism a o f  expert advice, reference methods and iru itenals, tra in in g  and dnui (pc iliiy  
assurance ( : )  The methods *re  recommended to  be adopted b y  Governments partic ipa ting  in  the Regional 
Sens Programme

The medlinia snd guidelines are prepajed by, o r  m  cooperation w ith , the relevant speeui)i7ed 
Ihk I ic s  o f d ic  U nited Nations system as w e ll as o ilie r organizations. and are tested by a number o f  expert« 
competent in  the fie ld  relevant to the methods described

I i i  the description o f  the methods and guidelines the stvle used by the  International O rg ; in i7 * t to n  
fo r SbuidarduaUon (ISO) rs fo llowed as c lo s e ly  as possible

The m etliods and guideline*, as published in  UNEP's series o f  Reference M ethods fo r  M arine  
P o llu tion  Studies, «u t no t considered us fina l. They are piaoned to  be  period ica lly revised tak ing  in to  
account the development o i oni understanding o f  the  problems, o f  analytical instrum entation and the 
actual need o f  the users. In  order to  fac ilita te  these revisions, the users are invited to  convey th e ir 
comments and suggestions lo*

W H O /EU R O  Project O ffice
Coordinating U n it fo r the Mediterranean A c non Plan
48 Vussileos Konstantinou
P.O. Box 1801V
G R -i 1610 Athens
GREECE

w h ich  is responsible fo r  the development and preparation o f  m icrob io log ica l and o ilie r heaJQi-rclated 
Reference Methods.

A d  ile  V« cuen Is  ojkJ p la n n e d  dsve lcp m e « '. o f  U i i  1,‘ N  h F s  R e g io n a l S e r^  P m ^ n r m i*  » id  

i. i in  i(ia i j | i ) e  p c ^ ^ o i/ a u «  v p o n s u m l b y  o ü ie r  b o l le *  C N Ü P  R c r ia iá J  S e i«  fîc p o rts  and  
«¡iiiitiwMft l. L'riLf'. h>82

A  s ifM îg>  te r 'l io  Seas. T l ic  Regional S e is  Peoftrajionc. P a*l and fu tu rs ,  UNEP l f? 0 .

R clè isncs Method* .m l  M -dsna !* v  f*r<'gr.u*ime f i r  cionprshesistvc suppo rt lo r  regional 
and g lo b a lm u jiu ep o lJuú cn u Jse ftm e o tí U N L P . 1SSHJ.

( l i  liN F ,P .
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T in« revised issue o f  Reference M ethods fo r M arine  P o llu tion  Studies No. 3 was prepared by the 
W o rld  H ealth  Organization o n  the basis o f  a review o f  the M ethod d u ring  expert meetings and comments 
from  in d iv id u a l scientists who tested the  M ethod T he  assistance o f  a ll (hose who contributed to  th is 
revised issue o f  the Reference M ethod is  g ra te fu lly  aclaioivledged
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1. IN T R O D U C T IO N

The orig inal version o f this recom m ended m ethod w as prepared by the  W orld 
Health Organization w ithin the fram ew ork o f the  Long-term  Program m e o f Pollution 
Monitoring and Research in the M editerranean Sea (MED PO L Phase II) and issued by 
the United Nations Environment Program m e as Reference M ethod fo r Marine Pollution 
S tudies No. 3 w ithin UNEP’s Regional Seas Program m e Activ ity Centre’s series.

The m ethod is essentially based on already-existing recognized tech niques, and 
also drawn on the experience o f m icrob io log ists in  a  num ber o f Mediterranean 
laboratories. In the description, the style used by the  International Organization fo r 
S tandardization (ISO) is followed as closely as possib le . W hile designed prim arily w ith 
conditions prevailing w ithin the M editerranean Sea in m ind , the m e thod  ts  a lso, to  
variable extents, su itable fo r o ther sim ilar ecological regions.

The present version o f this m ethod incorporates a num ber o f am endm ents, 
based on reviews during expert consultation m eetings organized by W HO, and on 
com m ents received from  Mediterranean laboratories using the  m ethod w ith in  the 
fram ework o f the ir national o r tocaJ marine pollution m onitoring programme.

2 . S C O P E  A N D  F IE LD  O F  A P P L IC A T IO N

The m ethod described is suitable for the determ ination o f faecal coliform s in 
coastal bathing waters o f tem perate and tropica! seas. It is  designed to  be used in 
sanitary surveillance o í bathing beaches.

it uses a  m em brane filter procedure which a llows concentration o f the bacteria 
prier to  incubation, it can be em ployed in alternation with the Multiple*Tube 
Fermentation (MPN) Test (UNEP/W HO 1983). W hether the M em brane Filtration (MF) 
Culture M ethod is preferred to the MPN Test depends on local cond itionsand  personal 
preferences, in  general, the M r  m ethod is less labor-intensive and, due to  the 
preconcentration o f the bacteria in the sam ple, it is m ore  suitable in situabons where low 
num bers o f coliform s are to  be estimated. The MPN test shou ld  be given preference 
when the  test sam ple conta ins high am ounts o f particulate m atter which will h inder the 
reading o f the MFs after incubation.

