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FOREWORD

Within the framework of the Mediterraneéan Action Plan adapted by countries of the
Mediterranean basin at Barcelonma in February 1975, and in accordance with Arxticle 10 of the
Convention for the Protection of the Mediterrsnean Ses against Pollution, the Contracting Parties
are currently establishing a system for pollution menitoring in the region, in close cooperatien
with the international agencies concerned.

The pilot phase of the joint ¢oordinated Mediterranean pollutien monitering and research
programme {(MED POL 1), carried out from 1976 ce 1981, was aimed ac providing & framewerk and the
necessary knowledge for & mouitoring system of this nature. During that time, activities were
undertaken by the United Nations Enviromment Programme (UNEP), in clese ¢opoperatiou with the World
Health Organization (WHO), in order to develop standard methods for sampling and bacteriological
analysis. These methods were developed through a preject om cosstal water quality contrel in the
Mediterranean (MED POL VII), which was jointly coordinated by WHO and UNEP and aimed wainly at
studying bactericlogical and related parameters for momitoring of coastal recrestional waters as
wall as shellfizh-growing areas.

Under the long-term programme for polluticn monitoring and research in the Mediterranean
{(MED POL II)}, covering the pericd 1981-19%0, and in accordance with the relevant articles of the
Convention and its related protocols, most Mediterranean countries have already submitted national
monitoring programmes or are in the process of finalizing them.

For comparison of the results and quality control of the analyses at bhoth the patisnal and the
regicnal level, a series of intercalibration exerecisss is being conducted in the countries
concerned. The exercises are directed to the laboratories of the host country which are
participating in the monitoring programe, and to a few laborateries in other countries, with the
aim of ensuring continuity of organization and participation.

Several reference methods for sampling and snalysis of coastsl recreational waters zs well as
shellfish-growing areas have been prepared for use by the Mediterranesn countries as a common
wethodology for implementation of the national menitoring programmes. These metheds, which form
part of a complete series, have been or are being formulated by the UNEP Regional Seas FProgrsmme 1n
colleboration with the specialized agencies of the United Nations and are designed to cover all the
possible parsmeters set out in the annexes to the Convention and its related protocols; they are
glso intended for use in veglons other than the Mediterranean.

The methods relating to bacteriological paramefers were reviewed at the WHO/UNEP joint
intercalibration exercisze and consultation meeting on methods for menitoring selected pollutants in
sewage effluents and coastal recreational waters (Rome, 22-26 November 1982).

The present intercalibration exercise was organized by WHO and UNEP in conjunction with che
Escola Técnica Superior d'Enginyers de Camins, Canals i Ports de Barcelona, within trhe framework of
phase LI of MED POL, and as part of the Spanish wonitoring programme. The main purpese of the
exercise was to enable the participants to make determinatioms of bacterislegical parameters in
identical samples of seawater, using the following recommended metheods, as finalized after the
meeting in Rome:

~ determimation of total coliforms in seawater by the membrane filtration culture methed
{(Reference Methods for Marine Pollution Studies No. 2/Rev. 1, UNEP/WHO);

datermination af faecal coliforms in seawater by the membrane filtratiem culture method
{Reference Metheds for Marine Pollution Studies No. 3/Rev., 1, UNEP/WHO);

determination of faecal streptococei in seawater by the membrane filtratien culture method
(Refarence Mathods for Marinme Pellution Studies No. 4/Rav. 1, UNER/WHOD).

Further cbiectives of the consultarion meeting were:

to review the tresults of the previous consultation (Rome, 22-26 November 1982);

to review the results of the intercalibration exercise in order to identify the techmical
problems with regard to both methedology and quality comtrol;

to draw up recommendations for performance of future intercalibration exercises in the series;
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to study draft guidelines for statistical analysis snd evaluation of results of
microbiclogical monitering;

to draw up recommendations concerning the long-term monitoring and research programme.

Rapresentatives of the Spanish institutes participating in the micrebielogical aspects of the
monitoring component of MED POL II and other national monitoring programmes were invited to take
part in the intercalibration exercise and consultation meeting, as well as representatives of
institutes in other Mediterranean countries that are invelved inm MED POL 11 (Algeria, France,
Mongco, Morroco and Tunisia). To facilitate subsequent applicatiom of the reference methods in
other regions, reprasentatives from two non-Mediterranean countries were invited to take part in
the exercise and the comsultation meeting, i.e. from Senegal and the Ivery Coast, both of which are
participating im the action plan for West Afriea.

Tm addition, the following organizarions amd institutions were invited to send
reprasentatives: the Food and Agriculture Organization of the United Nations (FaD), the
fnter-Covernmental Oceanographic Commission {(IQC), the United Nations Educatiocnel, Scientific and
Cultural Organization (UNESCO), the World Meteorological Organization (WMO), and the International
Atomic Energy Agency (TARC).

1. Opening of the meating

The consultatiom meeting and intercalibration exercise were organized by the Escola Tienica
Superior d'Enginyers de Camins, Canals i Ports, in Barcelena from 7 to 1l November 1983, They ware
attended by 28 temporary advisers from Spanish institutes, other Maditerranean countries and West
Africa, UNEP and the WHO Regional Office for Europe aach sent a staff member, The list of
participants appears in Annex 6.

Dr L.J. Saliba, WHO Senior Scientist, Mediterranean Actien Plan, WHO Regional Qffice for
Europe, opened the meeting on behalf of Dr Leoc A. Kaprio, WHO Regional Director for Europe. He
briefly reviewed the activities carried out under MED POL which had led to the present exercise,
within the context of the Mediterranean Action Plan. He comveyed WHO's appreciation for the work
done and premises furnished by the Escola Tecnica Superior d'Enginyers de Camina, Canals 1 Ports,
as wall as the assistance of the Universitat Politdcnica de Barcelona, the Departament de Sanitat 1
Seguretat Sccial de la Gemerzlitat de Catalunya, and the Comlssio interdepartemental per le Recerca
i Innovacio tecnologica. He considered it particularly appropriate that the first exercise in the
series was being held in Barcelona, the very city where the intergovernmental meeting in 1975 had
adopted the Mediterramean Action Plan, as well as the Counference of Flenipotentiaries which had
adopted the Convention for the Praotection of the Mediterranean Sea agaimst Pollutionm.

Dr G. Ferraté, Recteor of the Universitat Polit2e¢nica de Barcelona, welcomed the participants
and stressed the interest taken by the umiversity in the intercalibration exercise and the
consultationm mesting. He, too, expressed appreciation of the effort made by the Escola Téenica
Superior d'Enginyers de Camins, Canals i Ports, in arranging the meéeting and said that the premises
being built for the new school would be available for hosting other weetings convened by WHO and
UNEP.

Dr E. Ofiate, Director of the Eacola Ticnica Superior d'Enginyers de Camins, Canals i Ports,
said that the facilitieas of the school were at the full disposal of the participanta and wished
them a successful intercalibration exercise and consultation meeting.

Dr F.S5. Civili, UNEP Maripe Scientist, Coerdimation Unit of the Mediterranean Actiocm Plan,
then addressed the meeting. He recalled that rhe consultation was taking place within the
framework of MED POL II, under the coordination of UNEP and with the collaboration of the
international agencies concerned, especially WHO with regard to the health aspecta of MED FOL.
More specifically, the consultatiom was part of the continuous mounitoring component of MED POL,
The majority of governments had already submitted natiomal monitoring programmes. Raference
methods were now being developed for all the mandatory parvametars, and intercalibration exercises
would be organized every year to guarantes the quality of data collected by participating
laboratories. The prasence of investigators from other regions was evidence of the effort UNEP was
making to standardize rhe analytical methods for all those taking part in the UNEP Regional Seas
Programme. Thanks were due to the Spanish scientific community for its very active participation
in the meeting, as well as rhe scientific bodies at both university and government level in
Barcelona that had made every poasible affort to ensure the success of the work.

Dr R. Mujeriege, Direetar of the Departamento de Ingeneria Sanitaria y Ambiental of the Eszcola
Tecnica Superior d'Enginyers de Camins, Canals i1 Ports, thanked WHO and UNEP for their confidence
in his department for organizing the intercalibration exercise and consultation meefing. Thanks




ICP/RCE 211(3)
8715L
page 3

were also due to the Universitat Polit®cnica de Barcelona, the Departament de Sanitat 1 Seguretat
Sociml de la Generalitat de Catalunya and the Comissio interdepartemental per la Racerea i
Innovacic tecnologica for their support in the organization of the meeting.

