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PREFACE

Within the framework of the Long—term Programme for Follution Mowitoring and Researeh in the
Mediterranean Sea (MED POL Phase II), national monitoring programes in most Mediterranean
countries have either become operational or are in the process of fermalization., These programmes
include resular microbiclegical and related monitoring of coastal recreational and
shellfish—erowing areas.

In ordetr to promote staendardization of methodology, four refarence mathods, covering the major
microbiological iadicator orzanisms for the mounitoring of comstal recreational waters,
shellfish—-erowing waters and shellfish flesh were developed bv the Upnited Nations Envirooment
Programme (UNEP) and WHO. These methods form part of a comprehensive series being precared by
UNEP's Regional Seas Programme Activity Centre (RS/PAC) in collabaration with the relevant United
Nations specialized agencies., Thev are designed not only to cover all the monitoring pavameters
approved by the Contracting FParties to the Conventiom for the Protection of the Maditerranean 3ea

againgt Ppllution and its related protocols when formally adoptinz the MED POL Phase Il programme,
hut also to enrable their utilization, to the axtent possible, in regions other tham tha
Mediterranean.

The four microbiological reference methods developed jeintly By UNEP and WHO ware as follows:
- determination of total coliforms in seawater by the membrane filtration culture method;
~ determination of faecal coliforms in seawater by the membrane filtration culture method;
- determination of faecal streptococci in seawater by the membrane filtrarion culture merched:
= determinatign of faecal coliforms io bivalves by the multiole test tube method.

All four wmethods were develoved and tested duriae the first balf of 1982 and were reviewed at
a WHQ/UNEP joint Consultation Meetinz on Methods for Manitoriog selected Pollutants in Sewaee
Effluents apd Coastal Recreational Waters, held in Rowe from 24 to 26 Novemher 1982, TFollowing
such review, the methods were issued in their final form ip 1983, During the same vear, work was
gtarted by WHO and UNEP on the development of reference wethods for the firat three parameters
listed above, ugineg the multiple test tube method. These methods are expectad te be readv for
veview and testinz in late 1984,

The Rome consultation meetineg was acombined with a preliminary intercalibration exercise, held
at the same venua from 22 to 26 November 1982, at which participants from saleated Meditarranean
laboratories performed determinations of the three nmicrobiocloeical parameters {TC, FC and FS5) and a
series of intercalibration exercises in a number of Mediterrtanean countries was planned, with the
intention of involving scientists from the home country enzaged in the MED POL orogramme and also a

number of scientists from other Mediterranean countries similarly engaged. This was desizned to
improve comparability of results and auality control at both country and intercountry levels.

The first axercise in the series was held in Barcelona frowm 7 to 11 November 1983, and was
preceded by an interlaboratory testing exereise, using the same referenge methods, in Catalonia in

the summer of 1983, The present exercise, the second in the series, was orzanized by WHO and UNEP
in collaboration with the Eonvironmental Pollution Contral Project (Ministrv of Phvsical Planming,

Housine and the Environment), Athens, from 25 to 29 June 1984, and was similariy preceded bv a
national exercise held at the same institution inm March 1984,

The main objectives of the presant exercise were to enable participants to conduct actual
laboratory determinztions of bacterial parameters usine the same samples of seawarter, uctilizing the
reference methods listed above, and, for comparison purposes, conducting varallel tests using the
multiple test tube method,

The main objecrives of the consultation meeting, held in conjunction with the exercise, were
the following:

= to review the results of the laborarory exercise, as wall as of previous ones;
- Lo review the results of the national exercize of March 1984,
- to review the revised draft guidelines for monitoring the guality of eoastal recrearional and

shellfish=growing areas, jointly developed by WHO and UNEF as part of the Raefarence Metnods
serias;
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- to make recommendationa on future intercalibration exercises, as well as on any other related
mattar heing conducted or plammed within the framework of MED POL Phaama IT,

Representatives of (a) Greek institutions participating in the relevant aspects aof the
MED POL Phase II monitoring orogramme, (k) instirurions in Cvorus, Egypt, Israel, Malts, Turkev and
Yugoalavia and (c) institutions partieipating in the West African Resienal Action Plan, ware
invited co attend the axercise and consultation meatring, In addition, the followipg intermational
orzanizatiogns were invited te send represantatives; TFood and Agriecultural Orzanization nf the
United Nationa (FAD), Intergovernmental Oceanograohic Commisaion (I0C), Unitad Nations Develooment
Programme (UNDP), United Natioms Educatioval, Scientific and Cultural Oveanization (UNESCO), World

Meteorological Organization (WMD) and International Atomic Energy Agency (TAEA).

l. Openivng of the meeting (agenda item 1)

The meeting took place at the Enviroomental Pollution Contral Projecc, Athens, from 235 ta
219 June 1984, 1t was attended bv 26 temporary advisers from Greace and five gother Mediterranaan
eountries. There was one reprasentative of UNEP and one from WHO/EURO, A 1ist of sarticipants is
given in Annex 3.

bDr L.J. Saliba, Senior Secientiat, Mediterranean Action Plan, World Health Orgzanization
Regional Office for Europe, opaned the meeting on behalf of the Ragional Director,
Dr Les A. Kaprie. He mentioned the deep involvement of WHO in the Mediterranean Action Plan,
within the framework of whiech this activity was being organized, and stressed the importance of
ensuring a high quality for recreational and shellfish-erowing aress in the Mediterranean, which
reguired coatinuocus monitoring and comparability of individual resultsz to enable the drawing-up of
an accurate gpverall pilcture of the situation. He alse expressed WHO's appreciation of the work
undertaken and the facilities provided by the Environmental Pollutioen Control Project both for the
laboratory exercise and the consultarion meeting. He mentisnad the appropriateness of the present
venue, as the host institurion had been deeply invelved both in the health-related aspects of
MED POL Phaze T and in a comprehensive WHO-executed projecet.