Faecal co lifo rm s exhibit a  nighJy specific positive correlation with faecal 
contam ination from  warm -blooded animals, and therefore are good  indicators fo r the 
sanitary quality o f coastal waters. Since faecal co lifo rm s die w ithin hours when exposed 
to  sunlight In seawater a t tem peratures above + 4  0 C, the ir presence in seawater 
indicates on ly  recent contam ination oy faecal material. Die-away rates (T-90) depend 
on salinity, tem perature, solar radiation, etc and m ust be taken into consideration when 
interpreting the results.

3 . D E F IN IT IO N

Faecal conform s ace aerob ic and facu ltatively anaerobic, Gram-negative, non* 
sporeform ing rods that ferm ent lactose wnile producing acid  and  gas, both a t 36° C  and 
44.5° C , in less than 24 hours. They produce indole  in tryptone water contain ing
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tryptophan a t 44.5° C. Under the conditions described in th is  reference m ethod, the 
faecal co lifo rm s appear as blue colonies.

4 . P R IN C IP LE S

From sea-water sam ples taken under stehle conditions, a dilution series is set 
up  accord ing  to  the num ber o t taecai co lifo rm s expected in  the  w ater sam ple. A liquots 
o f this d ilu tion series arc filtered through 0.45y pore size m em brane filters. The 
m em brane filters are placed on the surface o f m*FC agar conta ined In Petri dishes and 
incubated a t 44 .5  :  0 .2° C  for 24  hours. Lactose ferm entation will cause co lon ies o f 
faecal co lifo rm s (3) to  exhibit a  characteristic b lue  co lour.

Residual chlorine, if present, is  neutralized by add ing th iosu lphate to  die 
sam pling bo ttle  before sterilization.

Suspect and  doubtfu l co lon ies can be tested fo r acid  and  gas developm ent with 
a  confirm ative test using M scC onkey bro th  o r b rilliant green bUe bro th . In  areas where 
industries d ischarge polysaccharites (paper m ills, suga r beet industries, etc.), further 
confirm ation by the  indole test m ay be necessary.

5. A P P A R A TU S  A N D  G LA SSW A R E

5.1 Sam ple battles o f borosilicale g lass fo r surface seawater, 200*300 m l capacity, 
w ide-m outhed and with ground-glass stoppers.

5.2 Sam ple ro d  o f non-corrosive m aierial w ith  a  c lam p to  ho ld  the sam pling bottle 
(figure 1).

5.3 Subsurface sam pler o f the type show n in figure 2, o r  sim ilar, com plete  with 
p lastic rope and weight.

5.4 Therm oisolated p lastic boxes w ith  coo ling  pads o r sim ilar cooling units 
(cam ping equipm ent) fo r storago o f samples.

5.5 Therm om eter, 0 to 50° C . precision -  t °  C, preferably unbreakable p lastic type, 
to  be used fo r checking tem perature in p lastic  boxes (5>4).

5.6 Filtration separatus fo r 4 .7 cm  d iam eter m em brane filters (MF) consisting o f at
least three filter funnels fo r sim ultaneous filtra tion, m ada o f borosilicate glass 
o r o ther non-tox ic sterilizablo material, com p le te  w ith  electric o r water vacuum  
pum p.

5.7 W ater incubator fo r 44.5 =  0.2° C.

5.Ô S tereom icroscope, m agnification 10-50X; a n d /o r  darkfield co lony counter,
m agnification 2-3X.

5.2 Autoclave, m ax 2 atm., e lectric o r gas.

5.10 Orvino oven in r srnnii7Atinn a» ip rw  n
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1 ) S u b m e rg e  m c u th  2 0 - 2 0  c m

2 )  T u rn  e x te n s io n  a rm  i a o °

Figure 1. Subsurface sam pling w ith  extension arm.

RubDer nose

Wire

M e s s e n g e r

—  G la s s  tu b e  (b re a k a b le )

S te r i le  s a rn o  I c  b o t t le

H e a v y  b o t to m  w e ig h t

Figure 2. Sam pler fo r sterile subsurface sam pling.
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5.12 Stainless steel forceps.

5.13 Analytical balance, precision ±  1 mg.

5.14 Refrigerator 4 ;  t °  C.

5.15 V ibrator (shaker} fo r m ixing liqu ids in  culture tubes.

5.16 Petri d ishes o f borosiiicate glass, d iam eter 5  cm , com plete  w ith  stainless steel
containers fo r sterilization, or d isposable pre-sterilized plastic Petri dishes.

5.17 E hrlenm eyerflasks o f borosiiicate g lass fo r m ed ia  preparation, capacity 1 and 
2  litres.

5.13 Borosicilate glass bacteriological culture tubes.

5.19 Total vo lum e (blow-out) boros¡ct:aíe g lass pipettes o f 1 ,9 ,  10 and 20 ml 
capacity, w ith stainless steel containers fo r sterilization.

