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1. INTRODUCTION

As part of the Co~ordinated Mediterranean Pollution Monitoring

and Research Programme (MED POL - PHASE I) data were collected on
the quality of the Mediterranean environment. In evaluating the
data collected through pilot projects, in particular MED POL II
Baseline Studies and Monitoring of Metals, Particularly Mercury and
Cadmium in Marine Organisms, and MED POL VII: Coastal Water Quality
Control, the formulation of selected environmental quality
criteria, applicable for the Mediterranean Sea, betame possible.

In this connection the Intergovernmental Review Meeting of
Mediterranean Cocastal States and the First Meeting of the
Contracting Parties to the Convention for the Protection of the
Mediterranean Sea against Pollution and its Re{?ted Protocols
(Geneva, 5-10 February 1979) recommended that:=

"Work should be continued on the development of the
scientific rsticnale for the criteria applicable to the
quality of recreational waters, shellfish-growing
areas, waters used for aquaculture, and seafopod. Based
on this ratiocnale and taking into account existing
national provisions and international arrangements and
agreements, the criteria should be formulated on a3
scientific basis and submitted to the Governments and
the EEC for their consideration.”

Furthermore, the Protocol for the Protection of the Mediterranean
Sea against Pollution from Land-Based Sources, adopted at the
Conference of Plenipatentiaries of the Coastal States of the
Mediterranean Region for the Protection of the Mediterranean Sea
against Pollution_from Land-Based Sources (Athens, 12-17 May

1580) stipulates Z thats

"l. The Parties shall progressively formulate and
adopt, in co-agperation with the competent
international organizations, common guidelines
and, as appropriate, standards or criteria
dealing in particular with:

€5 0 85 580N IS e PR PRI IP R RSP IOETRINOIRY ST

(c) the quality of sea-water used for specific
purposes that is necessary for the
protection of human health, living resources
and ecosystems;

(AR R R NENENNEREIEN I NI I NN IR IR IR NN SR A

Y UNEP/1G.14/9, annex V, paragraph 13.

2/
= Protocol for the Protecticn of the Mediterranean Sea against

Pollution from Land-Based Sources, article 7.
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2. Without prejudice to the provisions of article 5
of this Protocol, such common guidelines,
standards or criteria shall take into account
local ecological, geographical and physical
characteristics, the economic capacity of the
Parties and their need for development, the
level of existing pollution and the real
absorptive capacity of the marine environment."

In response to the cited recommendation and provision contained

in the Protocol the draft envirommental quality criteria
contained in this document have been prepared by:

- WHD for environmental quality criteria for recreational waters
and for shellfish growing areas; and ‘

- WHQ, FAQ and UNEP for envirommental quality criteria for
mercury in seafood.

This document, and particularly the rationale used in drafting the
proposed criteria, the scientific evidence supporting this rationale
and the applicability of the proposed criteria, should be revised by
the Working Group for Scientific and Technical Cooperation before it
is submitted to the Contracting Parties at their forthcoming meeting
for their adeption and application.

2. ENVIRONMENTAL QUALITY CRITERIA FOR RECREATIONAL WATERS

In the light of the definitions put forward at the United Nations

Conference on Human Enviromment in Stockholm 1972, the following

definitions could be drawn up in the context of recreational water 1"
quality criteria.

Water quality criterion is defined as a quantifiable exposure-effects
relationship between the density of an indicator in the water
concerned and the potential human health risks involved in using that
water. On this relationship a judgement on the water quality can be
based.

Health effects water quality indicator is defined as

a2 microbiological, chemical or physical parameter which indexes the
potential risk of infectious disease coincident with man's use of

the aquatic environment as a source of recreation. Ultimately the best
indicator will be the one whose densities correlate best with associated
health effects. It can be selected therefore only on the basis of
epidemiological analysis.
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Water quality standard is an acceptable maximum level for the density

of the indicator in the water associated with unacceptable health
risks. It derives from the water quality criterion., The concept of
acceptability implies that social, cultural, economic and political,
as well as medical factors are involved, and that these factors may
vary in both time and space.

Existing national provisions and international arrangements and

agreements relevant to the Mediterranean

While the need for water pellution control in the Mediterranean
countries is being increasingly recognized, and specific legislation
is under consideration in the majority of these countries, only a
limited number of them have issued norms or standards on recreational
water quality up until naw.

Table I summarizes the available information on existing or proposed
standards dealing with recreational water quality among individual
Mediterranean countries.

As Table I illustrates, recreational water guality sitandards among
Mediterranean countries show a considerable variation, as much in the
type and numerical values of the microbiological indicator used, as in
the specified frequencies considered for sampling and compliance with
the standard. This disparity makes difficult, if not impossible,
comparison between the obtained results and the quality of the
relevant recreational waters.

An effort towards the development of an internationally harmonized
approach has been made by the European £conomic Community (EEC). In
this context, the Council of the European Communities (EEC 1978)
adopted in 1975 the Directive concerning the gquality of bathing
water. The Directive takes intso consideration the physico-chemical
and microbioiogical parameters applicable to bathing waters, the
minimum sampling frequencies, and the reference methods of analysis
for the proposed parameters.