2. Scope and purpose

Dr Saliba deseribed the scope and purpose of the exercise and the meeting. He referred to the
role of the WHO Regional Office for Europe in relation to MED POL II and to the collazboration by
the WHO Regional Office for the Eastern Madirerranean in the programme. In that respect, the
present exercise should not be regarded as an isolated activity but rather as the first in a series
forming part of a long-term programme. The purpose of the exercise 1y not only to coupare
scientific tesults, but algo to bring investigators together in order to facilitate c¢ellaboration
and improve contacts for the futyre. He noted that the WHO/EURD project office in Athens, located
in the Coordinating Unit for the Mediterranean Action Plan, was always at the disposal of
Mediterranean laborateories who mipght need assiastance or advice in coonection with the programme.
Moregver, the project office in Athens enjoyed the full support of the WHO Regional Office for
Europe, and where applicable the Regional QOffice for the Eastern Mediterrvanean in Alexandria, and
could serve as sn intermediary whenever necessary without detriment te the direct links that
already existed between governments and those offices.

Dr Mujeriege then gave details of the organization of the intercalibration exercise which
would be held at the laboratory during the week and distributed a sumary of instructioms for
performance of the exercise, based on the relevant UNEP/WHO bactariological reference methods.
These instructions are reproduced in Annex 1.

3. Election of officars

Dr Mujeriego was elected Chairman, Professor S. Jekov Vice-Chairman and Mr 5. Grané Terradas
and Dr P, Bernard Co-Rapporteurs. Dr Saliba acted as Secretary.

4, Adoption of the agenda

The provisional agenda was adopted wnanimously.

5. Review of previous intercalibration resulrs (Rome, November 1982)

The final version of the report of the lntercalibration exercise held in Rome from 22 to
26 November 1982 was distributed ro the participants.

The data assembled during the exercise had been analysed using the same method as that
proposed for interpreting the results of the current exercise in Barcelona. The analysis was
presented in the form of 2 working document (Annex 2Z). The Chairman drew the meeting's attentiom
to a number of changes agreed upon at the previous consultation meeting, namely:
the use of two significant digits ounly in the finsl presentatioun of the basterial counts;
the use of m~Endo gel in place of pads and m~FC broth for the determination of roral coliferms.
He also called for the promotiecn of:

studies on indicator microbes of the marine pollution (investigarien of rheir survival in the
sea would alaso be desirable);

studies on parameters and factors that might invalidate bacteriological vesults in wmaking
counts.

The participants commented on the following points:

interpratation of results obtained with the membrane filtration culture methed;

the strategy and methodology of sampling;

selective media recommended by the reference wethods for determination of bacterial indicators
of marine pellution, proposed under MED POL IX.
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6. Review of interim guidelines for statistical analysis and eveluation of results of
microbiological monitoring

The document entitled "Evaluation and interpretation of data from microbiclogical menitoring
of coastal recreational waters and shellfish-growing areas'" was presented (Annex 3). The
statistical basis for the method was studied, as well as its advantages and limitations in ralation
to the current methods.

The participants agreed to study the document in detail and submit their comments to the
Secretariat. It was noted that full account would be taken of the comments in developing the
decument for the publication of an interim reference method under MED POL II.

7. Review of previous intercalibration results {(Catalouis, summer 1983)

An intercalibration exercise organized by the Departamento de Ingeneria Sanitariz y Ambiental,
in eollaboration with the Departament de Sanitat et Securitat Social de la Genmeralitat de
Catalunya, was held in Catalonia in the summer of 1983.

The results of the exercise performed on microbial parameters by 13 laborateries in Catalonia
over a period of 10 weeks were statistically analysed and presanted to the mesting (Annex 4).
Reference was made to a report entitled "La calidad de las aquas litorales", issued in July 1983 by
the Departament de Sanitat et Securitat Social, and its contents were briefly summarized.

8. Conduct and results of the intercalibration exercise

The work done during the intercalibrztion exercise in the laboratory was regularly reviewed.
Beven groups of three participants carried out determinations of total coliforms, faecal coliforms

and faecal streptococci in nine different seawater samples, in the course of three consecutive
sessiona.

The bactericlogical analyses were performed using the following reference methods for marine
poellution astudies:

- determination of total coliforms in seawater by the membrape filtration culture method
(Reference Methods for Marine Pollution Studies No, 2/Rev, 1, UNEP/WHO);

= determination of faecal coliforms in seawater by the membrane filtration culture method
(Reference Mathods for Marine Pollution Studiea No. 3/Rev. 1, UNEP/WHO):

= determination af faecal streptacocei in seawater by the membrane filtration culture method
(Reference Methods for Marine Pollution Studies No. 4/Rev. 1, UNEP/WHO).

The microbial conecentratiens obtained by the seven groups were analysed by computer, waing the
methodology proposed in tha document attached as Anmex 5, as well as the graphical method currently
used for quality control.

Review of the results showed 3 very great dispersion of bacterial concentratioms, with fairly
large confidence intervals, as compared with the results obtained during the exercises in Rome and
in Catalonia the previcus summer.

The possible explapatioma for this variation may include the following.

(1} Differences in the bactericlogical training of the participants. Evaluation of results from
the first to the third day showed that they were adjuating to the analytical techniques used.

(2) Heavy rainfall in the region during the sampling brought a land-based input te the coastal
waters which greatly increased their bacterial leoad apnd their organiec and mineral concentration.

As a result, a large number of dilutions were necessary, bringing 4 greater risk of error in taking
rapregentative quantities of water in the dilution flaskas.

(3) The results showed that it is essential to perform the neceasary homopenization and dilutiom
operatioma with great care when carrying out any bactericological analyais of szeawater.

) The results demonstrated the effectiveness and simplicity of the proposed methods for
interpretation and evaluation of baeterigl concentrations obrained in a ceastal water quality
monitering programme.
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9, Proposals for future action, and recommendations

In addition te specific recommendations concerning the different agends items, the
participants drew up recommendations on the following points.

(1} The need to carry eut studies on quality control and the importance of ensuring that results
obtained in monitering bactericleogical parameters are comparable. In this respeet, particular
attention must be paid ta the series of intercalibration exercises propesed as part of the
monitoring component of MED POL 1T, which should be carried out en a regular basis,

(2} Reference methods for determination of pathogens in seawater should be developed as soon as
possibla.

(3) Steps should be taken te produce a handbook on microbielogical quality control in the
labgratery. For this purpose, account should be taken of the experience gained and the data
collected during the previscus and current exercises.

{4) As part of the research compement of MED POL 1L, more laboratories should be encouraged to
rake part in the current activities in respect of {a} rhe correlation between microbiolegical
quality of coastal waters and health effects and {b) the survival of pathogens. For the firsr of
these sctivities, consideration should be given to examinations of sand on beaches that are heavily
uged.
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Anmex 1

INSTRUCTIONS FOR PERFORMANCE QF THE INTERCALTBRATION EXERCISE

1. Working groups

The participants will divide into eight groups of three persoms.
The composition of each group must be unchanged throughout the exercise.

2. Microbiological snalyses

Analysis of each of the three microbial indicators (tetal coliforms, faecal coliforms and
faecal streptococci) should be carried out by the same person for all water samples supplied during
the exercise.

3. |later samples
Each working group will receive identical samples of three types of water:
- sample A of highly polluted water;

- sample B of wmoderately polluted water;
- sample C of slightly polluted water.

The three samples will be issued on the three days of exercise: day 1, day I and day 3.

b4, Laboratory materials

Each working group will be issued the following items:
= all necessary materials for membrane filtration;
- three sterile plastic funnels;
- petri plates of 15 cm diameter for incubation of up to five membranes;

— flasks centaining 90 ml of sterile buffer solution allowing successive dilutioens by the
addition of 10 ml of sample water;

- sterile pipettes (10 ml);

- membrane filters;

- & Flask For rinsing with sterile buffer salution;

~ all additional materials required for the anmalyses.

5. Instructions for dilurion

The transfers invelved in preparing different dilutions from a given water sample should be
carried out using the same pipette.

The dilutions should be carried out by onme order of magnitude at a time, adding 10 ml of
gample water to a flask containing 90 ml of sterile buffer solution. The flasks should be
jmmediately identified by type of water, e.g. A-1l, and the degree of dilutiem, e.g. 1074, if the
dilution corresponds to an initial quantity of water for a total of 10 000 quantities.

All necessary praecautions should be taken to ensure that sample water taken from a2 flask is
representative of the content of that flask, on the one hand by adequarely stirring the water in
the flesk and vinsing the pipette several times and on the other by ensuring that all the sample
water is transferred to the buffer solutrion, by repeated rinsing of the pipette in the dilutien.
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6. Instructions for filtratien

Once the dilutions are ready, measurement of the gquantities af water to be filtared should be
carried out using a different aterile pipette for each sample, starting with the largest dilution.