N o te: 9  ml capacity p ipettes are useful, b u t not essential.

5-20 Graduated bcrosilicate class cylinders o f 100, 500 and 1CCC m l capacity wilh 
glass beakers for cover.

5.21 Sm all borosiiicate g iass tuoes 6 x  50 m m  ("Durham vials"! to  be  inserted in 
culture tubes (5.18).

5.22 Bacterio logical loops made from  2 2 «24 Chrom e! gauge, n ichrom e o r platinum« 
iridium . Diameter o f the loop: 3 m m

5.23 Heavy w rapping paper.

5.24 A lum in ium  foil (household qua lity ).

5.25 M em brane filters (MF), pore size 0.45}/, d iam eter 4.7 cm , or sim ilar, fitting
filtration apparatus (5.61, c r  m em brane filter o f s im ilar diameter fitting the
filtration apparatus.

N ote: The 0.45p pore size m em brane filter (MF) shou ld  be certified by the 
m anufacturer to  be free from  substances which m ay hinder the growth 
and developm ent of bacteria. M axim um  recoveries are obta ined using 
membranes com posed o f m ixec esters o f cellulose.

5.26 Metal boxes which aro watertight and  suitable lo r incubating Petri dishes in the 
water bath (5.7).

5.27 Filter paper.

5.28 W ater path 44.5 .= 0.2° C.
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B. C U L T U R E  M E D IA , C H E M IC A LS  A N D  S T O C K  C U LT U R E

N ote: “ he com position of the m ed ia  rs based on one litre solutions o r sim ilar
units. Before preparation, the actual needs have to  be established and 
adequate am ounts must be  chosen accordingly.

$.1 M -F C A g a r

6 .1 .1  M ed ium

Tryptone tO.O g
Proteose peptone No. 3 5 .0 g
Yeast extract 3 .0 g
S od ium  ch loride 5 .0 g
Lactose 12.5 g
Bile salt No. 3 1.5 g
Aniline blue 0.1 g
Agar 15.0 g
Distilled w ater ($.7) 1.0 litre

Preparation: Dissolve the com ponents o f the m ed ium  in 1 litre o f distilled water 
{6.7). Heat to  boiJmg point until all com ponents are com plete ly d issolved. Add 10 ml 
o f a 1 per cent so lution o f rosalie acid  (6.1.2) keep boiling fo r m ore than one  minute, 
then cool. The final medium shou ld  have a  pH o f 7.4 ± 0 .1 ;  adjust pH, if necessary, 
w ith diluted analytical grade HCI. Cool Jo abou t 45° C and pour 4-5 m l into each Petri 
dish. A fter the agar nas solidified in tne Petri dishes, invert the Petri dishes and store 
them  in the refrigerator. The dishes w ith  prepared m edium  can be kept in a refrigerator 
for 7 days.

N o te : The addition o f rosalie acid  is facultative and  shou ld  only de  added, 11 
necessary, to suppress excessive grow tn  o f nom faeca! coliforms.

N o te : Do not autoclavo the m edium .

N o te : The agar surface should net becom e too  dry because if the agar is dry 
the MF will not adhere well to  the agar surface (8.5) and hinder the 
diffusion o f nutrients to  the colonies on the MF.

6 .1 .2  R o sa lie  a c id

Prepare a  sufficient am ount of 1% solution o f rosalie acid  in 0 .2 N NaOH.

N o te : Solution o f rosalie ac ic  shou ld  be prepared freshly each time. It 
shou ld  not be autociaved.

6 .2  M a c C o n k e y  B ro th

6 .2 .1  M e d iu m

Sodium  faurochofato 5.0 g
i f i n n
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NaCi 5 .0 Q
Peptcne 20.0 g
D istilled w ater <6.7) i  0 lime

Preparation: Dissolve com ponents by shaking. Adjust pH to 7.1 *  0.1 with 
diluted HOI and  then aod the brom o*cresol purple solution (6.2.2). A dd  inverted vials 
(5.21) to  clean culture tubes (5.18, 8.1) and d ispense sufficient m edium  into the culture 
tubes so tha t the inverted vials are a t least partia lly covered after the entrapped a ir in 
these vials has been driven o u t during autoclavrng and  close the tubes w ith  cotton 
plugs. Autoclave (5.S) the c losed culture tubes a t 121° C  fo r f  C minutes.

6 .2 .2  B ro m o -c re s o i p u rp le  s o lu t io n

Preparation: Dissolve 1 g o f b rom o-creso l purple in 99  m l o f 95% ethanol.