EEC's Member States shall take all necessary measures to ensure that,
within 10 years following the notification of the Directive, the
quality of bathing waters conforms to the limit values set in
accardance with Article 3 of the Directive. Furthermore, Member
States shall, four years following the notification of the Directive,
and at regular intervals thereafter, submit a comprehensive report to
the Commission on their bathing water and the most significant
characteristics thereof.

The microbiclogical parameters considered by the Directive are: total
coliforms, faecal coliforms, faecal streptococci, Salmonella and
enteroviruses, (Table II). Bathing water shall be deemed to conform
to the relevant parameters:
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if the samples of that water, taken at the same sampling point and at
the intervals specified in Table II, show that it conforms to the
parametric values for the quality of the water concerned, in the case
of:

- 95% of the samples for parameters correponding to those specified
in column "I of Table 1I;

- 90% of the samples in all other cases with the exception of the
"total coliform” and "faecal coliform" parameters, where the
percentage may be 80%.

and if, in the case of the 5, 10 or 20% of the samples which do not comply:

~ the water does not deviate from the parametric values in question
by more than 50%, except for microbiclogical parameters, pH and
dissolved oxygen;

- consecutive water samples taken at statistically suitable intervals
do not deviate from the reievant parametric values.

France, Greece and [taly are members of the European Economic
Community (EEC), and as such are bound to comply with the
provisions contained in the EEC Council Directive concerning the
quality of bathing water.

Considering the usefulness and the necessity to harmonize the
evaluation of pallution in the Mediterranean, a similar effort was
undertaken since the early stage of the MED POL VII Project.

To that end the World Health Organization (WHD), and the United
Nations Environment Programme (UNEP), within the frame of WHO/UNEP
pilot project on Coastal Water Quality Control in the Mediterranean
(MED POL VII) convened a Group of Experts in Athens in 1977 to
initiate a scientific study concerning health criteria and
epidemiological studies related to coastal water pollution (WHQ/UNEP,
19773).

The purpose of the meeting was:

- to review the epidemiological factors and health criteria on which
quality standards for recreational and coastal waters are based,
and

- to develop a methodology for epidemiological research programmes
intended to provide reliable data for practical application,

After examining the available evidence, the Working Group came to the
conclusion thalt there was not as yet enough epidemiclogical basis for
recommending changes in the conclusions reached by the WHO Working
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Group on Guides and Criteria for Recreational Quality of Beaches and
Coastal Waters (WHQ, 1975). Thus the following interim water quality
criteria were adopted: "Highly satisfactory bathing areas should,
however, show E. coli counts of consistently less that 100 ml, and to be
acceptable, bathing waters should not give counts consistenly greater
than 1000 E. coli per 100 ml".

The Working Group felt that, while it may be justified that water
quality control at existing recreational facilities be based on the
more lenient criterion of 1000 E. coli per 100 ml limit, the more
strict value of 100 E. coli per 100 ml should be considered for new
recreational facilities, and for long-term decisions on water quality
management involving large investments.

The Working Group felt that the above numerical limitation of 1000 E. coli
should be more closely defined statistically, and recommended the
following expression:

No more than 10% of at least 10 consecutive samples collected
during the bathing season should exceed 1000 E. coli per 100 ml.

Quality of recreational waters in the Mediterranean

Implementation of MED POL VII has been a main step in the effort by
Mediterranean countries to study and evaluate the guality of their
recreational coastal waters. The overall abjective of MED POL VII was
to obtain statistically significant data, scientific information and
technical principles required for the assessment of the present levels
of coastal pollution as it concerns human health.

A total of 30 collaborating centres from l4 Mediterranean countries
have participated in the project, lasting from July 1976 to March
1981. Though a significant number of Mediterranean coastal areas
devoted to bathing and swimming were included in the project, they
cannot be considered as fully representative of all the coastal waters
used for recreation. In this respect, the proposed Long-Term
Pollution Monitoring and Research Programme (MED PCL - PHASE II)
should include coastal zones with a more representative geographical
distribution, as well as with a larger coverage of the population
concerned.

The general adoption by participating institutions of common microbial
indicators, as well as of the sampling, analytical and interpretation
techniques, has been a substantial step forward for promoting
harmonization, reliability and comparison of results. Furthermore,
the extensive exchange of views held on practical and methodological
aspects of monitoring have undoubtedly contributed to increasing the
degree of reliasbility and comparability of the results obtained.
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More specifically, the proposed "interim water quality criteria for
recreational waters" were considered as reference values with which to
compare experimental results. In practice, E. coli concentrations
were considered equivalent to faecal coliform concentrations.
Considering that the faecal coliform group includes E. coli, and that
preliminary results showed faecal coliform colonies grown on membrane
filters as being E. coli colonies, the practical equivalence adopted
wag considered satisfactory.

The reports submitted by the Principal Investigators of the
collaborating institutes participating in MED POL VII have provided an
overall picture of the water gquality of Mediterranean recreational
areas. Available results indicate that the large majority of the
areas monitored satisfy the proposed interim gquality criteria for
recreational waters.

However, a consistent application of the EEC microbiclogical
requirements for the waters in two of the Mediterranean coastal aress
studied showed little compliance. The limitation imposed by the 500
total coliforms per 100 ml not to be exceeded in 80% of the samples,
and particularly the one imposed by the 100 faecal coliforms per 160 ml
not to be exceeded in 80% of the samples, were the decisive factors
which determined aleone the classification of a water sampling station.