All dilutiems of a given sample should be filtered using the same funnel.

7. Identification of petri plates

The petri plates should be marked:
~ omn the front, with the number of the working group;

= on the back, with a letter indicating the type of water, followed by a number corresponding to
the day in the exercise, e.g. A-3,

In additionr, at the locarion of each membrane, a serial number should be given showing the
quantity of water in dilution. These numbers should also be entered in the checklist to enable

subsequent recording of the numerations of each membrana.

8. Quantities of water for filtratiom

In all, five quantities of water for filtration should be taken cousecutively from the
quantities given on the checkliat.

As an approximate indication, the range of quantiriea of water uaed to identify faecal
coliforms should be raised by one level in relation to that used to determine total coliforms.

Similarly, the range of quantities of water used to identify faecal streptocecei should be
vaised by one level in relation to that used to determine faecal coliforms.

9, Numeration requirements

The recommended limits for numerarion of colonies appearing on a membrane are as follows:

- from 20 to 80 colonies, for total coliforms:
- from 20 to 60 colonies, for faecal coliforms
- from 20 to 100 colonies, for fascal astreptococel.

Should none of the membranes meet the recommended cricteria, the numeration closest to the
relevant limits should be taken, and this ghould be clearly indicated. Yor more details, see
UNEP/WHO Reference Methods for Marine Pollurion Studies.

10. Presgentation of results

The reaults of the analysiz should be expressed in terma of the number of colouies per 100 m}
of water examined. This concentration is detarmined by dividing the number of colonies enumerated
on the membrane by the quantity of watsr filtered and by the corresponding dilution (negariva power
of 10) and by multiplying this result by 100. For instance, a numeraticn of 28 colonies in a
nembrane on which 20 ml of weter of 1:1000 dilution have been filtered correspenda to a
concentration of:

28 x 100 = 140 , 103 coloniea/100 ml
20 x 103

For further information, see UNEP/WHO Reference Matrhods for Marine Pollution Studies.
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Wotking group Ho. Date: Hovember 1983
Members of group:
Type of water sample; Temperature of water; _ C

Resunlts of microbiological analysaes

Humber of colonies per membrane
Quancity of

water filtered Dilutioen
ml Total Faecal Faecal
coliforms coliforms streptococci
20 1;1
5 1;1
20 1:10
5 1:10
10 1:1040
3 1:100
20 1:1 000
S 1:1 000
20 1:10 Q00
5 1:10 Qoo
20 1:100 Q00
5 1100 000

Micreobial concentration,
in colonies per 100 ml

Comments;
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Annex 2

STATISTICAL ANALYSIS OF PREVIOUS INTERCALIBRATION RESULTS
Rome, November 1932

Table 1. Results of microbiclogical menitoring of coastal water samplea:
membrane filtration method

Type of water sample: A-l

Mierobial eemcentration per 100 ml
Working group

Total coliforms Faecal coliforms Faecal straptococcl

190 000 700
190 Q00 700
110 Qoo 000
152 Q00 700
230 000 100
360 000 200

- -

0w 00 ~d o B L R

i

Table 2, Resulta of microbiolegical monitoring of coastal water samples:
membrane filtration method

Type of water sample: B-1

Microbial concentration par 100 ml
Werking group

Total ¢coliforms Faecal coliforms Faecal streptocecci

1 Wi un ~J Wi~
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Table 3. Results of microbiolegical momitering of coastal water aagples:
membrane filtration method

Type of water sample: G-l

Microbial concentration per 100 ml
Working group

Total coliforms Faeeal coliforms Faacal streptocoecci
1 - 11 1G
2 - 11 12
3 - 18 11
& - ] 11
5 - 10 13
& - 10 13
7 - - —
8 - - -
) - .= -
10 - - -

Table 4, Etatisrical asnalysis of microbial comcentrgtions in coastal water samples:
membrane £iltration method

Type of water sample: A-1

Miezobial indicator

Parsmeter
Total ¢oliforms Faecal coliferms ¥aecal streptococci

Culture medium (agar) m=Endo mFC KF-atreptococcus
Number of identical samples -1 6 6
Concentration interval, in c¢olonies -1 200 000 6 700

per 100 ml -1 110 ocgo 4 700

Mean concentration, in colonies per 100 ml =1 190 000 4 700

Mean concentration, in natural laegarithms -1.00 12.15 8,63
Stendard deviation, in natural logarithms -1.00 0.47 0.18

95% confidence interval of mierebiszl -1 118 148 4 668
concentrations -1 3053 549 6 717

5% confidence interval of median mierebial =1 62 83

concentrations ~1 161 120
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Table 5. G&tatistical analysis of mierobial concentrations in cogstzl water samples:

membrane filtration method

Type of water sample: B-1

Paramefer

Microbial indicator

Total coliforms

Faecal coliforms

Faecal streptococel

Cylture medium (agar)
Number of identical samples

foncentration interval, in colonies
per 100 ml

Mean concentration, im colenies per Ll00 ml
Mean concentration, in natural logarithms
Standard deviation, in natural logarithma

95% confidence interval of wmierobial
concentrations

95% confidence interval of median microbial
concentrations

m-Endao

-1

=1
-1

-1

=-1.00

-1.00

-1
=1

-1
-1

m-FC

1.1Q

Q.76

p—

46
216

KF=-streptococeus
&

7
3

5
1.6l

0.18

83
120

Table 6., Statistical analysis of microbial comeentrrations in coastal water samples;

membrana filtration method

Type of water sample: C-1

Parameter

Microbial indicator

Total coliferms

Faecal coliforms

Faecal streptococci

Cultura medium (agar)
Number of identical samples

Concentration interval, in colonies
per 100 ml

Mean concentration, in colomies per 100 ml
Mean concentration, in natural logarithms
Standard deviation, in matural logarithms

95% econfidenee interval of microbial
concentrations

95% confidence interval of median micrebial
concentrations

m—~Endo

-1

=1
-1

-1

-1.00

-1.00

-1
-1

-1
-1

w=FC

2.30

0.41

13

66
151

KF-streptococcus
)

13
10

10

2.40

1o
13

88
114
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Fig. 7. Graph for checking microbiclogical analyses of coastal water samples.
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Annex 3

EVALUATTON AND INTERPRETATION OF DATA FROM MICROBIOLOGLICAL MONITORING

OF COASTAL RECREATIONAL WATERS AND SHELLFISH-GROWING AREAS

l. Scope and field of application

The method described is suitable for the evaluation and interpretation of microbiclogical data
from coastal and shellfish-growing waters, in temperate and tropical seas, and iz designed to be
used in the sanitary surveillance of bathing and shellfish—growing waters.

Microbial indicators exhibit a highly variable concentratiom at a given sawmpling statiom,
depending, among other factors, on the szawpling time of the day and the day of sampling.
Compliance with national and international eriteria and standards requires determination of the
mierobial concentration not exceeded on a certain percentage of the samples collected, and it is
therefore of interest to use a systematic method for data evaluation that, in addition to giving
the microbial concentrations associated with the established percentages, helps in understanding
the temporal variation of the microbiological qualiry of a coastal water, and poszibly provides
some insight into the type and relative importance of the factors affecting it.

2. References

Benjamin, J.R. & Cornell, C.A. Frobability, statistics and decisiom for civil emngineers. New York,
WY, McGraw-Hill, 1%70.

Haon, G.J. & Shapire, 5.5. Statistical models in engineering. Wew York, WY, John Wiley & Soms, 1967.

TAWPRC. Progress in water technolegy. Oxford, Pergamon Press, 1980, Veol. 12,

ICSEM/UNEP. Pollution of the Mediterranean: report on a workshop (Cagliary, 1980). ICSEM, Monaco,
19381,

Guidelines for health-relatead munituring of coastal water quality: veport oun a group of experts
jointly convened by WHO and UNEP (Rovin], 1977). Copenhagen, WHO Regional Office for Europe, 1977a.

Health criteria and epidemiological studies related to coastal water pellution: repart on a group
of experts jointly convened by WHO and UNEP (Athens, 1%77). Copenhagen, WHO Regiecmal Office for
Europe, 19770.

Coastal guality momitoring of recreational and shellfish areas (MED VII): report on a meeting of
principal investigators jointly convened by WHO and UNEP (Rome, 1979). Copenhagen, WHO Regional
0Efice for Eurape, 1979,

Cogstal water quality countrel in the Mediterranean: final report on the joint WHO/UNEP coordinated
pilot praject (MER VII) (1976-1980). Copenhagen, WHO Regional Office for Europe, 1981,

3. Prinaiples

The evaluation and interpretation method described is based on a statistical model and has to
be applied to a homogeneous series of experimental concentrations, obtained at a sampling statiom,
over a continwous period of time, and expressed in terms of a specified microbial indicator.