6 .3  B r i l l ia n t  G re en  B ile  B ro th

Oxgall, dehydrated 20.0 g
Lactose 10.0 g
Peptone 10.0 g
Brilliant green T3.3 m g
Distilled water (6.7) 1.0 litre

Preparation: Dissolve com ponents by shaking. A dd  inverted vials (5.21) to 
clean cu lture  tubes (5 .18.6.1) and dispense sufficient m edium  in to  the cuiture tubes so 
tnat the inverted vials are at ¡east partially covered after the entrapped a ir in these vials 
has been driven c u t during autociaving a n c  close the tubes with co tton  p lugs. Sterilize 
by autoclavrng (5.9) a t 12 !° C. preferably fo r 12 m inutes, but n o t exceeding 15 minutes. 
After sterilization, coe i the broth as qu'Ckfy as possib le . Final pH shou ld  bo 7 .2 s  0.2. 
Test the sam ples o f the fin ished product fo r perform ance using contro l s lock cultures 
( 6 . 1 0 ) .

6 .4  In d o le  T e s t S o lu t io n s

6 .4 .1  T ry p to n e  w a te r

Try p ione  10.0 g
NaCi 5 .0 g
Distilled water (6.7) i  .0 litre

Preparation- Dissolve ingredients in d is tilled  w ater (6.7). D ispense 5 ml into 
each test tube (5.18) and autoclave (5.9) a t 121e C fo r 15 m inutes. The pH shou ld  be 
7.C - 7.4. i ‘  necessary ad just w ith diluted NaOH before sterilization.

6 .4 .2  K c v a c 's  in d o le  re a g e n t

P ae adim etoyl -amwxi-oanzaldehy de 
Am yl a lcohol
Concentra ted hydroch loric acid, HCl

5.0 g
75.0 mi
25.0 ml
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Preparation: Dissolve the bonzaidenydo in amyl a lcohol and add hydrochloric 
acid. The reagent shou ld  be yellow.

6 .5  P h o s p h a te  B u ffe r (pH = 7.25

KgHPO^ 3.0 g
KH2P 0 4 1.0 g
Distilled w ater (6.7) 1.0 litre

6 .5 .1  P -b u ffe r fo r  f i lt ra t io n

Preparation: Dissolve com ponents ana  autoclave (5 5 ) a t 121° C  fo r 15 m in.

6 .5 .2  R -b u ffe r fo r  d ilu t io n s

Preparation; Dissolve com ponents and  dispense 9  ml In test tubes used for 
d ilutions in  the  d ilu tion  teclee {8 <x] and autoclave (5.9) a t 121° C  to r 15 mín.

6 .6  T h io s u lp h a te  S o lu t io n

10 per cent sodium  thiosulphate so lution in d istilled w ater (6.7) and sterilize by 
tiltration \e.g. through a steiriized MF (6.2.4, 8.2.5)).

6 .7  D is t ilte d  W a te r

Use on ly  water distilled in all-gisss o r  all-quartz distillation apparatus. De- 
i onceo  water is aiso acceptable rf p rocuced  in  apparatus n o t releasing toxic 
substances.

N o te : C om m ercia l!/ available cisM ied water is often p roduced in copper and 
zinc apparatus and is highly toxic to r coliform s. Before using such w ater Its toxicity
snou ld  be checked with a stock culture o f £  co li (6 .10).

6 .8  D e te rg e n te  fo r  C le a n in g  G la s s w a re  a n d  A p p a ra tu s

Use only detergents recom m ended by the supplier for bacterio logical use. If 
such a detergen t is not available, check norm al househo ld  detergents w ith  a  biotest 
using a stock culture o f £  c o li (6.105.

N o te : Never use tox ic  chrom ic-su lphuric  acid m ixture fo r cleaning glassware.

6 .9  9 5  p e r c e n t E th a n o l p e r A n a ly s is .

6 .1 0  S to c k  C u ltu re  o f E. c o l i .

7. S A M P LIN G

Details o f a sam pling pían are provided in Part I o f these guidelines.
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7.1 S a m p lin g  o f  S u r fa c e  W a te r

Attach clean sterilized sam ple bottle  (8.2.1) to  the clean sam pling rod (5.2). 
im m ediate ly before subm erging the sam ple bottle, rem ove the ground g lass stopper 
from  the  bottle w ithout touching the s topper eone. Im m erse the bottfe from  the  b ow  of 
the b oa t o r from  the  w indward side while the boa t is m oving forward slowly. Push the 
bottle  w ith  the sam pling rod 25 cm  under the water surface w ith  the  m outh o f the bottle 
downwards, in o rder to  avoid contam ination oy surface film , then turn the  sam ple bottle  
upw ards and take the sam ple (figure 1). The sterilized sam ple bottle  m ay a lso  be filled 
directly b y  hand.

Retrieve the bottle  and discard som e water, if necessary, so that som e air 
space rem ains In the d o se d  bottle . This space is needed for hom ogenizing the water 
sam ple at the receiving laboratory. Replace the g lass stopper and  store the samples 
in the  clean therm oisola ted box (5.4) w ith  coo ling  pads at abou t 4° C . Keep samples 
in the d a rk  avoiding exposure to  m ore than  +10° C . Separate bottles from  each other 
w ith clean w rapping paper (5.23) to  avoid breakage. Check the  tem perature w ith  a 
therm om eter (5.5) every three hours. Report irregularities in the test report. Lábef 
sam ple bottles indicating the sam pling station, tim e  o f sam pling and  o ther factors 
relevant to  the interpretation o f the results.