In the same areas, it was found that the standard deviations af the
concentrations of the three indicators approach quite closely that
implied by the "proposed interim quality criteria”, while it is notably
different to that implied by the EEC requirements.

Future experimental resulis gathered by the Mediterranean countries
through the MED POL - PHASE II should be analysed, to further
investigate and evaluates the possible reasons for the above
differences in practical interpretations of microbiological data.

The statistical approach adopted for interpreting microbiological data
from coastal waters has allowed a systematic evaluation of water
quality with respect to the proposed interim criteria. Among the mest
interesting results derived from the use of this approach, is the
validity of the applied hypothesis that microbiological water quality
at a given sampling station, for a period of several weeks, follows a
lognormal probability distribution with a range of standard deviations
far more limited than initially expected. (Mujeriego, et al. 1980).

A detailed analysis of microbiological data collected at 250 sampling
stations surveyed by 9 collaborating institutes shows that:

- a lognormal probability distribution provides an adequate
interpretation of the experimental data;
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- graphical adjustment of the model offers superior and more
meaningful characteristics than a numerical treatment of the data,
and

- standard deviation at a given sampling station, in terms of natural
logarithms of concentrations, varies within the narrow range of 1 to
3, with most of the values ranging within the interval of 1.5 to
2-0.

The above gtatistical approach is applicable regardless of the
microbial indicator used, the analytical method employed, or the
season of the year covered.

Earlier observations on this statistical behaviour of microbiological
water quality (WHO, 1975;WHO/UNEP, 1977b) has been further confirmed
by experimental results reported by MED POL VII Principal
Investigators as well as by researchers (Gameson, 1980) studying
microbiological data from other ceastal areas of the world. The
available evidence emphasizes the great interest of this observation,
particularly for the intrinsic implications it has on the water
quality standard setting process.

Seientific rationale and relevant considerations for the

establishment of quality criteria applicable to

Mediterranesn recreational waters

Studies carried out within MED POL VII have pointed out the need for a
thorough analysis of the scientific and technical information
available on which to base standards for coastal water guality.
Accordingly, the attention of scientists participating in MED POL VII
has been focused on discussing and elaborating the scientific
rationale, and the relevant considerations needed for the
establishment of water quality criteria applicable to Mediterranean
coastal waters, specifically as regards public health protection.

Though the available literature in the field contains a considerable
number of contributions, particularly dealing with the analytical
methods and the adequacy of the variocus microbial indicateors, their
conclusions are sometimes contradictory, apparently due to the
specific conditions in which the studies were done.

As a result, the discussion that fcllows has given great attention to
experimental results reported by investigators working on
Mediterranean coastal waters, while keeping in perspective the
relevant information available in the literature.

The approach given teoday to the process of developing water quality
criteria is that specific consideration be given, at least, to the
following aspects:
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the type and nature of the quality indicator;

the indicator concentration not to be exceeded;

the analytical methods involved;

the method and the frequency of sampling;

the frequencies of compliance for a given indicator concentration;
the interpretation method, and

all additional factors peculiar to the water mass and to the
beneficial uses considered.

summary discussion af each of the above aspects 1s given below:
(1) Quality indicator

The assumption that discharges of animal and human faecal wastes
into water bodies used primarily for recreational purpases, bathing
and swimming, are a source of potential public health hazards, has
developed historically intoc the search for a microbial indicator
capable of characterizing the risk involved in the intended use of
the water.

The coliform groyp was originally selected, in accordance with both
analytical methodolaogy and field experience available. Better
understanding of the source and significance of the different
components of the coliform group brought about the consideration of
the Ffaecal coliform group, and particularly of E. coli, as a better
quality indicator for recreational waters. Development of
analytical technigues as well as of knowledge on ecological
behaviour of faecal microorganisms has shawn the interest in
considering other microbial indicators, among them some pathogens,
such as faecal streptococei, Clostridium perfringens, Pseudomonas

aeruginosa, Salmonella, and selected enteric viruses and bacteriophages.

Potential microbiological quality indicators, relevant to public
health, should fulfil the following requirements:

- be consistent and exclusively associated with the source of
pathogens of concerng

- be present in sufficient numbers to provide an accurate density
estimate whenever the level of the pathogen is capable of
producing a detectable effect;
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- approach the behaviour and resistance, under disinfection and
environmental stresses, of the most resistant pathogen expected
to be present at significant levels in the source;

- be identifiable and quantifiable by reasonably easy and
economical methods, with sufficient specificity, accuracy and
precision.

As a practical compromise between the general conditions of most
laboratories in charge of microbiclogical control of coastal water
quality, and the alternative indicators available, faecal coliforms
and particulary E. coli have been considered as the most sensitive
indicators of the degree of sewage pollution (WHO, 1975), and have
been subsequently proposed for routine monitoring of coastal water
quality within MED POL - PHASE LI (UNEP, 198la).

Recent epidemiological studies carried out by the United States
Environmental Protection Agency (USEPA, 1980) and by two MED POL VIL
collaborating institutes, Malaga and Tarragona, (UNEP, 1981lb)

have indicated a potential interest on faecal streptococci

as an additicnal water quality indicator for public health
protection.

The results of the epidemiological study conducted by the USEPA
(1980) can be summarized as follows:

1. Gastrointestinal symptoms and, to a lesser extent, fever were
found to be both swimming-associated and pollution related.