The concentration of microbial indicators present in the water samples collected at a sampling
station, over g continows period of time, has been shown to follow quite closely a lognormal
probability distribution. In other words, the natural logarithm of the microbial concentrations
appears to follow 2 normal probability distributiom quite closely.

The lognormal probability distribution that most closely fits an experimental set of microbis]
concentrations cau be eobtained through a graphical interpolation technique, which zllows the direct
estimation of the microbial concentrations not exceeded ia any given percentage of the samples, ag
well as providing several statistical parameters that are useful in understanding the factors
affecting the microbiological quality of the coastzl waters studied.
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Thia staristical method for evaluating and ianterpreting microbiolegical data can also be
applied numerically, uaing appropriate computer programmes.

&, Methodglogical comparisens

Compliance with national anmd internmational eriteria and standards of microbiological quality
vsually requires the detsrmination of the microbial concentration not exceeded in a given
percentage of the water samples gnalysed. A subsequent comparison between the resulting mierohial
concentrations and those established by the criteria or standards provides the basis for asseasing
the microbiological quality of the water with reapect to the criteris or standards considered.

Although most of the existing eriteria and standards for microbioclogical water qualiry are
axpreased in terma of two conecentrations of a specified microbial indicator, which should not be
exceedad in two corresponding pervcentages of the samples, very few of the criteria or atandarda
give explicit indicatioms on how to darive the appropriate microbial concentrations from the set of
experimental data.

As an illustratiom, the WHO/UNEP interim criteria om the recreational watera (WHO, 1979)
specify that the faecsl coliform concentrations of at least 10 water samples collected during the
bathing sezson should not exceed: (a) 100 faecal coliforms par 100 ml in 50% of the sampleas; and
(b} 1000 faecal coliforms per 100 wl im 90% of the samples.

The ranking method

The method most frequently used for deriving the microbial cemcantrations required for water
quality evaluation involves the ranking of the experimental concentratiens, in increasing order,
and the subsequent selection of the microbial concentration having an order number equal to that
resulting from the product of the total number of samples comsiderad and the percentage specified
by the criteria or standards. Assuming the number of cencentrations available was n = 20, the
microbial concentrations of concarn when applying the WHO/UNEFR interim eriteria would be those with
order numbers n50 = 20 x 0.50 = 10 and n90 = 20 x 0.90 = 13 respectively.

Thiz ranking method has the following features.

(1) It is very simple to perforwm, a8 it involves szimple ordering and multiplication operations,
making uynnecessary the use of any complex formula or laborious graphical analyses.

(2) It frequently leads to the practical difficulty of having to interpret order numbers which are
not integers. Unless the number of experimental results available "n" is not appropriate,
determination of its product by the corresponding percentage of compliance will result in a real
number, with the subsequent difficulty of having te asacciace it with one of the integers
representing the order mumber of the experimental set., As an example, assuming the number of
concentrations available was n = 12, the order pumbera of interest when applying the WHO/UNEP
erireria concentration would be a30 = 12 x 0.50 = 6 and %0 = 12 x 0.90 = 10.8 respectively. While
the former number is an integer, the latter iz a real number and does not correspend with any of
the 12 integers representing the same number of ranking positions of the experimental
eoncentrations.

This difficulry is usually solved by the use of a rounding—off criterion that converts the
real number into an integer, which can then be used for identifying the desired microbial
concentration. The most commonly vsed rounding—off eriterieon comsists in adding 0.5 units to the
real pumber gnd rthen dropping the fractiom part of the resulting number. According te this
eriterion, the previously obtained real number n%0 = 10.3 would be counverted into the integer
n90 = 11.

{3} “The precision of the microbial concentration thus selected is quite variable and fairly low,
being mainly determined by irs relarive ranking position within the ordered series of available
resuults, Any concentration included within the range defined by the concentrations immediately
above and below that associated with a specified percentage could have been chosen as correspending

to the same order number of the concentration actually zelected.

(4} The method does not take into account the absolute values of any of the experimental results,
other than those associated with the percentages specified by the criteria or standards,

(5) As the method concentrates on selecting one or twe specific microbial concentrations out of a

sat of experimental values, it does not provide any insight into the temporal variation of the
microbiological quality of the water at the sampling station considered.
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Appendix 1 illustrates the process of evaluation of the microbiclegical quality of a coastal
water in the Mediterranean according to the WHO/UNEP interim criteria, using the ranking method
previously discussed.

Lognormal distribution method

The statisticgl method proposed for the evaluation and interpretation of microbislegical
results is based on the observed property of the microbial concentrations, measured at a sampling
station, to follow g lognormal probability distribution. The method involves determination of the
normal diseribution that meat clesely fits the natural Isgarithms of the experimental results, The
adjustment procedure may be performed either graphically ox numerically, both alternatives being
capable of producing identical results, provided the caleulation steps are adequately specified.

The following characteristics of the lognormal probability distribution method should be noted.

(1) The procedure is slightly more elaborate tham the ranking method. Although it dees not
involve complex formulae, it demands some knowledge of geometry and certain skills in graphiecal
treatment of data. 5Strict adherence to the procedure and a minimum of practical training will
ensure its successful performance by any skilled technicizn.

(2) There are no practical diffieulties conecerning the total number of results available. Any set
of experimental results can be evaluated, although the benefits of this technique become more
evident with higher numbers of micrabial concentrations. Datz sets containing meore than

10 experimental results provide the best interpretation conditions.

(3) The precision of the method can be statistically ascertained and is generzlly superier to that
of the ranking method.

{4) The merhod takes inte account the absolute values of all the microbial concentrations

considared, which results in 2z more precise estimation of the concentrationm uect exceeded in any
percentage of the samples.

(5) The method entails determingtion of the lognormal probability distributien that mest clesely
fits the experimentzl results and thuz provides very halpful insight concerning the temporal
variation of the microbiological quality at the sampling station comsidered, as well as the
relative variation among two or more stations.

5. Tachnical materials

The preparation of the graphiecal plot from a set of microbial concentrations, as required by
the lognormal distribution method, involves the use of the following technical means.

5.1 A ealeulator capable of furnishing natural logarithm values. As an alternative, either a
logarithmic table or a graphical logarithmic secale can be used.

5.2 A sheet of either normal probability paper or lognormal probability paper. The shears of
normal and lognormal probability paper give two coordinate axes, one of them having a non-linear
scale, corresponding to the mormal probability distribution, and the other having either an
arithmetic secale or a logarithmic scale respectively.

Figs 1 and 2 show these two types of probability paper.

The specific property of normal probability paper is that a4 set of experimental values
belonging to a normally distributed population will fit a straight line when plotted.

As the micrabial concentrations obtained from a sampling station are considered to follow &
lognotmal probsbality distributien, their graphical analysis makes it necessary either to caleulate
the natural logarithms of the data and then plet them as normal probability paper or, more simply,
to plot the data directly on lognormal probability paper.

Where no type of probability paper is available, the probability scales shown in Figs 1 and 2
may be uged.

5.3 A transparent drawing rule, approximately 30 em long,

%.4 Auxiliary drawing tools, such as pencils and eraser.
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Fig, 1. Wermal prebability paper for evaluation of microbiclegiecal data
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Fig. 2. Lognormal probability paper for evaluation of microbielogical dsta
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5.5 The appropriate data recording forms, from which to obtain the experimental data and om to
which to record the statistical parameters derived from the evaluation process.

6, Operating procedurea

The procedure for application of the lognormal distribution method is deseribed below and
illustrated in Appendix 2.

The following steps are necessary when 2 lognormal probability plot from a sat of microbial
concentrations.

6.1 From the laboratory recording forms, obtain the szet of consecutive miecrobial concentrations
that, corragponding to a specified mierobial indicator, covers the time period of interast,

6.2 Raok the experimental results in increasing order of magnitude and obtain a new set of
microbial concentrations in which every value iz smaller or equal to that following it.

6.3 Prepare a nheet af probability paper. When normal probability paper 1z available, the
previously ordered set of microbial concentrations has to be converted to natural logarithms. This
transformation can be performed either nmumerically, using a caleulator or & legarithmic table, orv
graphicaly, using a logarithmic scale taken from the ordinates axis of Fig. 2.

When lognormal probability paper is availlable, there 1s no need for transformations, as the
microbial concentrations will bhe pletted directly in a coordinate aystem such as that appearing in
Fig. 2.