7 .2  S a m p lin g  o f  S u b s u rfa c e  W a te r

Low er the sterilized subsurface sam p ler (8.2.2) after attaching it to  a  clean 
plastic rope, w ithout lotting the w eight d isturb the bottom  sedim ents (figure 2). Release 
the m essenger and after one m inute retrieve the sam pler and store it in  a 
therm oisolated b o x  (5.4). Proceed as fo r sam pling o f surface water (7.1).

N o te : it is known tha t the die-away rate o f coliform s at am bient temperature 
in the presence o f light is very h igh. Therefore, all efforts shou ld  be 
m ade so as n o t to  co llect m ore  sam ples than can be filtered and 
incubated the sam e day. If this is n o t possib le , the samples should 
be stored a t 4 ° C  and analyzed not later than  24 hours after sam pling.

The w ater sam ple represents the test solution.

8 . T E S T  P R O C E D U R E

8 .1  W ash in g  o f  G lassw are  and E q u ip m en t

All g lassware and apparatus (5) shou ld  be w ashed w jth  non-toxic detergent 
(5.8), firs t rinsed thorough ly  w ith h o t tap w ater and then rinsed a t least three tim es with 
distilled w ater (S.7).

8 .2  S te r i l iz a t io n  o f  G ta ssw a re  a n d  E q u ip m e n t

8 .2 .1  Surface sam ple bottles (5.1). C lean the sam ple bottle  as described 
under 8.1. Dry and sterilize it in a  drying oven (5.10) fo r three hours at 160° C. Before 
sterilization, p lace a sm all p iece o f filter paper (5.27) in the neck o f the bottle  to  prevent 
the g round  g lass stopper from  sticking after coo ling . After cooling to  am bient
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and fit the gro und g lass stopper securely into the neck o f the bottle . Put the bottles into 
detergent-cleaned therm oisolated boxes (5,4). Seoaratc the bottles from each other 
w ith clean w rapping paper (5.23) to  avoid breakage.

N o te: if residual chlorine is suspected in tne w ater sam ple, add, aseptlcally,
O.t m l o t a  tO per ce n t th iosu lphate cctu tlon  (6.6) fo r each 100 ml 
sam ple to  the contents o f the sam ple bottia  before sterilization. This 
am ount j $  sufficient to  neutralize abou t 15 m g o f residual ch lorine per 
litre.

8 .2 .2  Subsurface sam pler (5.3). Clean the subsurface sam pler as described 
under (8.1), rinse w ith  tap and distilled water (6.7). Enclose each sam pler in heavy 
w rapping paper (5.23) or alum inium foil (5.24) and sterilize in an  autoclave (5.9) fo r 15 
m inutes a t 121° C.

8 .2 .3  Petri dishes (5.15) and p ipettes (5.19). Clean dishes and pipettes, 
com plete w ith  a co tton  plug in the m outhp 'ece, are p u t into suitable stainless steel 
containers and sterilized in a dfymg even (5.10) fo r three hours a t 160° C.

N o te: Disposable pre*stenlized p lastic Petri d ishes m ay be m ore econom ical 
to  use than reusable g lass Petri dishes.

8 .2 .4  Filter funnels o f filtration apparatus (5.6). Loosen the filter-holding 
assembly slightly and w rap the whole filter funnel in heavy w rapping paper (5.23) or 
a lum inium  foil (5.24), Sterilize in an autoclave (5.9) fo r 15 m inutes at 121° C, o r in  a 
drying oven (5.1C) fo r 3 hours at 16C° C.

8 .2 .5  Membrane Filters (MF) <5.25). Remove the paper separator (if present) 
and place 10 to  12 clean MFs into Petri d ishes (5.16). Autoclave <5.9) for 15 m jnutes 
at 121° C. At the end o f the sterilization tot the steam escape rapidly in o rder to 
m inim ize the accum ulation o f condensato on the MFs.

N ote: Sterilized MFs am com m ercia lly available.

8 .2 .6  Forceps (5.12). Stenii?© forceps by dipping them  into 95 per cent 
ethanol (6.9) and flam ing thorn.

8 .3  S e lec tion  o f S am p le  Sí¿c an d  D ilution S eries

The MFs snould ideally have Iro n  20 lo  80 colonies after incubation. If
previous experience for planning the d ilu tion senes fo r e'ean seawater ;s not available, 
filter the follow ing volum es o f the orig inal sam pie: 100 m:, 10 m l, 1 m i and 0.1 mi 
(figure 3). For contam inated waters the d ilutions have to  be greater.

8 .4  P reparation  o f th e  D ilution S e rie s

Before taking aliquots from  the ong nal sample o r from the d ilu tions these must 
be  vigorously shaken in  o ir.e r to  guar antee tha t reprcscntatwe a liquots are taken.
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P * b u ffe r T e s t  s a m p le 0-0

1

2 0  m l e a c h  
( 3  l im e s )

1 m l*

D  2

D -1

1 m l 1 0  m l 1 0 0  m l

1 m l

t  m l

7
0 . 0 1  m i 0 . 1  m i 1 m l 1 0  m l

r.f  o r ig in a l s a m p le  o n  M F

1 0 0  m l

Figure 3. Preparation of d ilution series and  filtration procedure.