Mr 4. Manoa, Cgordinator of the Mediterranean Action Plan, United Nationsz Environmant
Programme, addressed participaots on bebalf of the Executive Director of UNEP,
Dr Mostafea K. Telba. He recalled the commitment of the coastal states to protect and epnhance the
Maditerranean Sea ares and theirvr obligation under the 1976 Barcelona convention to endeavour to
e#atablish a pollution monitoring svstem for this area. UNEP, workineg in close cooparation with the
televant specialized agencies of the United Nations system, had developed a strang scientcific
component (MED POL} which aimed at identifving the sources and effects of major vollutants. 1n so
doing, the scientific tools and methods had to be perfectad and harmevnized, in order to provide
sovernments and the publie with reliable and comparative information on the atate of pollution of
the Mediterranean. 7This intercalibration exercise being conducted ip Athens and the athars in the
tame series, were essential stepa towards that ilmportant zoal.

De G. Kardaszis, Director of Eaviroavment in the Greek Ministry of Phvsical Plaaning, Housinmg
and the Environment, welcomed particivants on behalf of the Minister, Mr A, Tritsis, who augured a
feruicful and suecessful mctivity. He stared that Gresce, as 3 country with an outstanding historie
rele for the develooment of civilization in the MediCerranean basin, considered all activiries
focusing on the protection of the envirooment of this basin as very important. Monitering of
eonstal water guality was vital for ensuring suitability of such waters for bathing and other
activities., A knowledge of che limits of natural rescurces was a prerequisite fo their
axploitation linked with envivonmental protection, and actions and measures bhad to be hased on a
tull and correct picture of the ecosvatem invalved, This activity would contribute greatly to tha
attainment of sueh a picture with regard to Mediterranaan cpastal waters.

Dr G. Manes, Public Health Officar, addressed participants on bahalf of the Greek Ministry of

Health and Welfare, and particularly oo behalf of Dr T, Stephanou, Director of Public Health. He
referred to marine polluting agents mostly from the medical and epidemioclogical viewpointas and

streassed the increasing threat to public health throush exposure of bathers to solluted geawater
and through covsumption by the public of shellfish harvested from contaminated areas, He similarlv
strezsed the importance of sewage receiving secondary trestment and chlorimation, thus ensuring a
substantial veduction of pathogenic bacteria and viruses, He expressed the importanca of atl
relevant netional authorities invelved in various wavs acting in full coordination and cooperation
under uniform legislation. An idesal situatioo would be common international leziaslation to ba
adopted by all the countries in the region. The Greek Ministrvy of Health and Welfare augured a
complete success to the meeting.
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Dr A, Mourmouris, Greek Naticnal Coordinator for MED POL, addressed participants and expressed
the sarisfaction aond pleasure of the Ministrv of Physical Flanning, Housing and the Environment at
hosting the oresent axarcige gnd in comtinuing its collaboration with WHO and UNEP. This exercise
was considered as a good ovportunity for exchanege of axperience and geientific cooperation on
conctrate environmental matters of pemeral interest, as well as being indizpensable for ensurine
comparable reaults, She stated that Greece had amply proved its active interest in MED POL hv its
contribution te both the first and second phases. In the Greek national intercalibration exercise,
convened in Athens from 12 to 16 March 1984, both the MF and MPN methoda were used, In the currant
exercise, apart from the three MF methods recomnended so far by the Contractiae Parties, the host
insgitution had alse provided for parallel determinatioas using the MPN technigue, for which the
relevant reference methods had not vet been fipalized by WHO/UNEP. This was done as several
Mediterranean institutions had been using the latter for several vears and tha Contracting Parties'
current recommendation did net exclude alterpative methods, provided these gave comparable
results. The present exercise would therefore assist in eatablishing comparabilitv between methods
as well as between individunal resulcs.

Z. Scope and purpose of the meeting (acenda item 2)

Dr L.J, Saliba explained the scope and purpose of the axercize and consultation meeting. He
described the situation emerging from the Rome and Barceloma intercalibration exercises where there
was a considerable diserepaney between individual results. He stressed the fact that particisants
should obsarve the prescribed methodoloey during the laboratorv seasions to ensure as complete a
harmonization a5 possible from the technigcsl point of view. In spite of gll efforts in this
direction in previous exercisea, the human elewment had been found important, apd there was a neead
to analyse the reasons for and the means of correcting sueh variatiom. In explaining the ceneral
oreanization of the overall activity, including the relatioaship between the laboratory and meeting
sessions, he grated that experience so far had shown that contact betwaen seientists from differant
laboratories was considerably enhanced when thev sctuallv worked togather, as distinct from meeting
digcussions.

The results of the present exercise would have to be very carefully perused, In addition, the
twe main items for discussion were the results of rhe Oreek national intarcalibration exercise of
March 1984 and Reference Method No. 1 (Guidelines for monitoring the guality of coastal
recreational and shellfisb—growing areas) which had been extensively revised since its initial
draft presentation in November 1982. Apart from its review by the present meeting, this documant
was also being submitted to a number of Mediterranean institutioms for comments, The revizions
arising out of the present meeting would not, therefore, be considered as final.

3. Elaction of afficers (agenda item 3)

Ms 8, Sotiracopculos waa elecred Chairman, Dr Y. Yoshpa=Purer Viee-Chairman, and
Dr W, Krstulovic Rapporteur. Dr L.J. Saliba acted as Secretary to the meeting,

&, Adovrion of the agenda (asenda item 4)

The provisional acenda was unanimouslv adopted.