6.4 Calculate the expected cumulative frequency, F(Xi), associated with sach of the previously
ordered microbial concentrations, using the expression:

F(Xi) = i =x 100
n +

wiere:

¥1i = microbial concentration in the i-th pesition;

F(Xi) = eymulative frequency associared with the data value in the i~th position;
i = order number of each microbial concentration;

n = total number of microbial concentrationz in the set,

.3 When normal probability paper is available, plot the log-transformed values, ln Xi, versus the
correspending cumulative fregquencies, F(Xi),

When lognormal probability paper is available, the microbial concentratioms, Xi, should be
plotted directly in relation to the corresponding cumulative frequencies, F{Xi).

The coordinate axis used for plotting the log—tranaformed data is usually referred to as the
obsarvational ascale and the coordinate axis for plotting the ¥F(Xi) as the cumulative axias. Whether
the observational or cumulative axils appears on the abscissa is irrelevant and depends on the way
the plotting paper has been prepared.

6.6 The lognormal probability distribution that best fits the experimental results will now be
abtained By graphical interpolation of a straight line to the previously plotted points. A
detailed discusszsion of the interpolation methods appears in section 7.

This straight line represents the cumulative probability distribution of the microbial
concentrations not exceeded in a certain percentage of the cases.

6.7 The mierobial concentration not exceeded in & given percentage of the get of concentratiocna
considered can be abtained graphiecally by finding the concentration associated (through the

previously drawn straight line) with the percentage of interest.

A convenient notation for the microbial concentratien not exceeded in, for example, 50% of the
samples would be ¥X50, whare XX designates the two initials of the microbial indicator considered.

As an illustration, TCS0 = 2430 TC/100 ml would mean that 50% of the total coliform

toncentrations considered are smaller than or equal to 2480 toral ecoliforms per 100 ml, at the
selected water sampling statiom, and during the time period specified.
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6.8 Calculate the standard deviation of the lognormal prebability distributicn. The standard
deviation is a direct measure of the secattering of the experimental results from their mean value,
and thus gives a clear indicarion of the variatiom, within rhe time peried considered, of the
microbiclogical quality of the water ar the sampling station surveyed.
The standard deviation of a lognormal probability distribution 15 defined by the expression:
8 = In XX84 - 1p XYX50 = 1ln XX50 - 1n XX16
where:

- 5 ® gtandard deviarion of the lognormal probabiliry distribution;

- XX84, XX50, XX16 = microbial concentrations derived from the interpolated probabilicy
diseribution, which are neot exceeded in 34%, 50% and 164 of the samples respectively

The above definition of the standsard deviation wost always be borne in wmind, when using either
normal or lognormal probability paper, to prevent any coufusion arising from the type of scale used
for pletting microbial concentrations.

The standard deviarion of the probability distribution is directly related to the geometrical
slope of the straight line representing the lognermal probability distribution. The higher the
standard deviation of the probability distribution, the closer the straight line to the vartical
position.

6.9 The confidence interval of the sat of miecrebial concentrations can be obtained directly from
the probability distribution previously drawu.

The confidence interval of the (1l-o) x 100 percentage is dafined by the following limits:
(xx (@®/2); xx (1-/2})
where:

- ¥X = initials of the microbial indicater:
- @ = level of significance.

As an illustration, the 90% confidence interval of the concentrations measured at a sampling
station would be defined by the two concentrations:

(XX05; XX%5)
where XX0% and XX95 are the concentrations of the microbial indiecator denoted by XX, which were not
exceeded in 5% and 95%7 of the samples, as sstimated from the graphically interpolated lognormal

distribution.

6.10 The confidence interval of the median microbial concentratiom, XX50, at a ziven sampling
station is defined by the following two limits:

(exp (1a X350 -‘thl_q/Z’ a=1'; exp {la XX50 + B t1-a/2, n=12)
yn Va

whera;

~ X{50 = median microbisl concentration estimated from the lognormal probability distributionm,
X%/100 ml;

- 3 = standerd deviation of the lognormal probability distributien;

= tl-o/2,5-1 = value of the cumulacive Student's t diseribution with n=1 degrees of freedom;
- = level of significance;

= (1-a)100 = confidence interval, %

- n = number of mierebial concentratioms included in the data set.
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Tabla 18 of the Guidelines for heslth related monitoring of coastal water quality (WHO/UNER,
1977a) gives a summary of the most frequently used values of the Student's t distributiom.

6.11 The lognormal probability distribution previously obtained defines all the statistieal
paramerers necessary for further hypothesis testing, both for the distribution itself and for
comparisons of this distribution with others obtained ar the same or different sampling stations.

7. Interpolation technigues

The recommendad c¢riterion for interpolating a straight line to a sat of plotted points
involves visually drawing a straight line such that the areas defined on each side, by the
virtually polygonal line conmecting concsetutive points, are approximately equal.

Although more exact interpolation technigques can be used, such as the least gquares methed,
practical experience from interpolation of numerous sets of miecrobial concentrations shows that an
experienced analyst can produce straight-line interpolations of comparable precision to those
achisved with more alaborated numerical methods.

Practical difficulties encountered when trying to interpolate a straight line, through a
geattered cloyd of data points, should be considered as an indication of the lack of adjustmenc to
the proposed lognormal distribution model - & condition which would not be improved by the precise
interpelation that can be performed by complex numerical methods.

8. Practical comaiderations

Visual examination of the sxperimental daca points appearing in a lognormal probability plet
is a practical and direct method for testing whether or not the results follow a lognormal
distribution. The zloser the plotted points fit a straight line, the better the experimencal data
follow a lognormal probability distribution.

Date points located ar both tails of the distribution frequently diverge from the overall
linesr tendepey of the other pointa. Praetiecal experience shows that a close fit of the majority
(from 70% to 30%)} of the central poimts can be considersd a strong indication of the validity of
the proposed statiztical modal,

Although samples with zerc microbial concentration cannot be logarithmically transformed, and
thus ecannot be plottaed on probabiliry paper, they should be taken into account for all practical
purposes during the data~ordering process. Only when applying a stacistical test for
goodneas=of=fic should they be considered, being located af the far bottem of the cumulative
frequency axia, under rheir corresponding F(Xi) value.

When the plotted points cannot be adjusted to a straight line, it is most likely that the
variation among the microbial coneentrations cannot be interpreted by the lognormal probability
disrribution model proposed in this documeat.

However, a visual inspection of the pattern followed by the plotted points may give some clues
with regard to what other models could be used for interpreting the data or to the appropriateneas
of adopting a certain subdivision of the data set considered, as they may appear to follow
twe digtinet lognormal distributrions.

A derailed analysis of the data sets which do not fellow a lognormal distribution model can
provide very valuable insight to the data analyst, as well as helping to improve interpratation
skills,

9. Interpretation

From the asrraight line that most closely fits the set of experimental points drawn in the
probability paper, the following parameters can be directly obtained:

- XX50 = microbial concentration not exceeded in 50% of the samples;
- XXB4 = miecrobial concentration not exceeded in 84% of the samples;
- XX90 = microbial concentration not exceeded in 90X of the samples,

Similarly, any other microbial concentration not execeeded in a given percentage of tha samples
can be read from the probability plot.
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The standard deviation of the lognormal distribution can be obtained by the expression:
5 = ln XX84 ~ Lo KX50 = 1p XX30 - In XX16 '
whieh requires calculation of the natural logarithms of the concentrations previously obtained..
The confidence interval of the set of microbial cencentrations and the confidence interval of
the median comcentration can be obtained by the expressions appearing in gections 6.9 and 6,10

respectively.

Appendix 2 illustrates the calculation procedure for processing microbiclogical data from a
water sampling station on the Mediterranean coast.

13, Compliance with standards

To determine whether or not the microbial concentrations measured at 4 given sampling station
comply with the applicable criteriom or standard, it is necessary only to compare the microbial
concentrations specified in rhe eriterion or standard with the correponding microbial
concentrations derived from the legnormal distribution meodel.

When the eriterion or standard applicable contains two concentraciom limics for a given
micrebial indicator, the proposed model provides further insight inte the degree of compliance at
the szmpling station considered, through visual comparison of the probability diztribution derived
from the experimental data, and that defined by the eriterion or standard irself,

11. Evaluation report

The reporting form for the evaluation and interpretation of the microbiological quality at a
sampling station should inelude information on the following items.

11.1 The identification ecode of the sampling station.

11,2 Tha microbial indicator considered.

11.3 The microbiological method used.

11.4 The time perieod covered.

11.5 The total number of data available.

11.6 The number of samplesg with zero microbial concentration.

11.7 The criterion oxr standard of microbiolagical quality considered.

11.8 The high or low degree of adjustment of the experimental data to the lognormal distribution
meodel.

Only when the adjustment to the proposed model is adequate should information on the following
items be determined from the probability distribution derived from graphical interpelation of the
data points.