2. Faecal streptococci and, to a lesser degree, E. coli are the two
gquality indicators that best correlate with the morbidity rate
of gastrointestinal symptoms.

The results from the study carried out at twe MED POL VII pilot
zones (UNEP, 1981b) can be summarized as follows:

- Skin, ear and eye ailments are the most frequently suffered by
recreationists in coastal waters.

- The habit of immersing the head in the water while swimming
follows a statistically significant associstion with the
occurrence of ear and eye ailments.

-~ The fact that faecal streptococci predominates over faecal
coliforms in waters considered satisfactory by the interim
water qualitfy criteria is consistent with the different inactivation
behaviour of both indicators. The statistically signifiecant



UNEP/WG.62/6
Page 12

association obtained between morbidity rate for ear ailments and
faecal streptococci concentrations can be used as a valuable
additional quality criteria far recreational coastal waters.

In gpite of the difficulties and shortcomings of epidemiological
studies on public health effects derived from recreation in costal
waters, and the difficulties to establish definite cause-effect
relationships, the presently available information and results of
MED POL VII justify the establishment of adequate criteria for
coastal water quality management aimed at protecting efficiently
public health. .

(ii) Concentration limits for indicators

The essential component of a water quality criterion is the
quantitative exposure-effect relationship between the density of
the quality indicator and the level of protection provided for a
given beneficial use. Though information presently available is
far from complete, considerable progress has been achisved during
the last few years, Summarized below are the more recent results.

Morbidity rates for gastrointestinal symptoms approaching 1% are
associated with both mean concentrations of approximately 10 faecal
streptococci per 100 ml, and mean E. coll concentrations in the
range of 10 to 100 E. coli per 100 ml. A 5k morbidity rate for the
same symptoms is associated with mean concentrations of
approximately 1000 faecal streptococci per 100 ml (USEPA, 1980).

Morbidity rates for ear ailments approaching 1% are associated with
mean concentrations of 10 faecal streptococci per 100 ml, while a
% morbidity rate was associated with a mean concentration of
approximately 1000 faecal streptococci per 100 ml (UNEP, 1981b).

Studies carried out in the coastal waters of the Tyrhenian Sea
(UNEP, 1981b) show that viruses were detected in all water samples
exceeding 920 E. coli per 100 ml. A significant correlation was
also found between the number of E. coli and those of enteroviruses.

Studies carried out at 3 beaches of Tel Aviv, Israel, (WHO/UNEP,

1980) show that enteroviruses were detected on all three beaches

even when coliform levels were below the 1000 fazecal coliform per
100 ml1 level contained in the proposed interim criteria.

Finally, results on relative survival of microbial indicators
gatherdd at some MED POL VII pilot zones reveal that faecal
streptococci are more persistent in sea-water than faecal

coliforms and approach the resistance behaviour of some enteric
viruses. Also, the gradual variation of the faecal coliforms to
faecal streptococci ratio, as the faecal coliforms vary over a wide
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range of concentrations, could explain the different regression
lines obtained by investigators working within a short range of
faecal coliform concentrations.

(iii) Analytical methods

Two basic methods can be used for the determination of
microbial indicators:

~ The multiple tube dillution technique, followed by the
interpretation by the Most Probable Number (MPN), and

- The Membrane Filtration technique (MF).

Selective media and incubatiocn procedures are available for the
most common microbial indicators.

There has been a continous discussion on which of the above two
methods give more accurate results. Strictly considered, the MPN
method relies on the statistical hypothesis that the microbial
concentration assigned to a given number is that which makes the
observed combination of positive tubes the one with the highest
probability of occurrence. The inclusion of the 95% confidence
interval in the MPN method tabulation 1s precisely directed to
inform the user that other microbial concentrations can result in
the same combination of pesitive tubes. Though the MF method is
based on the direct counting of visibie colonies, there are also a
series aof working hypothesis that can reduce the number of viable
organisms from those originally present.

There are two specific conditions of coastal water quality control
that should greatly help in solving the existing discussion on
analytical methodclogy., First, the degree of uncertainty with
which microbial standards are presently fixed is not in proportion
with the degree of accuracy and precision of both methods of
analysis. Though this assertion should not be used as & ground for
discontinuing further improvement and development of analytical
techniques, it points out the need for a practical judgement when
dealing with microbial concentrations measured in recreational
coastal waters.

Second, results gathersd both at the Mediterranean pilot zones, and
at other coastal areas of the world, show that a statistical
interpretation of microbiological quality 1s an adequate and
powerful method for evaluating coastal water quality. The
simultanecus consideration of microbial values cbtained during
several weeks allows for a balancing of the intrinsic spatial and
temporal variation of coastal water quality. Furthermore, results



UNEP/WG.

Page 14

62/6

presently available indicate that overall evaluation of microbial
quality of coastal waters by a statistical approach is practically
the same, regardless cf the analytical technique used for microbial
estimations.

The wide application of a lognormal probability distribution

method, as considered by some Eurcpean countries (WHO, 1975) and
recommended for use within the MED POL VII pilot project (WHO/UNEP,
1977b, 1979) should provide valuable information on its validity, as
well as on its ability to overcome the dual methodology discussion.