5. Review of orevious intercalibration exercises {Rome, 22-26 November 1982, Barcelowna, 7-11
November 1983) and of the national intarealibratieon held in Greaeee, (12-16 March 198%4) (agenda
items 3 and 6)

By unagnimous asreement, these two items were considered together.

Dr L.J. Saliba briefly outlined the proceedings of the intercalibration exercises held in Rome
{22-26 November 1982) and Barcelona {(7-11 Nevember 1983). The former was onlvy a sreparatary
exercise involving 12 partieipants, and was organized wmainly for the acguisition of sxperience. In
the Barceleoa exercise, the first in the current series, 28 participants attended (imcludivg 22
from Spain). In spite of the fact that the methodelesy was identical, there was a considerable
discrepancy berwsen individual resulta. This was partlv attributed to the heaavy floods which
ocourrad at the time samples were collected. However, it also served to underline the imperrance
of tha human element.

M3 3. Sotiragopoulos briefly presented the results of the Sreek national intearcalibration
exercise held in Athena from 12-16 Marech 1984 (docuyment LCPR/CEH QD1 mOL/7). Recresentatives of aix
institutions participated and a comparison of the MF and MPN methods wasz also made, Samples
included (a) high quality seswater, (b) moderately polluted seawater from an ares with intermittent

pallution, {c) seawater from a polluted area and (d) shellfish from a restricted area. A&s a resulr
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of the exercise, it was concluded that althouzh the MF and MPN methods for enumeration of TC, FC
and F3 did pot azlways vield exactly the same resulcs, it could be reasonably asgumed that both
methods were gdequate for establishine the aualitvy of geawatar, and should therafare bhoath be
recommended for use in the MED POL orogramme, taking their limitations into account. The gummary
report of the exercise is artached as Annex 1.

. Ravigw of drafer guidelines on monitering of coastal recreational and ahallfish-growing arveas
(agenda item 7)

Dr L.J, Zaliba briefly introduced document ICP/CEH 001 wOl/6. The current version wag mainlw

the result of comments and suggestions wade durioe the consultation meeting held in Rame in
Novembar 1982,

The meeting had no comments oun the overall lay-out of the documett. A number of comments and
guggestions were, however, made on specific points.

Daefinicions: The meatinz noted that the requirementa for ootential bacterial iodicators were
those oreviously recommended in the report of the group of experts jointly convened by WHO and UNEP
on Health Criteria and Epidemiological Studies related to Coastal Water Pollution [Athens,
1~4 Mareh 1977). 1t was felt, however, that these should be updated, preferably after reference to
a current vecognized text. In partieular, the meeting considerad that potential indicators should:

a) be congistently and exelusively associsted with the source of pathogens, and occasionaily
noxious substances;

b) be present in sufficient numbers withour proliferation to provide a reasonable estimation that
vathogens could be present and that a health risk mav exist.

It wag also aureed that in the definition of a water qualifv profaction standard, the main
factor to be taken inte account was the medical one when determining scceptability, and the
defipition should therefore be modified accordingly.

Area and problem identification: the mesting agraad that in hoth fact sheetsz and maps
vroviding deacriptiens of monitoring areas and sampling atations, only relevant itams should be
compulaory,

Sampling (genaral): it wasz considered bv 3 oumber of participants that examination of many
samples with g few important parametera was praferable to examination of less samples with more
parametars. The naed for svstematic sameling was emphasized, and the meeting agreed that the
actnal szampling period (i.e. time of dav) in the same station should not varv by more thap
2-3 hours, The actual omtimum sampling time depended on a4 number of factors, Two asppreosches ware
possible in the determination of the best time: (a) coincidence with peak use and (b) correlation

with the effacts of intermittent—flow sources, such as sewaze outlets., GSelection of sampling time

would depend on what particular approach was adopted in the light of information reguired. 1t was
agread that the standardization of all sampling stations would not be poasible in practice, thoueh
#ffores should be made to achieve the opfimum, The importance of sampling persponel having the
fulleat possible liaison and coordination with the laboratory respensible for apnalvtical
determinations (especially where different orzanizations were involved) was stressed by the meating,

Sampling point locations: the meeting conasidered that the exact locations of samoling points,
including the distance between rhem, rould not be specified from the overall viewpoint, as they
would vary with the individual beaech, the particular reguirements of each of which would have ro be
determined by the local authorities. Rezarding locatien relative te the shoreline, the criterign
should be depth, vather than distance from the shore. The critical part was that immediataly near
the shoreline, and those aveas where the water was 20-30 ¢m deep should be monitored.

Sampling frequenev: it was considered that during bathing seasons, heavilyv pooulated beachas

should be monitored at least once a week., 1t was noted that there was no generally accapted
definition as toe what in guantitative terms constituted a crowded or heavily populated beach. This
would have to be determined bv local authorities in eaech individual case.

Minimum monitoring: compulsorvy assancuraphic and metecorclogical parameters stould be limited
te those absolutely relevant. In this regard, wind and current dirsction during sampling rimeas
were considered as particularly important and should be recorded. In view of the fact that contaer
infectien could e even more important than intestinal iofection through ingestion, it was
considered that ope pathogen ¢ausing infeerion throueh coentact (selection depanding on local
circumstances) zhould he monitored if possible.
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Beach surveillance: the meeting considered that most menitoring organizations did not possess

the facilities in terms of manpower to conduct the full ranse of observarions listed im ehe Garber
clagsification, and that in any monitoring programne, oanly the most impoartant should be compulsory.

Extended monitoring: it was recommended that sampline should be extended to micrabial
axamination of (a) sand on beaches, and (b} sediments. In the latter case, a strict definition
should be provided. Sediments could be considered as the sea=boiftom material immediatelv beneath

the sampling area, and a suitable sampler capable of collecting tha upper laver of gediments should
bé recommended, In sampling of recreational beachea, double sampling should be practised, with the

selection of two particular depths, one freauented mostly by adults and the other by voung childran
and glderlv veople (who constitute the groupa most sugceptible to infection).