11.9 The microbizl concentrations not exceeded in the percentages of the samples specified by the
criterion or atandard.

11,10 The standard deviation of tha distribution, s.
11.11 The 95% eonfidence interval of the microbial concentrations,
11,12 The 957% confidence interval of the median micrebial concentraticn.

11.13 The evaluacion of the microbiological quelity according to each of the concentration limits
specified by the criteriom or standard considered.

11.14 The overall evaluation of the microbiological quality of the sampling station according to
the critevion or standard cousidered.
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11.15 The lack of adjustment of the data to the lognormal distribution model, as well as the
relativa mierobial concentrations defined by the experimental lognormal distribution and the values
imposed by the criterion or standard.

Table 2.2 in Appendix 2 gives an example of a report on an evaluation of the wicrobiological
quality of a Mediterranean coastal water according to the WHO/UNEP interim erireria, using the
lognormwal probability distribution metheod.
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" Appendix 1

EVALUATION OF THE MICROBIOLOGICAL QUALITY OF A MEDITERRANEAN COASTAL WATER
BY THE RANKING METHOD

Table 1.1, Faecal coliform concentracions at g water sampling station
on the Mediterranean cogst, summey 1932

Date FC/100 ml
16 June 1982 92
23 June 1982 1600
30 Juna 1982 k1
7 July 1982 t]
14 July 1982 140
21 July 1982 &4
28 July 1982 0
4 August 1982 36
11 August 1982 &
18 August 1982 8
25 August 1982 0
14 September 1952 32

Table 1.2. Microbiolegical quality of a ¢mastal water:
arrangement of experimental data when uging the ranking methed

Order Microbial comcentration
fumber FC/100 ml
1 0
2 0
3 0
4 &

5 4
6 8
7 32
8 k[
9 36
10 92
i1 140
12 1600

The evaluation of the mierobislegical quality of this eocastal wacer, aecording to the WHO/UNEP
interim eriteria for recreational waters, requires the selection of the concentrations not exceedad

in 50% and 90% of the samples.

The order numbers associated with those percentages are:

n30 = 12 x 0.50 = &
n90 = 12 x 0.90 = 10.48

rezpectively.
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Conaidering that the order numbers appearing in Table 1.2 are integers, the previous value
n90 = 10.8 has to be rounded off and transformed inte an integer. The commonly used criterion for
rounding off numbers trangforms the n90 = 10.8 value into n90 = 11, which can then be identified in
Table 1.2,

The faecal coliform concentrations not exceeded in 50% and 90% of the samples can be obfained
from ¥able 1.2, i.e. those associated with the order numbers nd0 = 6 and n%) = 11, and are:

FC50 = 8 FC/100 al
FC90 = 140 FC/100 ml

From the results shown in Table 1.3, it can be concluded that the microbiclegical quality of
the coastal watexs surveyed does not exceed either of the two microbial limits, and consequenktly
can be considered satisfactory according to the WHO/UNEP interim criteria.

Table 1.3. Mierpbiolagiecal guality of a recreational coastal water in the Maediterranean:
comparison af limits specified by the WHO/UNEP interim criteria and observed values

Microbial concentrations

FC/100 ml
Water quality parameter
Specified by criteria Observed
FC50 100 8
FC20 1000 ; 140

As discussed in the description of the ranking method, any experimental concentration included
within the range from 92 to 1600 FC/100 ml would have been ranked in the eleventh position,
assuming the other results were unchanged, thus illusatrating the low precision of this method and
underlining the strang implications that it has for the final outeome of the evaluation procedure.

If inatead of the 140 FC/100 ml concentration a value above 1000 FC/100 ml had been ohserved,
the water sampling station would have been classified as unsatisfactory according te the WHO/UNEP
intarim criterid.
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Appendix 2

BVALUATION OF THE MLCROBLOLOGLCAL QUALITY OF A MEDITERRANEAN COASETAL WATER
BY THE LOGNORMAL PROBABILITY METHOD

The following table illustrates the ordering and caleulation procedures necessary for applying
the lognormal probability model to the set of faecal coliform concentratious sppearing im Table 1.1
of Appendix 1.

Table 2.1, Microbiological quality of a coastal watexr:
evaluation by the lognormal probability methaod

Ordar Cumulative Microbial Log-transformed
nymbar frequency concentration micrabial
4 FC/L00 ml congentration
i F(Xi) Xi In Xi
1 8 0 -
2 15 0 -
3 23 0 -
4 31 4 1.39
5 38 4 1.39
6 46 g 2.08
7 S& 32 3.47
8 62 36 3.58
9 &9 36 3.58
10 77 92 4.52
11 85 140 4.94
12 92 1600 7.38

When normal probability paper is available, the values In Xi must be plotted in relation to
the cumulative frequency, F(¥i), However, in view of the convenience of using lognormal
probability paper, the microbial coumcentrations, Xi, have been plotted im relatiom to the
cymulative frequenciea, F(Xi), and they appear in Fig. 2.1l.

The datsa points shown in Fig. 2.1 have been interpolated with a straight line, following the
criterion recommended in section 7,

A visual examination of Fig. 2.l indicates satisfacrory agreement between rhe data points and
the probability model proposed, From the probability distribution thus cobtained, the faecal

coliform concentracions not exceeded in 30% and 90% of the samples can be estimared, and they
appear in Table 2.2,

The standard deviarion of the probability distribution has been obtained using the expressiont
8 = ln XK84 = lun ¥X50 = In 240 - 1n 13 = 5,48-2.36 = 2.92

The 957 confidence interval of the sat of faecal coliform concentrations is defined by the
concentrations associated with the 2.5% =snd 97.5% cummnlarive frequencies, which are:

(1 CF/100 ml, 3700 CF/L00 wl)

The 95% confidence interval of the mwedian faecal coliform concentration can be caleulated by
the expression appearing in sectiom 6.10. In this case, considering thac:




ICE/RCE 211(3)
8715L
page 30

Fig. 2.1. Interpretation of the microbiologicﬁl quality of & coastal water
in_the Meditervenean, by the lognormsl probability model,
and evaluation according to the WHQO/UNEP interim ecriteria {a)
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ln FC50 = ln 13 = 2,36
g = 2,92
n=12
Lo 975.11 = 2,201

the 95% confidence interval of the median coucentration is defined by
{2 FC/100 wl; 83 FC/100 ml)

Table 2.2 summarizes a repert on an evaluatiom of the microbiclogical quality of the
Mediterranean ccastal water congsidered, using the lognormal probability method and taking the
WHO/UNEF interim quality criteria as a reference.

Table 7.2, Evaluation of the microbiological quality of water at a sampling station
on the Mediterranean coast according to the WHO/UNEP interim criteria,
using the lognormal probability method

Itom Value
Station code -
Microbial indicator Faecal coliform
Analytical method Membrane filtration
Period covered June - September 1982
Number of zamples 12
Number of zeres 1
Model agreement Satisfactory

WHO/UNEF interim quality criteria for axperimental concemtrations FC50 = 100 FC/100 ml
FC90 = 1000 FC/100 ml
FC30 = 13 FC/100 ml
FCOQ = 530 FC/100 ml

Standard deviation s = 2,92

95% confidence interval of sample {1l FC/100 ml, 3700 FC/100 ml)

95% confidence interval of median concentration {2 FC/L00 wl, 83 FC/100 ml)

Quality evaluation Satigfies FOS0 limit
Satisfies FC90 limit

(verall quality evaluation Satisfactory

As can be seen in Fig. 2.1, the combined influence of all the wierobial concentratious
observed results in an estimate for the -concentration not exceeded in %0% of the samples of
FCY90 = 530 FC/l0Q wl, which is much higher than that shown in Table 1.3.

The agreement between the experimental data and the proposed method is satisfactory and
reveals & temporal variation of the microbiological quality of the water rthar is slightly higher
than that defined by the WHQ/UNEP interim criteria.