(iv) Method and frequency of sampling

The overall objective of MED POL VII was specifically addressed to
evaluate the public health implications of coastal water quality.
The sampling methodology recommended for use by participants in MED
POL VII was to obtain water samples in areas used by high numbers
of recreationists. As a compromise between the accessibility of
the sampling points and the coverage of the area more frequented by
bathers, the recommended procedure was to collect a water sample
from 10 to 20 cm below the surface at a point with 1.0 to 1.5 m
depth.

Though operational difficulties were experienced by several
participants, and some alternative procedurss were used, therge is
no conclusive evidence to warrant a modification of the proposed
procedure. Thus the Long-Term Programme (MED POL - PHASE II) gives
specific attention to this poant.

Water samples should be collected in sterilized wide-mouth bottles,
and protected from sunlight and heat until the time of analysis. A
maximum of 8 hours should elapse from the collection of the sample
until the actual analysis. Water samples analysed after that
pericd of time result in microbial concentrations with inadequate
accuracy and precision.

An adequate evaluation of microbial quality for coastal waters, be
it statistically or otherwise, requires a minimum number of samples
to obtain a meaningful result. From the analysis of data collected
at various pilot zones it appears that at least 10 consecutive
samples should be collected during a given period to allow a
meaningful intarpretation of the results. This requirement
tranglates into a one per week sampling frequency during the summer
period, considering that the bathing season at most Mediterranean
coastal areas is about three months.

It has to be pointed out that microbiological gquality is but an
element for judging the public health implications of recreation in
coastal waters. A detailed technical inspection is also an
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important and necessary complement for the evaluation of the
sanitary conditions of recreational coastal areas.

Sampling should be carried out systematically, by observing a
reqular time interval between consecutive samples, and within the
same hour interval of the day. Though the influence of sunlight
and temperature have been documented as the main factors affecting
the survival of microbial indicators, the selection of the sampling
time is also dependent on the recreational patiern in the waters of
concern, as well as on the means of sample collection,
transportation and analysis. As a tentative schedule, the period
between 10:00 and 13:00 h has been adopted by many laboratories.

(v) Frequencies of compliance

Quality control technigues rely quite frequently on statistical
methods. The interest and validity of this approach, for the study
of the microbiological quality of coastal waters, is reflected in
the increassing number of national and international standards

which include upper concentrations of indicators not to be exceeded
in a given percentage of a set of consecutive samples.

A major outcome of the MED POL VII pilot project has been the
verification that microbial concentrations in ccastal waters can be
adequately interpreted by a lognormal probability distribution
model. Furthermore, standard deviations for most water sampling
stations ares within a short interval, regardless of the microbial
indicators considered, which includes the standard deviation value
implied by the proposed interim criteria.

The immediate consequences of this practical agbservation are that:

- two pairs of microbial concentration versus freguency of
compliance completely define the water quality characteristics
of a sampling station, since two parameters determine a
lognormal distribution, and

- two pairs of microbial concentration versus frequency of
compliance, whose implied standard deviation is not within the
experimentally observed interval, are bound to be imbalanced, one
of them becoming the most restrictive for all practieal
purposes, and the other becoming practically incperative,

A further benefit from a balanced set of standards concerns the
design of facilities for wastewater treatment and disposal at sea.
A receiving water quality standard, defined by a pair of balanced
limits, assures the designer that if the median limitation is met,
it is most likely that the other limitation will alsc be met.
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From the experimental results gathered in the Mediterranean coastal
waters, studied under MED POL VII project, it appears that a 10-fold
ratio between the concentration not to be exceeded in 50% of the

time, and that net to be exceeded in 50% of the time, approaches quite
well the naturally observed variation of microbial quality. Simple
calculations will allow obtaining the ratio associated to a different
pair of frequencies.

Detailed analysis of miercbiological quality of coastal waters
during the MED POL - PHASE 11 should provide very valuable
information on which to validate and extend the above proposed
criterion.

(vi) Interpretation methods

The ultimate purpose of the microbiclogical results gathered at a
sampling station is to determine compliance with a proposed guality
standard. The practical process results in a comparison of the set
of values defined by the standard with the corresponding parameters
of the experimental data.

A graphical interpolation of a straight line on the experimental
points drawn on a lognormal probability paper seems to be a simple
and powerful method for verifying the agreement of the data with
the proposed model, as well as for the estimation of the water
quality parameters concerned, (UNEP/WHO, 1977b). The graphical
method is being suggested over the numerical methed because of the
better insight 1t provides, particularly on the possibie
discrepancies with the model and the values lying outside the
general trend.

(vii) Additional factor

Among the additional factors to be considered in the development
process of coastal water criteria and standards for the
Mediterranean, the following should be mentioned:

Mediterranean coastal waters can be characterized by high salinity
values, and low tide fluctuations. Current patterns, within the 3
km range from the coastline, follow g predominant directiom
parallel to the coast. Furthermore the summer season is
characterized by high solar radiation levels and warm temperatures,
both ambient and in the water.

Bathing and recreation in Mediterranean coastal waters is
characterized by long periods of water contact intermixed with
intensive sun exposure. Between 60 and 70% of the population
visiting Mediterranean coastal areags stay at a given resort town up
to 3 weeks, with almost daily recreation on the beach. Recreation in



UNEP/WG.562/6
Page 17

coastal areas takes place mainly during July, August and September,
and generally concentrates arcund widely known beaches, where high
population densities are reached.