Most participants agreed that the list of pmathosens in this section of the document should
generally remain. However, it was suggested that:

- Aeromonas hydroohila should also be included as a paramater;

= funegi were very impertant as causative agzents of contact diseases, and special atrenriom
should therefore be accorded to pathocanic species;

= consideration should be given to the inclusion of Camovlobacrer, on which, however, much basie
study was still requirad;

- there was no justificarion for recaioing Shigella in the list of parameters svan for sxrandad
menitoTing.

The meating took note of the mandatory and optional parameters adopted by Mediterrvanean
Govermments for the mooitorine componant of MED POL Phase II, and recognized that the actual
pathogens and indicators to be determined would vary from country to countyy, as would the osrder of
priority for sach. The following cobservations were also made;

- Vibrio parahzemolyticus was invariably encountered in areas with po sewage pollutionm and no
correlation therefore existed. However, a number of participants considered it should reamain:

~ Clostridium perfringens could provide an indication of viruges, It could remain, but with
reservations as to its usefulness, as {a) it is not really pathogenic, and {b) its dateetion
in seawater is difficult;

- in congziderinz parasites, Giardia lamblia was at least as important as Entamoeba:

= a number of participants considered that high prioritv should be accorded to S2lmonellas and
even in wminimum monitering vrogrammes, if any sample showed more than 500 faecal coliforwms par
100 wl, tests for the possible presence of Salmonellas should be performed. Similarly,
Vibrios were considered by sowme participaots as cleose to Salmonellas in overall importance,
Lt wzs agreed, however, that no general priority ranking could be made;

- & differenciation could possibly be made batwean (a) pathosens of fascal arigin, (») pathosens
of non—faacal origin, and (¢) parasites. Ip this remard, it was recognized that some
vathogens would fall bekween the first two catesories;

- Cthe two moaf important pathogens to dertarmine in bivaelves, as distianct from seawater, were
Vibrio parahaemolyticus and Salmonellas.

The meefing did not discuss the section on statistical amalvsis. It was agreed that anv
comments on this patrt of the document could be made when the draft was circulated to Mediterranean
LnsCiERL1ons,

7. Review of results of intercalibration exercise {agenda item §)

The meeting diseussed the tesults of rhe intercalibration exereise, and agreed that this copuld
be considered as a success. All results were of very good quality and there was a verv significant
gorrelation between the tesults of individual participants, as well as betwesan thase and parailel
determinations carried out by the coordinators of the exercise. In additien, there was an eavally
hizh correlation between results obtained for boath faecal coliforms and faecal streptococeci bv the
MF avd MPN metheds, such correlatien being obtained with both seawater samples {polluted sund clean?
analysed.
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Although it was considered that the results were such as te practically obviate the need for
statistical analysis, such analvsis was carried out, Practical oroblems were, bhowever, encounterad
in view of the relatively small number of sameles. In this regard, althouzh the orimary aim of the
series of intercalibration exercizes was to obtain comparable results chrough harmonization of
methodologies, the meeting asreed that in future exarcises, consideration ecould be given to
planning the actual programme of work with a stacistician, and in particular, to detarmining the
minimum number of samples necessary to satiafy statisrical reguirements.

The detailed results of the intercalibration exercise and the conclusions drawn therafrom,
togaether with the instructipna and forms provided for participents are attachad as Anpex 2.

g. Future sction and recommendatioas {agenda item 9)

Apart from the observations made regarding the minitmum number of samples to be analvaed to
conform with normal statistical requirements, rhe mestine also considered that the current duration
(five daya) of the intercalibration exercises ahould be extended bv at least one day and vreferablv

mare, This would enable the more proper obaervance of tha statutorvy intervals between commencement
of the ineubation period and reading of the results, and would alse provide the necessary time for

statisrical analysis followed by thoroueh discussion of the results abtained.
The meetiog also recommendad that:

= the series of intercalibrarion exercises on microbiological parameters wikhin the framework of
the monitoring component of MED POL Phase II should be continued and axtanded to include new
parameters, especially pathogens:

= in view of the fact that many Mediferranean laboratories were using the multiple teat tube
(MPN) method, and also in the light of the c¢ortelation shown between Chis and the membrane
filtration eulture (MF) method, the reference methods utilizine the former techoiaue,
currently undaer development by WHO and UNEP, should be finalizad as soon as possible;

= Mediterranean acientiszts should participate to the fullest extent possible in the research
component of MED POL Phase II, especiallv in chose areas lepding to the updatineg of

mictobioloeical and related monitoring.

9, Other matters (agenda item 1Q)

Ariring from the results of the intercalibration exercises, thae various advantages and
limications of the membrane filtration culture (MF) and the multiole test tube (MPN) methods
respectively were discussed by the group. In particular, it stressed that, from experience, the MF
method did not provide accurate results when examiniangz heavily-polluted waters with a high pumber
of suspended particles, or hizhly eutrophicated waters., It was also recognized that both
techniques had been originally developed for drinking~water analysis, and their use for seawataer
posed a number of technical problems. In this rezard, the tvpe and gualicy of media used ware
important and a number of participanta considered that guality control of media should be included
in the referance methods, wsing the same microorgzanisms.

It was agreed that in Reference Method No, 3 (determinakion of faecal coliforms in seawater by
the membrane filtration culture technique) EC medium should be added co MacConkev and brilliant
L] . a -
grean at 44.5° C in confirmation tests.