Any genersl deterioration of the microbiological quality at the sampling station studied would
move the probability distributionm upwards and presumably parallel to itself, causing the upper
1imit af the criteria to be exceeded and involving a reclassification of the water at the sampling
station according to the WHO/UNEP interim eriteria.
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Annex 4

STATISTICAL ANALYSIS OF PREVIOUS INTERCALIEBERATION RESULTS
Catalonia, summer 1983

Fig. 1. Intercalibration exercise for laboratories
participating in ¢coastal water monitoring
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Fig. 3. Intercalibration exercise for laboratories
participating in coastal water wmonitoring
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Anmax 5

PRESENTATTON AND STATISTICAL ANALYSIS OF RESULTS OF THE INTERCALIBRATION EXERCISE

Table 1. Results of microbiological analyses of samples of cozstal water:
membrane filtration method

Type of water sample: A-l Date: 7 November 1983

Microbial concentration per 100 ml
Working group

Total coliforms Faecal celiforms Faecal streptococci

1 75 000 000 4 000 000 1 730 000
2 45 000 264 000 57 400
3 22 000 000 312 000 211 000
4 11 900 000 760 000 210 000
5 3 400 000 12 900 146 D00
& 2 600 000 20 QOO 57 000
7 $ 090 000 225 000 64 200
3 - - -

g - - -

10 - - -

Table 2. Results of microbiological analyses of sawmples of coastal water:
membrane filtration method

Type of water sample;: BE-1 Date: 7 November 1933

Microbial concentration per 100 ml
Working group

Total coliforms Faecal coliforms Faecal atreptococci

1 1 780 000 162 000 213 000
2 356 000 126 000 76 000
3 1 610 000 149 000 141 000
4 Z 240 000 160 000 156 000
5 925 000 92 000 236 000
6 843 Q00 = 31 500
7 1 700 000 135 000 194 000
8 - - -

9 - - -_
14 - - -
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Table 3. BResults of microbiological sualyses of samplas of coastal water:
membrane filtration method
Type of water sample: C-1 Data; 7 Novembexr 1983

Micrabial aoncentration per 100 ml
Working group

Total coliforms Faecal coliforms Faees) streptococcl

1 184 000 50 000 57 000
z 27 Q00 48 000 48 Q00
3 404 000 44 00O 72 900
4 1 040 000 &0 000 44 800
5 260 000 300 57 300
[ 4] 000 - 16 000
7 120 0Q0Q 17 500 30 400
8 - - -

9 - - -
10 - - -

Table 4. Results of microbiological analyses of samples of coastal water:
membrgue filtration method

Type of water sample: A~2 Date: B8 November 1983

Microbial concentration par 100 ml
Working group

Total coliforms Faacal coliforms Faecsl straptocecci

1 21 300 000 1 130 000 117 Q00
2 10 B0O 000 620 000 BOQ 000
3 10 400 000 340 000 110 000
& 8 200 o000 360 000 led Q00
3 3 750 000 900 000 115 Q00
& 9 400 000 1 170 ©00 32 400
; & 300 000 195 000 4Q 000
9 - - -

10 - - -
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Table 5. BResults of microbiological analyses of samples of coastal water;

Type of water sample: B-2

membrane Liltration methed

Dates

Working group

Microbial concentratiom per 100 ml

Total coliforma

Faecal coliforms

Faecal streptococel

1 580
2 060
1 720
16
620

1 480
1 020

PRI N L TR - W L ]

—

oo

000
00o
400
000
000
Q00

363 000
400 000
165 000

5 200
27 500
124 Q00
127 000

88
22
72

3
96
39
52

00
004
ona
460
Qoo
200
000

Table 6. Results of microbiplogical analyses of camples of cosstal water:

Type of warer sample: C-2

membrane filtration method

Date:

Working group

Microbial concentration per 100 ml

Total coliforms

Faecal coliforms

Faecal streptococcl

173
144
424
263

30
200

71

[ RV N RN = VR RO Ll R

e

000
Q00
000
Q00
Qoo
000
400

29 500
32 800
27 000

80 000
64 Qao

26 0Q0

36
25
33
124
33
18
20

000
50C
600
Q00
300
300
7100

8 November 1983

8 November 1983
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Table 7. Results of microbiclogical analyses of samples of coastal water:
membrane filtration method

Type of watar sample: A-3 Date: 9 November 1983

Microbial concentration per 100 m]
Working group

Total coliforms Faecal coliforms Faecal atreptococci

320 GO0 67 100 10 000
480 000 91 400 16 600
771 000 42 000 33 500
300 000 104 o000 19 100
202 000 - 27 0no
80 000 37 300 33 300
210 000 - 36 ooo

[-LT-0 RN SR T R FURY N ey

—

- - -

Table 8. Results of microbiological analyses of samples of coastal water:
membrane [i1lrration methcd

Type of water sample; B-3 Date: 9 November 1983

Microbial concentratien per 100 ml
Working group

Total coliforms Fascal coliforms Faacal streptococci

171 o000 32 000 27 500
230 00Q 27 000 11 6G0
210 000 15 000 30 000
169 000 - 32 000 aoo
114 600 13 400 200
235 000 60 000 Qo0
14 600 200 200

L e R NI - R, R W K ]

—
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Table 9. Results of microbiological analyses of samples of coastal water:

membrane Iiltration method

Type of water sample: C-3 Date:

9 November. 1983

Microbial concentratiem per 100 ml
Working group

Total colifarms Faecal coliforms Faecal streptocoaci

1 205 000 36 400 & 800
2 348 000 34 400 g 700
3 348 000 7 000 19 000
& 275 0Q0 - 5 800
3 255 Q00 14 400 & 200
6 255 000 25 000 60 00O
7 145 000 - 2 400
g - - -

9 - - -
10 - - -

Table 10. Statistical analysis of microbisal concentrations im ecastal water s

amples;

membrane filtracion method

Type of water sample: A-1 Date:

7 November 1983

Microbial indicator

Parameter
Total coliforms Faecal coliforms TFaecal streptococed

Culture wedium (agar) mEndo w=FC KF=-streptococcus
Number of identical samples 7 7 7
Comcentration interval, in colonies 75 000 000 4 000 000 1 730 000

per 100 ml 45 000 12 900 57 000

Mean concentratiom, in colonies per 100 ml & 800 000 200 000 57 000

Mean concentratien, in natural logarithms 15.73 12,21 11.78
Standard deviatiom, in natural logarithms 1.88 2,42 0.89
95% confidence interval of microbial 1 300 000 23 000 59 000
concentrations 0 1 700 Q00 290 000

95% confidence interval of median microbial 18 11 45
concentrations 540 870 220
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Table 11. Statristicsl analysis of microbial comcentrations in coastal water samplas;
membrane filtration method

Type of water sampla; B-] Date: 7 November 1983

Microbial indicetor
Parameter

Total coliforms Faeecal coliforms Faecal streptococci

Culture medium (agar) m—Endo m=FC KF-streptococcus
Number of identical samples 7 ) 7

Concentration interval, in colonies 2 7040 000 162 000 236 000
per 10O ml 356 000 92 000 31 500

Mean concentration, in colonies per 100 ml 1 300 000 130 000 31 500
Mean concentratiom, in natural logarithms 14.08 11.78 11.78
Standard deviation, in natural logarithms 0.85 0.25 0.82

95% confidence interval of microbial 610 000 100 000 62 000
concentrations 2 800 000 170 000 270 000

95% confidence interval of median mierobial 46 77 48
concentrations 210 130 210

Table 12. Statistical analysis of microbial concenrrarions in coastsl water samples:
membrane filtration method

Type of water szample: C-1 Date; 7 November 1983

Microbial indicator
Parameter

Total coliforms Faecal coliforms Faecal atreptacocel

Culture medium (agar) w—Endo KF-atreptococcus
Number of idantical ssmples 7 7

Concentration interval, in colonies 1 040 000
per 100 mi 27 000

Mean concentration, in celoaisa per 100 ml 160 000
Mean concentration, in natural legarithms 11,58
Standard deviation, in natural logarithms 1.39

95% confidence interval of mierehial 39 Qo0
concentrations a6l 000

951 confidence interval of median microbiasl 24
concentrations 410
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Table 13. S8tatistical analysis of mierobial concentrations in coastal warer samples:

membrane riltratlon method

Type of water sample: A-~2

Date; & November,K 1933

Parameter

Miczrobial indicater

Total coliforms

Faecal coliforms Faecal streptococel

Culture medium (zgar)
Number of identical samples

Concentration interval, in colonies
per 100 ml

Mesn concentration, in colenies per 100 ml
Mean concentration, in natural logarichms
Standard deviation, in natural logarithms

495% confidence interval of miecrobial
concentrations

95% confidence interval of median microbial
concantrations

m—Endeo

7

21 300 00G
3 750 000

3 900 000
16.00
0.64

3 000 000
]

56
180

wFC
7

1 170 0Q0
195 Qoo

560 000

13.24

0.84

260 000
1 200 000

47
210

KF=-streptococcus
7

168 000
32 400

32 400
11.31
0.72

43 000
160 000

52
190

Table 14. Statistical aunalysis of microbial concentrations in coastal warer samples:

membrage filtration method

Type of water sampla: B-2

Date: & Novembar 1%33

Parametey

Miecrobial indicator

Total eoliforma Faecal coliforms Faecal streptococel

Culture medium (agar)
Humber of identical samples

Concentration interval, im colonies
per 100 ml

Mean concentration, in colonies per 100 ml
Mean concentration, im natural logarithms
Standard deviation, in natural logarithms