2.4 Proposed environmental quality criteria for recreational waters
in the Mediterranean

Based on the results and experience gathered from the pilot phase of
the joint WHO/UNEP project on Coastal Water Quality Control in the
Mediterranean (MED POL VII), and in accordance with the above review
of the scientific rationale presently available, the environmental
quality criteria appearing in Table III are proposed for application
to recreational coastal waters of the Mediterranean, as regards public
health protection.

TABLE III: PROPOSED EVIRONMENTAL QUALITY CRITERIA FOR
RECREATIONAL WATERS OF THE MEDITERRANEAN

Concentrations Minimum Analytical Interpretation
per 10C ml not Number Method Method
Parameter to be exceeded of
in Samples
50% 90%
of the time
Faecal coliforms 100 1000 1o Membrane Filtration,

m=-FC broth or agar
incubateg at
44.5+0.2°C for 24 h Graphical or

analytical
adjustment
to a lognormal
Faecal streptococei 100 1000 10 Membrane Filtration, probability
M-Enterococcus agar distribution

incubated at
35+0.5°C for 48 h

The proposed faecal coliforms criteria was unanimously adopted by the
Principal Investigators of the collaborating institutes in the pilot
phase of the MED POL VII project. However, not only faecal coliforms
were investigated during the pilot phase, but total coliforms and
faecal streptococci were also included in the faecal indicators
compulsory list. In view of the experimental results gathered during
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the pilot phase, faecal streptococei have alse been included in
the proposed quality criteria.

Bther quality indicators studied during the pilot phase of the MED POL
VII project, such as Salmonella and several enteric viruses, should be
investigated during the MED POL - PHASE II, to improve the present
approach and to develop more reliable, consistent, representative,
simple and economical water quality indicators of human faecal
pallution.

The proposed quality criteria represent a main step in ensuring an
appropriate level of protection for recreationists in the coastal
waters of the Mediterranean. However, they should nct be considersd
as rigid limitations, but instead requirements that can be amended as
further scientific and technical information becomes available.
Results from the MED POL - PHASE 1I should be of great value in this
respect.

Experience gathered during the pilot phase of the MED POL VII project
should be used for establishing the monitoring network included in the
MED POL - PHASE II, so it can provide the additional information
needed for a better assessment of the quality of the recreational
waters of the Mediterranean.

Among the specific aspects to be considered for further improvement of
the proposed quality criteria, the following can be mentioned:

(i}  epidemioclogical studies should be carried out among
recreationists of Mediterranean ccastal waters to appraise the
public health implications of bathing and their potential
association with water quality;

(ii) further studies should be conducted on the inactivation
processes of faecal microsrganisms in the sea, to better
understand the parameters governing these processes and the
technical principles availsble tc promote them;

(iii) further studies should be carried out on the adequacy and
efficacy of analytical methods for detecting microbial
indicators;

{iv) a quality control programme should be established and
implemented by all the participating laboratories in order to
ensure the accuracy, precision, and comparsbility of the
results of the microbiological analyses; and

(v} a systematic evaluation of microbiclogical data should be
conducted, preferably by graphical adjustment of a lognormal
probability distribution, to achieve a better understanding of
the factors influencing the quality of Mediterranean coastal
waters.
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3.1

3.  ENVIRONMENTAL QUALITY CRITERIA FOR SHELLFISH GROWING AREAS

The major health hazards associated with shellfish are those caused by
the consumption of raw shellfish polluted by human faecal material.

The pollution of shellfish growing waters by pathogenic micro-organisms
may occur whenever the water is contaminated by human faeces, sewage
outfalls, discharges from polluted rivers or drainage from polluted
areas. Sewage outfalls constitute the major pollution source for
shellfish growing areas.

It is important to consider the marine envirommental factors which
affect the sanitary quality of shellfish. These factors may be
divided into two broad groups: physical and biological.

The extent to which shellfish growing areas are affected depends mainly
on the following physical factors:

- the location of the sewage discharge rslative to the shellfish
growing areas;

- the guantity and concentration of the sewage effluent;
- the type and degree of treatment of the sewage before discharge;

- the dilution and dispersion characteristics of the receiving
waters.

The degree of contamination of shellfish growing waters and of
shellfish depends on the following biological factors:

the microbiological contents aof the sewage discharge;

the viability of the different microorganisms in the sea;

the biological processes of shellfishj;

the development of toxic algae.

The present document deals only with the environmental quality
criteria applicable to shellfish growing waters, in those aspects
relevant to the protection of human health.

Existing national provisions and international arrangements and

agreements relevant to the Mediterranean

To ensure the production and distribution of safe shellfish, an
elaborated system of control, with ad hoc support services, is
required. However, such systems are justifiable and should be
provided mainly whenever there is a substantial shellfish industry.

‘
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An adequate contral system should cover all aspects of production,

from the growing area to the processing facilities, and to the wholesale
and retail market. This is the case in a limited number of
Mediterranean States, where such efficient control systems have been
evolved, or where a similar approach is justifiable and should be
developed.

In some countries, emphasis is placed upon categorization of

shellfish growing areas as approved or otherwise, based on detailed
investigations aof both the topography and the water quality itself.