The majority of participanta also considered that since the MF and MPN methods would bae used
interchangeably within the framework of the MED POL monitorine programme, thay zhould be bhased on
an identical principle of identification for selaction of the indicator organisms, namelv faecal
coliforms. The ability to utilize lactose and grow at &44.5° € should be the only micrebial
matabnlic process on which to base identification, since it exists in both methods, As the list
for indole production is vot included in routine monitoring using the MF rechniaue, it should he
omitted from the MPN procedure in order to remove an additienal ecompounding factor which would add
to any differences batween rasults obtained by the tws methods. In keeping with this, the chrase
"oroduce indole in tryptome warer confaining tryprophap at 44,5° C" in Refarence Mathod No, 3
should be deleted €rom the definition.
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Annex 1

SUMMARY REPORT ON THE CGREEK INTERCALIBRATION EXERGISE
Athens, 12=-16 March 1984

The activity was held from 121 to 16 March 1984 at the Ministrv of Phvsicsl Planning Housimg
and the Environment/Eanvironmental Pollution Control Projact - Arhens (PERPA). It was attended bv
1?2 agientists from six institutions from Athens, Theszaloniki and Ieannina.

The purvose of the activity was to enable the participants to conduct laboratory

determinations of bacterial parameters, vaing the same samples of seawater and shellfish and
following the same methodologies.

Monitoring of che cosstal water quality of recreational and shellfish—agrowing areas is aart of
the Greek MED POL Monitoring Programme (Phase II) submitted already to the Coordinatine Uait of
Mediterranean Acticon Plan (MAP).

4 number of referesce methodz for sampling and analvsisz of the three bactarial indicatsr
organisms (total coliforms, faecal coliforms, Esecal streptococei) have been prepared for use by
the Mediterranean Contracting Parties of the Barcelevna Conventien during the Extraordinary Meeting
of April 1984,

During the laboratory gessions, participants made determinations of the three bacterial
organigms (total coliforms, faecal eoliforms, faecal straptococci) in each of three different
seavater samplas (seawater of high quality, moderately polluted and polluted) and faecal coliforws
in shellfish samples.

For the shellfish microbiological amalysis the Most Probable Number (MFN) method was used,
since this is the only one that can be applied. (WHO/)UNEP Reference Method, Marine Pollutign
Studieg, No. 5, Rev. 1).

For geawater samples both the MPN and MF technidues were used. As far as the MF technique is
concerned, the participants have used the WHO/UNEP Reference Methods, Marine Pollution Studies,
Ne. 2, Rev. 1 (total coliforms), No. 3, Rev. 1 (faecal coliforms) and Wo. 4, Rev. 1 (fascal
streptococcil. Regardine the MPN techpigue different media were used for intercomparisen.

- It waz found that, using identical samples and standard methodnlogies, the results had ao
statistically significant differences.

= It must be noted that both MPN and MF methods mav be used for seawater analysis buf each
method has several advantages, dizedventages and limitacions. Consequently, a general
usafacceptance of both wathods does nob seam to be aporovriate for all aualities of seawster,
S0, heavily polluted waters with a high number of susvended particlea or highly eutrapbicated
{alzae) waters cannot be examined by the MF technique, while the same holds true for the MPN
mathod for sesawater containing toxic substances from industrial effluents.

During the meeting sessions, the participants discussed the progress and results of Fhis

laboratory exercise, as well as 2 oumber of technical points. The results of the intarcalibration
exercise held in Rome in November 1982 were alas taken into consideration.

Recommendations

The particivaunts agreed upon the follewine points and recommended:

- to ensure comparability of rvesults and quality control, the MED POL Intercalibracion Exercises
should be regularly conducrted, especiallv if new parameters are added or new methods are
pronosed for use:

= the veference methads for the MPN (total coliforms, faecal colifarms and faecal straprococci
in seawater! shauld be comnlated by WHO/UNEP, reviewed by the Mediterranean scientists and
adooted for use as soon as possible;

- scieariscs should be encouraged to particivate in the research component of MRD POL, Phase II,
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Annex 2

RESULTS OF INTERCALIBRATION EXERCISE
Atheng, 15-29 June 1984

Introduction

The purpose of the activity was to enable participants to cartv out determinationa of
microbial concentrations in the same samples of seawater by uniform methodelogy and to compare
results obtained (a) between individual varticipants for each parameter (toral coliferms, fascal
cobliforme and faecal strevtococci) and (b) between the two methods (membrane filcration and
multiple test tube) utilized for the latter two parameters.

Organization amd methodology

Participanta were divided into five groups of three, Two samples of seawater were analysed by
each groun: samole A from a naturally contaminated beach, and sample B from a clean beach., The
original sample containers, each of 10 litres eapacitv, were thoroughly shaken and in both casas,
aliaquots of approximately 300 ml of water were pourad into each of 5 bortlas which served aa
apalysis specimens for the groups of participants,

Every sample was examined for total coliforms (TC) by the multiple reatr tuba (MPN) method and
for fascal colifarms (FC) and faecal streptococei (FS) bv both the MPN gnd the membrane filtratioo
{MF) culrure metheds,

In the case of MF, the methods emploved were the reference meathods recommendad 4y WHO/UNEPR,
However, in arder to save time and labour (considerime the rastrieted duration of the axercisa) and
to achieve a better uniformity, the dilutions from each sample were prepared in guantities large

enouzh to suffice for all inoculations and filtrations {45 ml phoaphate buffer pluas 5 ml of sample
water, atc.),

Inseulation and filtration were done on a grour basis. However, results wers read by each
individual in the group as well a3 by the coordinater of the axarcise. Whare caloany counts on the
Eilters obteined by any individual participant varied by mere than 2 to 3 colonies from those of
the coordinator, counts vere repeated togerther in ardar ro astablish the source of variation. all
counts were performed with magnifyineg zlasses and, where necessary, verified with a zaom
aterenscoplc mMicroscone.