95% confidence interval of microbial
concentrations

95% confidence interval of median microbial
concentrations

mEndo

7

2 060 000
16 400

1 200 900
14.00
Q.60

700 000
2 100 000

58
170

wFC
7

400 000
5 200

110 000
11.61
1.34

33 000
360 000

30
330

EF=-streptococcus
7

86 000
3 460

3 4860
11.05
.50

40 000
99 000

63
160
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Table 15. Statistical analysis of microbial gconcentrations in coastal water samples;
membrane filtration method

Type of water sample: C-2 Date; & Novembar 1983

Microbial indicator

Parameter
Total coliforms Faecal coliforms Faecal streptococci

Culture medium {ggar) u~-Endo wFC KF=-streptococcus
Number of identical samples 7 ] 7
Concentration interval, in colonies 424 000 80 000 124 000

per 100 ml 71 400 26 000 13 300

Mean concentration, in colonies per 100 ml 160 Q00 39 000 18 300

Mean concentration, in natural logarithms 11.98 10.57 10.43
Standard deviation, in natural logarithma 0.78 0.57 0.71
95% confidence interval of microbial 80 ooo0 22 900 18 000
concentrations 320 000 89 000 &4 Q00

953% confidence interval of median micrebial 49 56 53
concentrations 200 180 190

Table 16. Statisrical analyais of microbial concentrations in coastal water samples:
wmembrane filtration method

Type of water sampla; A=3 Date: 9 November 1983

Microebial indicator

Parameter
Total coliforms Faecal coliforms Faecal streptococci

Culture medium (agar) m=Endo w-FC K¥-streptococcus
Number of identical samples 7 5 7
Concentration interval, in colonies 771 000 104 000 36 000

per 100 ml 80 000 37 500 10 000

Mean concentration, ia colonies per 100 ml 300 000 63 000 10 000

Mean concentration, in natural logarithms 12.61 11.05 10,04
Standard deviation, ia natural logarithms 0.92 0.58 0.56
95% confidence interval of microbial 130 Q00 3z 000 14 000
congentrations 680 000 120 Q00 38 000

95% confidence interval of median microbial 43 sl 60

concentrations 230 190 160
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Table 17. G&Statistical amalysis of micrebial concentrations in coastal water samples:
membrane riltration method

Type of water sample: B-3 Date: 9 November. 1983

Microbigl indicator

Parametar
Total eoliforms Faecal celiforms Faecal streptococci

tulture medium (agax) m-Endo wFC KF=-streptococcus
Number of identical szamples 7 7 7
Concentration interval, in colonies 235 000 60 000 30 000

per 100 ml 14 600 200 3 000

Mean concentratiom, in eolonies per 100 ml 170 000 23 000 5 000

Mean concentrationm, in natural logarithms 12.04 10.04 9.68
Standard deviatiom, in natural logarithms 0.37 .80 0.74
95% confidence interval of microbial 120 000 11 000 g8 300
concentrations 240 000 47 000 31 000

95% confidence interval of median microbial 71 48 51
concentrations 140 200 150

Table 18. Statistical analysis of microbial concentrations in coastal water samples:
membrane filtration methad

Type of water sawple; C-3 Date; 9 November 1933

Microbial indicater

Parameter
Total coliforms Faecal coliforms TFaecal streptococei

Culture medium (agar) m=-Endo =FC KF-gtreptococeus
Humber of identical samples 7 5 7
Concentrarion interval, in colonies 348 000 36 400 60 Q00

per 100 ml 145 Q00 7 000 2 400

Mean concentration, in colenies per 100 ml 250 000 20 000 2 400

Mesn concentration, in matural logarithms 12.43 9.90 9. 14
Standard deviatiom, in matural logarithms 0.36 0,87 .22
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Statistical analysis of microbial concentrations in coastal water samples

Fig. 11.
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Fig., 13.
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Statistical analysis of microbial concentrations in coastal water ssmples:

Fig. 17.
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Sratistical analysis of microbial concentrations in coastal water samples:
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Sratistical analysis of microbial concentrations in coastal water samples:
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Fig, 29. Graph for checking microbiclogical analyses of coastal water samples:
membrane filtration method
I FC
Al
B3 LCS
2,44 [k
¢ L
TS
e | e S B N e mmmamEssmamsasaaaan
B2 '
1.31 v L
A3
cz
LCI
0.17 i
] ! 2 3 + 5 & 7 ] ] 18 il 2 13 4 i3 16
Sequence of analyses points rejecred °
Mieroorganism: FC Culture medium: mFC agar

Fig. 30. Graph for checking microbiological analyses of coastal water samples:
membrane filtration method

F&
13 LCS
=7 R sl B

B2 ca
T
0.97 :
1B / c2
\V"A‘? >

1 <

013 LCI

: 1 2 3 4 3 § 7 ] 3 18 n 12 13 1 13 16

Sequence of amalyses points relected 0

Micreorganism: FS Culture medium: KF-streptococcus agar




........ T P e T P T N N P

ICP/RGE 211(3)
B715L
page 59

Annex 6

LIST OF PARTICIPANTS
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pollution marine, MNice, France

br J.J. Borrego Garcia
Departamento de Microbiologfa, Facultad de Ciencias, Universidad de Malaga, Spain

Mrs 0. Cadahia Mariz
Direccidn de Salud de Lugo, Montevideo, Spain

br J. Castellvi
Institute de Investigaciones Pesqueras, Barcelona, Spain

Dr E. Chamekh
Laboratoire d'hygidne municipal de la Ville d'Alger, Algeria

Miss M. Colldecarrera i Compte
Universitar Politécnica de Gireoma, Spain

Dr ¥. Djsmbara
Cantre médical des gens de mer, Abidjan, Ivory Coast

Mrs M.-D. Ferrer Eacobar
Laboratoric Municipal de Barcelona, Spainm

Dr F. Gonzalez Porcel
Direccitn de Salud, Gonsajeria de Sanidad y Seguridad Sccial de Baleares, Palma de Mallorca,
Spain

Mr 8. Grané Terradas
Sarvei Terrirorial de Promocio de la Salut de Tarragona, Gemeralitat de Catalunya, Tarragoena,
Spain

Mrs C. Hosta Robds
Escuela Universitaria Politécnica de Cirona, Laboratorio Aguas, Gironma, Spain

FProfessor 5. Jekow
Institut Pesteur dea Tunis, Tunisia

Miss L. Lodeiro Sadnz
Direcceidn de Salud de la Corufia, Xunta de Galicia, lLa. Corufia, Spain

Professor F. Lucena
Departamento de Microbiologia, Facultad de Biologfa, Universidad de Barceloma, Spain

Mr M. Martos Padilla
Junta de Andalucia, Consejeris de Sanidad, Direccidn Provincial de la Salud, Granada, Spain

Mr L. Matia Ribot
Servei de Sanejament Ambiental, Direccie General de Promocio de la 8alut, Departament de
Sanitat i Seguritat Social, Gemeralitat de Catalunya, Barceloma, Spain

Mrs 1. Moro Gonzalez
Servicio Territorial de Promocidn de la Salud, Baxcelona, Spain
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Professor K. Mujeriego
Escola Tecnica Superior 4'Enginyers de Camins, Canals i Ports, Universitat Politdenica de
Barcelona, Spain

Mra M.-V. Wavazo Dolz del Castellar
Escuela Nacional de Senidad, Ciudad Universitaria, Madrid, Spain

Mr L. 0'Shanahan
Dapartamento de Bacteriologfa, Centro de Tecnologia Pesquera, Cabildo Insular de Gren Canaria,
Las Palmas, Spain

Mrgs J. Pardos i Bosch
Servei Tarritorial de Promocio de la Salut, Gireuna, Spain

Mr I. Perales Palacios
Direccidn de Szlud de Vizcava, Bilbao, Spain

Mr E. Quesads Fernandez de la Puente
Congajeria de Sanitat, Generalitat de Velencia, Spain

My J. Ricart Pifarre
Servicio Territorial de Promocidn de la Salud, Lerida, Spain

Mr J. Semeria
Centre scientifique de Monaco, Monte Carlo, Principality of Meonaco

Profesaor E, Vicente
Dto Microbicloglfa, Facultad de Ciencias Bioldgicas, Universidad de Valencia, Campus

Universitaric de Burjasot, Valencia, Spain

Mias C, Zigorraga Arrien
Direccidn de Salud da Guipuzeoa, San Sebastian, Spain

REPRESENTATIVES OF OTHER QRGANTZATIONS

United Nations Enviromment Programme (UNEP)

Dr ¥.§5. Civili ‘
Coardinating Unit for the Mediterrvanean Action Plan, Athens, Greece
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