In other countries, more emphasis is placed on the quality of
shellfish taken from an area. However, when an assessment is made of
the suitability of an area for shellfish production, both the
topographical factors and the bacteriological quality of the water are
taken into account.

One of the difficulties in assessing the suitability of an area for
the production of shellfish, by examining the gquality of the shellfish
graowing waters, is the lack of a direct relationship between the
bacterial content of the water and that of the shellfish grown in
them. However, effective control has been exercised in some countries
through an assessment of shellfish growing waters as the main basis of
sanitary control.

Very few countries in the Mediterranean have appropriate legislation
or have develaoped quality criteria for shellfish growing waters and
for shellfish flesh. Furthermore, existing legislation and qualaity
criteria are quite different among countries.

[n France, for example, the quality of shellfish growing areas is
determined on the basis of the faecal coliforms content of shellfish
living in the respective area. The evaluation of the contamination is
expressed as the MPN of faecal coliforms per 100 ml of flesh smashed
and diluted following a given methodology. The evaluation is based on
26 samplings spread over 12 consecutive months.

Shellfish growing areas are classified as "sanitary" when the MPN aof
shellfish flesh does not exceed 300 faecal coliforms per 100 mi.

This standard is considered to be met when the number of samples with
a MPN higher than 300 faecal coliforms per 100 ml does not exceed five
during a period of twelve consecutive months. However, the MPN of
three out of the five samples should not exceed 1000 faecal coliforms
per 100 ml, the remaining two not exceeding 3000 faecal coliforms per
100 ml.

Waters where the above standards are not met are classified as unsuitable
for shellfish growing. Collection of shellfish is forbidden in such
areas, except in cases where purification of shellfish is intended to

be undertaken. To this effect, relevant approval should be issued

by the responsible authorities.
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When the MPN of shellfish flesh exceeds 10 000 faecal coliforms per 100
ml in 25%% of the samples, the relevant approval needs confirmation by
the departmental Direction of the sanitary and social action.

In Italy, the quality of shellfish growing areas is determined on the
basis of the MPN of E. coll present in the water itself.

Appraval for shellfish growing requires that water samples taken over
12 consecutive months do not exceed 2 E. coli per 100 ml in 90% of the
samples, and that they do not exceed 6 E. coli per 100 ml in 10% of
the samples.

In Spain, protection of shellfish growing waters requires that E. coli
concentrations do not exceed 15 E. coli per 180 ml in 50% of the
samples, and that they do not exceed 50 E. coli per 100 ml in 90% of
the samples.

Similarly, as in the case of shellfish growing waters, the standards
for shellfish, where they exist, do also differ from cne country to
another.

In France, for example, the microbiological criteria relevant to
shellfigh for human consumption are as follows:

- Aercobic microerganisms, 30°¢C 100 000 per gramme
- Faecal coliforms 300 per 100 ml
- Faecal streptococci 2 500 per 100 ml
- Staphylococcus aureus 100 per gramme
- Anaerobic Sul. reducing bacteria, 46°c 10 per gramme
- Salmonella absent in 25 grammes

The interpretation of the results provides three categories of
contamination, namely:

- the contamination does not exceed the above described criteria "m";

- the contamination is between the above criteria "m" and an upper
level "M" equal to 10 times the criteria "m", when the enumeration
of microorganisms is made on solid media, or a level equal to 30
times the criteria "m" when the enumeration is made on liquid
media;

- the contamination exceeds the level "M".
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Provided that any of the results included in a given sampling exceeds
"M", the quality of the sampling is considered:

- satisfactory, when the observed values are:
< J3m for solid culture media, or
§ 10m for liquid culture media;
- acceptable, when the observed values are:
between 3m and 10m for solid culture media, or
between 10m and 30m for liquid culture media, and
f% S -% , where "e" is the number of units composing

the sample, which give results between m and M, and "n" is
the number of units per sample, depending on the adopted
interpretation plan.

- unsatisfactory, when:

< > -% , for the values specified above, or

whenever a value above the "M" criteria is observed.

In Italy, the quality criteria for shellfish from approved growing
areas requires that samples taken during 12 consecutive months do not
exceed a MPN of 160 £. coli per 100 ml of shellfish in 90% of the
samples, and that they do not exceed a MPN of 500 E. coli per 100 ml
of shellfish in 10% of the samples.

Few additional Mediterranean countries have also developed standards
for shellfish growing water as well as for shellfish, being generally
different from country to country.

While the quality criteria developed by each Mediterranean country may
fulfil its relevant needs, no harmonization or coordinated action may
be promoted under the present conditions. As a result, a relevant

assessment of the quality of shellfish growing areas and a rational
control of pollution sources for the Mediterranean as a whole will he
deficient.

At present, the great majority of Mediterranean countries are
concerned with shellfish production without having the adequate
facilities for treatment and handling of polluted shellfish. In those
cases, an appropriate surveillance of shellfish production areas can
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be a critical measure for ensuring that shellfish leave the production
area in a safe and wholesome state. 1In these circumstances, a sanitary
control of the shelifish could then be carried out by national public
health officers, by appropriate inspections of shellfish after they
leave the growing areas, through normal food hygiene control
procedures.