In the case of MPN, the methods emploved were as described in "Standard methods for the
examination of water anmd wastewater", 13th adition, 1980 (APHA-AWWA-WPCF). Howevaer, confirtmacory
tests had to be limited te 24 hours (instead of 48) in order to achieve collection of the final
data one day before the end of the mesting, thug anabling their proper analvais prior to thorough
and detailed discussion during the c¢losing session,

Throughout the exercise, checks were made, to the fullest extant poaasible, oo the procedura
and readings of each individual varticipant during each atep, in order to note where errovs and
deviations could be made which might lead to variations in results grester then theose inherent in
ttie methods per se, Attempts were also made te discuss everv observation or error made by aach
individual participant, so that all participants would obtain maximum benefit from the axercise.

The detailed instructions given to participants, as well as the forwms prevared far each
parametar, are given in Appendix 1. These insfructions had co be modified insofar as;

- the originally planned three samoles of seawatar had re be raduced to two {samples No., it and )
- anglysis of raw sewage and shellfiah flesh could not be undertakan,

The above modifications were neceasary becanse of the time factor (i.e. the limited duration
af the exercise).

Results and discussion

Individual readines on membrane filters as well as calculations of orzanism densities based on
them are gziven in Tables 1 and 2 for faecal coliforms and faecal streptocoscei respectivelv. These




TR

ICP/CEH 001/m0l
48621
cage 9

tables show that individual counting of colonies within each group were in close agreament both
between themselves snd with readings obtained by the ecoordinator. There was also a similarlv szoad
agreement befween readings obtained bv differemt groupns, indicating that the dilutiong were
corvectly parformed.

The aumbers of organisms monitored in each sample by the five groups are summarizaed in Table 3,

Sample A; Four groups estimated the most nrobable number (MPN) of TC Zt batween 1.7 x 10%
and 3.5 x 10 per 100 ml, and that of FC, at between 1.7 x lD4 and 2.4 x® 107 per 100 ml. One
Zroup esbimated 1.6 x 105 per 100 ml for both TC and TC. This was probably due to a ¢lump of
bacteriz in their sample breaking up by the additienal shaking of the specimen before and during
dilution. As the confirmatory tests for both orpanisms are inoculated from the same tubes of the
presumptive test in lactose broth and the organisms are usually identical, the reault can be
considered reasouable.

With the MF method, however, resadines for the five groups ranced from 2.1 x 104 to
3.6 x 10% FC per &00 ml when the numbers of colonies on 1l ml and 0,1 ml filters weare averaged,
and from 3.5 x L0%* to 4.7 x 10% FC per 100 ml when only 0.1 ml filters (which zava
30-50 colonies per filter) were considered.

The five groups estimated the number of F3 withip the rasge of 1,1 x 10% to 3.5 x 10% per
L00 @l by the MPN procedure and 2.2 x 10% to 2.9 x 10% per 100 ml by the MF (0.1 filter
results).

3ample B: All results obtained indicated the clean quality of the warar. Mast of them showad
less than 10 organisms of each group per 100 ml., The acrual number of FS was nrobably less than
that indicated by the MF method in Table 3, 23 four out of the five resultas were based on 1 to
5 colonies on 10 ml filters,

Conclusions
In general, it can be considered that eaking into account all the variations and sources of

deviation inherent in each of the methods, the agreement between results of individual groups and
between those determined for the two methods (MF and MPN) was very good,
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Table 3

Summary of results obtalned by the five groups that participated in
the intercalibrarion exercise, Athans (25-29 June 1984)

Two samples of water were monitored by each group {(aliquots of the same bulk samples:
A ~ polluted water, B — clean water. TC were monitored by MPN only. FC and F5 - by MPM
and MF methods.

Group I Group IT Group IIT Group IV Group V
TC/L00 ml
A 3,5%104 2.ax104 1.7%104 1.6%105 2.4x104
HMPN
B 3 : L2 2 9 ! 2
| |
FC/100 ml
MPN A 2.4%104 1.7x104 1.7x104 1.6%105 ; 2.4x104
MF 2.2x104 2,4x104 3.6%104 2.1x104 2.1x104
3.5X104 1.9x104 4.2x104 3.0x104 | 3.5x.04
i ‘
MPN B 8 | 42 2 2 ; 2
MF £10 | 410 410 £10 | 2
| i
i |
FS/100 ml } !
MEN A 2.4x104 ! 3.5x104 1.7x104 . 1.1x105 | 2.4x%0%
MF 2,0x104 2.3x104 2.2x104 . 2.4x104 | 2.4x104
2.4%104 | 2.8%104 2,2%104 2.9x0¢ | 2.7%104
MBN B 2 2 £2 C2 bl
MF 10 10 30 130 i 25

a2 - Calcularion based on average of readings on 1 ml and 0.1 ml filrera.

b - Caleulation based reading of 0.1 ml filters alome, which is more correct since
only these filters had 20-80 colonies.
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Appandix 1

INSTRUCTIONS TO THE PARTICIPANTS
Purpose

The purpose of the present intarcalibration is for the varticipants to carry ocut laboratory
determinations of bacteriological parameters in the same samples of seawater and shellfish using

prescribed methodelogies.

The membrane filtration technigue (MF) Annex 1 and the mulriple test tube tachnique (MPN)
Annex 2,

Samples

No. 1 Seawater of wigh quality

No., 1 Moderataly polluted seswater from an area with intarmittent pollutian
No. 3 Seawater from a polluted agrea

No. 4 Raw sewdpe

No. 3 8hellfish from & restricted area

Pracedute

The sample test amount should be prepared for filoration or ineculation accoerding te the
degrae of pollution of sample medium using phosphate buffer,

Selection of sample size and dilution geries

Sample test amounts

Multiple tube (MPN) Membrane filfration
Raw sewage 1072 1073 107% 1075 1076 1072 1073 107% 10
Poiluted water 10 1 10"t 1072 1073 10 i 1071
Clear water 10 1 1=t 100 10 1
Shellfish 10 1 1o~t N/A

Praparation of the dilution series

Label all tubes and Patri dishes sccording to sample pumber and dilution.