Prepare  the dilution series by taking w ith  a  sterilized pipette (8.2.3), after 
vigorously shaking the sam ple (7), I ml iro m  the orig inal sam ple (figure 3, dilution: 0-0) 
and transfer th is  1 m l into a culture tube conta in ing  9 ml o f P-buffer (6.5.2) to  make the 
first d ilution (D-1). Agitate the tube cn  a m ixer (5.15) o r shake it v igorously by hand. 
Continue the preparation o f the dilution senes by tak ing  1 ml from  the firs t dilution (DO) 
and m ixing il in  a new  culture tube conta in ing 9 m l o í phosphate buffer (6.5.2) in order 
to obta in the second dilution (0 *2 ), etc.

8 .5  F ilt ra t io n  P ro c e d u re

Beqm futratron with the highest d ilution (e.g. D*2) in order to  avoid contam ination 
from sam pies contain ing bacteria in n igher concentrations. Use a sterilized filtration 
funnel (8.2.4) fo r each d ilu tion series. Place the sterilized MF (8.2.5) w ith  flamed 
sterilized forceps (8.2.5) over the porous plate o f the filtration apparatus (3.2.4). 
Carefully place the matching funnel unit over the receptacle and lock it in  place. Add 
into the funnel abou t 20  m l o f suffer so lution (6.5.1). W ith a sterilized pipette (8.2.3) and 
1 ml o f the D-2 d ilu tion into the buffer so lu tion  in the funnel. F ilter w ith a partial vacuum. 
Wash the funnel walls w ith approxim ately 20 m l o f buffe r so lution (6.5 1).
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Fitter w ith e partial vacuum . Wash the funnel walls tw o  m ore tim es w ith  20  m ( o f buffer 
so lution Í6 .5 .1 ). U n lock and remove the funnel, im m ediately remove the MF with flamed 
steniized forceps (6.2.6) and place the MF cn  the agar surface o f the m ecium  contained
in the Petrj dish (6.1.7) with a ro lling m otion  to  avc id  the entrapm ent o f air. Before
filtering tne next d ilu tion (D-1) in  the same manner, pass 20 ml o f buffer solution (6.5.7) 
through the assem bled filtration unit.

8 .6  In c u b a t io n

The Petri d ishes contain ing the MFs on agar (8.5) are sealed and im m ediately 
p laced horizonta lly inside clean metai boxes. These m etal boxes are then p laced in a 
water bath (5.7) and  incubatea im m ediately fo r 24 hours at 44.5 ±  0.2° C. A s a sterility 
cneck, incubate a lso  one b lank {w ithout MF), i.e. a Petri d ish  conta in ing agar (6.1.1) 
only.

N o te : Meta) boxes m ust be suitably weighted to  prevent them  from  floating.

8 .7  in te rp re ta t io n

Count w ith a sioreom tcroscope o r sim ilar (5.8) only co lonies w h ich  appear as 
blue coloured. If the num ber o f dubious colonies is greater than 10 per cent o f the total 
num ber o f co lonies, test dubious colonies either by M acConkey bro th  te s t (8.9.1) or 
brilliant green bile broth test (8.9.2).

in  areas where industries discharge pofysaccharites (paper mills, sugar best 
industries, etc.), further confirm ation by the indole test m ay be necessary (8.9.3).

N o te : Colonies produced by faecal cofiform  bacteria are blue in colour. The 
non*1aoca) coi fo rm  colonies are grey to  ere am-cotoured. Background 
co lours on the m em brane filter will vary from  a yellow ish cream to  a 
faint blue, depending on the age c f the rosalie acid salt reagent 
Normally, onry few norvfaecal conform colonies will be observed on m- 
FC agar because o í the selective action o f the elevated temperature 
and addition o f the rosalie acid  salt reagent,

8 .8  E s tim a tio n  o f  P re c is io n

Chock the precision c f the technique a t period ic intervals (at least once every 
season) by preparing three independent series o f d ilutions (8.4) using the same sample,
i.e. repeating the fou r last consecutive e lu tion  steps described under 8.3 and 8.,4 
(figure 3). The water sam ple used should be co llected during the routine m onitoring 
program m e a t a  coasta l stagon typica) p i the  area. The d ilu tion series shou ld  be 
selected in such a w ay so that one dilution step yields three M F counts which satisfy 
the 20 to  200 colonies requirements expressed in section 9,1.

Filter each individual d ilution Jollow.ng procedure 8,5. incubata according to 
procedure 6.6. Report MF counts fo llow ing the p rocedure  described m sections 9.1 and
9.2 taking into consideration interpretation m ethod o f section 8.7. Results should be 
reported in the test report (table 2, item  9),
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Calculate the faecal conform concentrations o f the orig inal sam ple fo r each o f 
the replicate results, according to  section 9 .3 and report the results in  the test report 
(lao i e 2 , item  10).