Before taking aliguots from the original sample or from the dilutions these must be vigarously
shaken in order te guaraotee that representative aliduots are taken,

Prepare the dilution series by taking with a sterile pipette after vigorouslvy shakiuve the
sample 1 ml from the original sample and transfer this | ml inte 2 test—tube containing 9 ml of
phosphate buffer to wmake the first dilutiom (D=-1).

Aepitate the tube vigzorously by hand. Continue the preparation of the dilutien series by
taking 1 ml from the firse dilution (D~1) and wmixing it in & new test tube containing 9 ml of

ohosphate buffer in oardar to obtain the second dilutiem (D=2} and =zo on.

Membrane filtration

Begin filtration with the bighest dilution in arder to avoid contamination From samples
containing bacteria of higher econcentrationa, Use a starilized filtration funnel for esach sample.
Place the presterilized MF with flamed sterilized forceps over the porous plate of the filtracion
apparatus. Carefully place the macching funnel uynit over the receptable and loeck it in place. Add
inte the funnel abour 20 ml of phosphate buffer solution for fileration. With & sterile 1 ml
pipette add 1 ml of last dilution into the phosaphate buffer selution in the funnal,
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Reaulka

Enter results in approoriate forms

Seawater
L. MF : Faecal coliforms
2. MF ; Faecal streptococci
3. MPN: Tatal coliforms
4, MPN; Faecal coliforms
5. MPN: Paecal atreptococei

Shellfizh
f. MPN: Taecal coliforms

Calgulate results uging Tables 1 and 2,

REMARKS
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Appendix 1, Annex 1
OUTLINE SUMMARIES OF REFERENCE METHODSE, AS MODIFIED
Faecal coliforms in seawater (Reference Method Wo.3)
Matheod: Membrane filtration
Medium: m-FC agar with resolic acid (oot autoclaved)
Incubation temperature:  44.5 + 0,2°C (water bath)
Time: 24 hours
Colour of colonies: Blue
Confirmarion: Acid and gas on MacConkey broth 24 houts at 44.3 + 0.2°C or
Oprional: gas on brilliant green bile broth 24 hours at 44.5 + 0.2°C and Indol +
(Tryptone water incubated for 24 hours at 44,5 * 0.2°¢)
Faecal straptococel in seawater (Reference Merhod Mo, 4)
Method: Membrane filcration
Medium: KF agar with TTC (not autoclaved)
Incubarcion cemperature: 36 + 1°C (air incubator)
Time: 48 hours
Coleur of colonies: Pink te marcon
Confirmation; Bile solubility
Outional: Growth = at 45°C
« gt o 9.6
- in 6,3% NaCl
Faccal coliforms in bivalves (Raference Methed Na,5)
Method; MEH
Medium and incubatisa: Presumptive test: lactose broth incubated at 36° + 1°C for 48 hours

Confirmed test: MacCankey broth or brilliant green hile broch 2%
incubated at 44.5 + 0.2°C for 48 hours and Trvotone water for Indole test
incubared ar 44.5 + 0.2°C for 24 hours.
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Appendix 1, Annex 2

QUTLINE SUMMARIES OF REVERENCE METHODS, AS MODIFIED

Total coliforms in sesgwater

Mathod: Multiple Teat Tube Teachwvique

Madium; Pregsumptive Test. Lactose broth.

incubation temperatura: 36 + 1°C

Time: 48 + 3 hours

Medium; Confirmed test briliiant green bile broth 2%

Incubation temperatura: 36 + 1°C
Time: 48 + 3 hours

Faecal coliforms in geawater

Maethaod: Multiple Test Tube Technigue

Mediom; Pregumptive Tast, Lactose broth,

o

Ingubation temperature: 3r1C

Tima: 48 + 3 hours

Medium: Confirmed Taat E.C, medium

Incubation tamperature: b4t 03 * 0,2°¢
Time: 43 + 3 hours

Faecal streptococci in ssawater

Method : Multinle Test Tube Technique

Medium, Freaumptive Test azide daxtrose broth
Incubation temperature; 6 o+ 1°¢c

Time: 48 + 3 hours

Medium; Confirmed Test EVA broth

Incubation temperatura : 36 + | C

Time: 48

3 hours

i+




ICP/CEH 0CLl/m01

1521 GEUM U0 puodag

48621

1UF1 R MEAYDOD JELT.

g 2anicad LELCI ot ]

§2F185 uotinilp Jo usrivledsid =yl 1o0J swarog

¢ 2andty

AW uo aTdues

jeujsiio jo W O H

LA A

R T U

m~m5mm 1834

2Inpasold uUeIIRAITI] Ayl Jjo pue
£87195 UOTINTTIP Jo uoTieiedald Jo awaydg

1 2an314




ICP/CEH 001/mO1
48621
page 18

MULTIPLE TUBE FERMENTATION TECHNIQUE: Bacterial Density "

Table 1. MPN Index and 95% confidence limits for various

combinations of positive results when Five rubes are used
for dilution (10 ml, 1.0 ml, 0.1 ml)

MEN 95% Confidence MPN 95% Confidence

Combination  Index limits :+ Combinatien  Index limits
of pogitives /100 ml i of positives /100 ml

Lower Uppar : Lowear Upper
G-0-0 <0 - - 4=2=0 22 7 67
Q=0=1 2 <0.,5 7 : 4—2-1 26 9 78
0=1=0 2 <0.5 7 : 43— 27 9 90
3-2-0 4 <0.5 L H 4=3-1 13 11 53
: 4=4=0 34 12 21
1=0~0 2 “0.5 7 : 5—0=0 23 7 70
1-0-1 4 0,5 11 : 5=0=-1 3l 11 89
1=1=0 & <0.5 11 : 5=0~2 43 15 110
1-1-1 & <0.5 15 H 5-1-0 13 11 93
1-2-0 ) <0,5 15 : 5=1-1 46 16 120
: 5-1=-2 63 21 150

2=0=0 3 0.5 13 : 5=2=0 49 17 130 v
2=-0-1 7 1 17 H 5-2-1 70 23 17¢
2-1-0 7 1 17 : S5=1=2 9% 28 220
2=1-1 9 2 21 : 5=3-0 79 25 190

2=2-0 9 2 21 : 5-3-1 110 31 250 -
2-3-0 12 3 23 H 5=3=2 140 37 340
3~-0=0 8 1 19 : 5-3-3 180 4 500
3-0-1 11 2 23 : 5-4—0 130 35 300
3-1-0 11 2 25 i S5-4-1 170 43 490
3-1-1 14 4 34 H Sl ? 220 57 700
I=1~0 14 & 34 : S-4~3 280 90 250
I=2=-1 17 5 46 : S=d=4 350 120 1000
4-0-0 13 3 31 H 5-5-0 240 68 750
4=0=1 17 5 45 : 5=5=1 350 120 1060
4=1=0 17 5 46 : §=5=2 540 130 1400
4=1-1 21 7 X ] H Sm5-3 920 300 3290
4-1-2 26 9 78 i 5-5~4 1600 640 5800
: o 5=5-3 2600 - -

Source: Standard Metrhods l5th-Ed. APHA
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Form 1
SEAWATER

Number of celonies per individual filcer

Number of faecal
coliform colonies per

RDilution filter in replicate dilutieon
Replica
lag Znd Average

D -0 100

D -0 10

D=0 1

D=1 0,1

D -2 0.01

D -2 0.001

D~ &4 0,000]

Number of faecal coliforms/l00 ml sample

Dilutions

n/100 ml

Test result:

faeeal coliforms/100 ml zamples

Anomalias obaerved in the test procadure:

Team HNo.

Names of participants:

Date .iuviiivnnennna Pr et i e
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Form 2

SEAWATER
Number of colonies per individual filter

Number of faecal
streptococcus ¢olonies per

Dilution filter in replicate dilutien
Replics
lsz 2Ind Average

D -0 160

o0 -0 111

D=0 1

oD -1 0.1

D-2 0.01

D~3 0.001

D -4 0.0001

Humber of faecal streptococci/100 ml sample

Dilutions n/100 ml

Tast regsult: faecal streptacocci/100 ml samples

Anomalies observed in the test procedura:

Team No,

Wames of participants:

----- R R N R R R R
R N AR F 4 b bk ke v

----------- L N LR EE TR
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Annex 3
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pr ¥.G, Goufa
Central Public Health Laboratories, Athens, CGreege

br N. Dimopoulos
Department of Biology, University of Patras, Greece

Mz E. Ipannou
Ministry of Health, General Analytical Laberatery, Akrepolis, Cyptus

Professor V. Katsouyanaepoulos
Dapartment of Hygiene, Medical Sehool, Univeraity of Ieannina, Greece

br V. Krikelis
Enterovirus Laboratery, Institut Pasteur Hellenique, Athens, Greece

Dt N. Kratulovic
Institute of Ocesnpgraphy and Fisheries, Split, Yugoslavia (Rapporteur)

Dr &. Manes
Director, Public Healrh Directorate, Ministry of Health and Welfare, Athens, Greece

Dr A. Mates
Ministry of Health, District Publie Health Laberatoery, Haifa, Israel

Ms A, Mavridou
School of Hygiene, Athens, Greece

Dr A. Mourmouris
Ministry of Physical Planning, Housing and Envircoment, Athens, Greece

Professor J,A., Papadakis
Department of Bacteriology, Athens School of Hygiene, Athena, Greece

Professor G. Papaevangelou
Arhans School of Hygiene, Athens, Greece

Dr M. Papapettopouloeun
Department of Hygiene, University of Patras, Greece

Professor J. T. Papavasailiou
Central Health Council, Arhens, Greece

Mr F. Portelli
Pyblic Health Labpratory, Department of Healrh, Valletta, Malta

Nr C. Rishardson (Statiscieiam)
Athens School of Hygiene, Athens, Greece

Mr M. Sabatalkakis
Ministty of Health and Welfare, Department of Sanicary Environmental Protection, Athens, Gresce

Ms 3. Setiracepoulos
Envivonmental Pallution Control Project, Athens, Greece (Chairman)
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Ms D. Spala
Environmental Pollutien Confrel Project, Athens, Greece

Dt G. Stathopoulos .
Laboratory of Hygiene, Medical School, University of Thessaloniki, Greece

Dr M. Thaelassinou-Tzatzani
Central Publie Health Laborateries, Athens, Greece

br E. Yianniou
Waker Sewage Corporatiom, Athens, Greace

M3 A. Yilmaz
Middle East Technical University, Department of Marine Sciences, Erdemli, Turkey

Dr Y. Yoshpe-FPurer
Director, The Dr A, Felix Publie Health Laboratory, Ministry of Health, Tel-Aviv, Israel
(Vice~Cnairman)

REPRESENTATIVES OF OTHER ORGANLZATIONS

Unifed Nations Environment Programme (UNEP)

Dr F.5. Civili
Marine Scientist, Ceordipating Unit for the Mediterranean Action Plan, Athens, Greece
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Regionzl QOffice for Europe

br L,J, Saliba
Senior Scientiset, WHO/EURD Project Office, Coordinating Unit For the Mediterransan Action

Plan, Athens, Greece (Secretary)