For each dilution step having the three MF counts between 20 and  200 faecal 
co liform  co lonies, calculate: the mean concentra tion , the concentration range, the 
standard deviation o f the concentrations, and the coeffic ient o f variation o f the 
concentrations, and record them  in the test report (table 2 , item  11).

If the sam ple does n o t y e ld  a t least 20  co lon ies per m em brane filter in  one 
d ilu tion, prepare a  test so lution from  a stock culture (6.10) and  repeat the estimation of 
precision.

NOTE: Coefficient o f variation (%) » standard deviation x  JQQ
mean

8 .9  C o n firm ato ry  Test

8 .9 .1  M acConkey broth test: W ith a  flam ed bacterio logical loo p  (5.22) 
transfer the suspected co lony from  me MF in to  a cu lture  tube conta in ing MacConkey 
broth (6.2.1) and incubate (5.28) at ¿4,5 ±  0 .2ü C fo r 24 hours. Coliform s wilt develop 
gas w h ich  is trapped in the inverted Durham  tubes, and acid  w h ich  turns the vioieWike 
co lou r o f the orig inal broth into a yellow ish colour.

8 .9 .2  Brilliant green bile brotn test: W ith a  flamed bacterio logical loo p  (5.22) 
transfer the suspected co lony from  the M F into a culture tube contain ing brilliant green 
bile b ro th  (6.3) and incubate (5.28) at 44 5 ± 0.2° C  for 24 hours. C oliform s w ill develop 
gas w h ich  is trapped in the inverted Durham  vials.

N o te : The MacConkey broth test is  equivalent to  the brilliant green bile broth 
test. Either can bo used fo r confirm ation.

8 .9 .3  indo le  test: W ith a flam ed bacterio logica l loop (5.22) transfer the 
suspected co lony into culture tubes conta in ing tryp tone  water (6.4.1) and  incubate at
44,5 ±  0 .2 " C  in a  water bath (5.23) fa r 24 hours. Then add  C.2 - 0.3 ml of Kovac’s 
indole reagent (6.4.2) and shake. Let the tub e  stand for about 10 m inutes and observe 
the results.

A  dark roc co lour in t  ne amyl a iconol surface layer constitu tes a  positive indole 
tost; the orig inal co lour of the reagent, a negativo test. An orange colour probably 
indicates the presence o f skatoie and m ay be reported as a  positive reaction.

9 . E X P R E S S IO N  O F  R E S U LTS

9.1 Report Ihc  num ber o f co liform  co lon ies  on ind ividual MFs after the incubation
has been com ple ted  and adjust this coun t after the confirm atory tests, if necessary, 
have been m ace. Use only MFs with a total num ber o f co lon ies (i.e. coliform s p lus non*
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coliforms) between 20 and 200. Retain only îw o  significant d ig its o f the  counted 
num ber o f co liform  colonies per filter

Indicate the results obtained for each filter separately in ih e  test report (table 
1, item  9).

9 .2  Express the results m terms o f faecal conform s per 100 ml o f sam ple, using the 
following equation:

faecal california per 100 ml sam pie = adjusted num ber o f co liform  colonies x  10Q
m i o f sam pie filtered

indicate the results obta ined fo r each d ilu to n  separately in the test report (table 
T, item 10). Report aiso the results obta ined  on MFs with loss than 20 co liform  colonies 
per filter, if thore aro no coliform  co io de s  on the filter report the results as " < 1 coliform  
per 100 ml".

9 .3  C om pute  the n um be ro f faecal co lifo rm spe r 100 m l sam ple and report It as the 
final test result (table 1, item  11), if there are MFs conta in ing  between 20 and 200 
characteristic co lonies in tw o  consecutive d.lutions ca lcu late  the m ean o f these dilutions 
and report it as final test result.

9 .4  Record in the test report (table 1. item  12) anom alies observed in lest 
procedure (confluent growth o f colonies, deviation from  tem perature prescribed for 
sample storage and incubation, etc.).
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Table 1. Faecal co lifo rm s in seawater samples.

1 S a m p lin g  a re a  2. S a m p lin g  p o in t c o d e  nu m b e r;
1 c o u n try : _  (S ta t io n ) lo n g itu d e :

area : la titu d e :

3 . T im e  o t  s a m p lin g  hour: day : m o n th : vean

4  S a m p lin g  a n d  e n v iro n m e n t c o n d itio n s  
S a m p 'in g  d e p th : C o n ta in e r nu m b e r:
T e m p é ra tu re  a t s a m p lin g  c e p th :
S a lin ity  a t s a m p lin g  d e p th : D u ra tio n  o t  s to rage :

(o th e r fa c to rs  w h ich  m a y  in flu e n c e  th e  re s u lts  s h o u ld  be  re p o n e d  u n d e r  12 }

5 T im e  o f  filtra tion h o u r: day: ¡ ____¡

5 . S ta n  o f  in cu b a tio n h o u r: day : / ___ /
7. E n d  o f  in cu b a tio n ho u t day : ___ / ___ / ____
8 . C o n firm a to ry  test M acC on ke v : Oni lia n t g reen. In d o le  tes t:

9  N u m b e r o f  c o lo n ie s  p e r in d iv id u a l filter to .  C o lo n ie s  o f  F. c o h fo rm s /1 0 0  m l

m l o f  o rig ina l F ae ca l c o lifo 'm s D ilu tio n s  « o f . /100  m i
D ilu tio n s a m p le  filte red co lo n ie s

D-0 100
0 -0 to
D-0 i
D-1 3.1 11. T e s t resu lt
D-2 0.01
D-3 0-031
D-4 0.C001 F. c o lifo rm is /100  mí

12. A n o m a lie s  o b s e rv e d  in th e  te s t p ro c e d u re

12 Full a d d re ss  o f  th «  in s titu tio n  w in c h  1 i  N a m e ts ) a n d  s ig n a tu re s )  o t  th e
c a rr ie d  o u t th e  ana lys is : p a ra o n is ) w h o  ea rned  o u t th e  ana lys is



Table 2. Precisian sstim a iion  for faecal coliform s determ ination.

1. S a m p lin g  a rc a  2 S a m p lin g  p o n i' c o d e  n u m b e r
c o u n tr y  (s ta tio n ) lo n g itu d e :
a re a ; la titude:

3 . T im e  o f  s a m p lin g  hour: dayt m o n th : veah

4. S a m p lin g  a n d  e n v iro n m e n t c o n d it io n s  
S a m p lin g  d e p th : C o n ta in e r nu m b e r.
T e m p e ra tu re  a t s a m p lin g  dep th*
S a lin ity  ar s a m p lin g  d e p th : D u ra tio n  o f  sroraoe:

(o th e r  fa c to rs  whsch m a y  in flu e n ce  th e  resu lts  s h o u ld  De re p o rte d  u n d e r  12)

5 . T im e  o f  f it ra t lo n hour. d a y ;___ / ___ / ___
6 , S ta rr o f  in c u b a tio n hour: d a y : /  __/
7 £ n d  o f  in c u b a tio n n o u i: < *a y :___ / ___ / ___
9. C o n firm a to ry  test M a c C o n k e y B rillia n t p re e n : In d a le  tssc

9 . N u m b e r c f  c o lo n ie s  p e r .no iv ioua. filter 10. C o lo n ie s  o f  F  c a ( i» o rm s /l0 0  m l

m l o f  o r ig in a l F . c o lifo rm s  c o lo n ie s D ilu tio n s  COI./100 m l
D ilu tio n  sa m p le  filte re d  reouca

ts t  2 n d  3rd

11. R esu lts  (F. c o h fo rm s /1 0 0  m l)
m ean . rana«:

----------------  --------------------- ------------------------------------— — •
s td .d e v : co e f.va r.r %

12. A n o m a lie s  o b s e rv e d  rn th e  te s t p ro ce d u re

13, Full a d d re s s  o t  th e  in s titu tio n  wm cn 
ea rned  c u t  th e  ana lys is :

14 N a m e{s ) a rid  s ig n a tu re s )  o f th e
pe rso n {$ ) w h o  e a rn e d  o u t th e  ana lys is '



te

11. R E FE R E N C E S

APHA (1981) S tandard m ethods fo r the exam ination o f water and waste water. 
Am erican Public HeaJth Association, W ashington D.C. (15th edition).

U N EP/W HO  (1985) Determ ination o f faecal co lifo rm s in seawater by the multiple-tube 
(MPN) test. Reference M ethods fo r Marine Pollution Studies, No. 22 UNEP, 
Geneva.

JN E P /W H O  (1988) Guidelines fo r m onitoring the quality o f coastal recreational and 
shellfish-crow ing waters. Reference M ethods for Marine Pollution S tudies No. 
1, UNEP, Geneva.

W H O /U N EP (1983) M ethods for m onitoring selected pollu tants in sewage effluents and 
coastal recreational water Report on a W H O /U N EP jo in t m eeting. Romo 24-26 
November 1982. Docum ent JC P /R C E 211(2), W H O  regional office for Europe, 
Copenhagen.



Issued bv

Occa 11$ and Coastal Arcas Programme A c tiv ity  Centre 
U n ited  N ations E nvironm ent Programme

A d d itio n a l copies o f  tlu s  publication 
can 1«  olxanted from.

Oceans and Coasta) Areas Programme A c tiv ity  Centre 
United Nations E nvironm ent Programme 

P.O. H ox «» .S / 
Nairobi 

K E N Y A

o r fio tn :

M a rin e  E nvironm enta l Studies la b o ra to ry  
In te rna tiona l A to m ic  Energy Agency 

M a m ie  E n v iro iiit ic n t Laboratory 
B .P . No. 800 * M C  y 8012 

M O N A C O  C E D E X