The shellfish quality control component of the joint WHQ/UNEP MED POL VII
pilot project on Coastal Water Quality Control was aimed at applying

and assessing the above simplified approach, while at the same time
promoting the necessary harmonization in the Mediterranean area. With
this cbjective, a monitoring programme of both water quality in growing
areas and shellfish was organized and carried out for the

Mediterranesn countries. For the needs of this pilot monitoring
programme common interim criteria for growing waters and for shellfish
were investigated and agreed upon by the Principal Investigators
participating in the MED POL VII pilot project (see 3.4).

International arrangements and agreements satisfactorily covering the
Mediterranean as a whole do not exist. However, some international
arrangements have been or are being developed, concerning the quality of
ghellfish growing waters and the sanitary requirements for shellfish
intended for human consumption. These arrangements are as faollows:

(1) The Council of the Eurcpean Communities adopted in 1979 the
Directive on the quality required in shellfish growing waters
(EEC,1979). The Directive takes into consideration the
physico-chemical and microbiological parameters to be applicable
to shellfish growing waters, the relevant (G) guide values, the
(1) mandatory ones, the reference methods of analysis, and the
minimum sampling and measuring frequencies,

The requirements established by the Directive, as far as the
microbiological parameters of shellfish growing waters are con-
cerned stipulates, as its guide value, a MPN concentration of less
than or equal to 300 faecal coliforms per 100 ml of shellfish flesh
and intervalvular liquid. However, pending the adoption of a
Directive on the protection of consumers of shellfish products,

the present Directive states that it is essential that the above
value be observed in waters in which shellfish directly

edible by man live.

EEC Member States shall, initially within a two year period
following the notification of the Directive, designate shellfish
growing waters. Further provisions are made for additional desig-
nations and for revisions. Member States shall establish programmes
to ensure the designated waters conform, within six years following
designation, to both the values set by the Member States and the
comments contained in columns G and I of the Amnex ef the

Directive.
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Designated waters shall be deemed to conform to the
microbiological provisions of the Directive if samples of such
waters, taken at a minimum quarterly frequency, at the same
sampling point, and aver a period of 12 months, show that they
conform to both the values set by the Member States and the
guide value described above, as regards 75% of the samples.

The Directive on the quality required far shellfish waters
concerns at present three Mediterranean countries: France,
Greece and Italy., Under this condition the Directive does not
help to aveid the shortcomings experienced in the Mediterranean
and due to the different criteria of individual countries.

A proposed draft code of hygiene practice for molluscan
shellfish has been prepared by the Codex Alimentarius
Commission (1978).

The draft code in its Appendix 111 provides general
enviromnmental sanitation recommendations. These concern:

Sanitary disposal of human and animal wastes;

Determination of pollution types and sources;
- Classification of the shellfish growing areas;
- Control of the shellfish growing areas;

- Reclassification of shellfish growing areas;

-~ Animal, plant, pest and disease control.

Moreover in an Annex to the Appendix II1 of the Code,
current laboratory procedures and standards are given.
Thig is a list of bactericlogical standards and methods
currently employed in several developed countries. Among
the Mediterranean countries, only France and Italy are
included in the above list.

The Committee on Food Hygiene considered that:

(a) successful shellfish control programmes have been in
gperation in a number of member states for many years,
using a wide range of bacteriological standards and
methods, and

(b) that it was virtually impossible to reach agreement
at this time on any specific set of standards and
methads.
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The Committee concluded that a listing of bacterioclogical
standards and methods currently in faorce in several
developed countries would serve a useful purpose.

The Code of Hygienic Practise for moluscan shellfish has a
universal character and therefore also concerns the
Mediterranean area. However, it is of a general nature

and does not provide, at this stage, valuable possibilities
to cover the specific needs and conditions of the
Mediterranean as a whale. [n this respect it does not
alleviate the shortcomings that the national criteria and
the Directive of the European Communities present.

3.2 Quality of the shellfish-growing areas in the Mediterranean

It is evident that with the existing various national criteria
which are applied in few Mediterranean countries, it is not
posgible to make an assessment of the quality of the shellfish
growing areas in the Mediterranean as a whole, and to take
appropriate concerted action. However, in countries where
national quality criteria exist and are applied, satisfactory
results as far as health protection is concerned are usually
experienced.

As mentioned in 3.1 above, a cocordinated assessment of the

quality of the shellfish growing areas in the Mediterranean was
undertaken on a pilot basis, through the establishment of a
monitoring programme of shellfish growing areas as part of the MED
POL VII pilot project. To this end common quality criteria for
both growing waters and shellfish flesh, as well as similar
methodology were applied (see 3.4).

The results of the monitoring showed that the great majority of
the shellfish growing waters studied conformed to the established
criteria, and that the related shellfish flesh was alsc meeting
the relevant quality criteria. In the few cases where these
standards were not met, the influence of detrimental physical
factors was easily detected.

However, in view of the relatively small number of shellfish growing
areas monitored, the abave results do not apply to all the prevailing
conditions in the Mediterranean as a whole. Further investigation is
necessary in order to attain an appropriate assessment and control of
pellution in shellfish growing areas. In this respect, it would be
advisable to continue the work already initiated by the MED POL VII
pilot project, and to expand the network of monitoring shellfish
growing areas, to better cover both the Mediterranean as a whole, and
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its important growing shellfish areas. In addition, the value af the
indicators, as far as health effects are concerned, should be evaluated.
This is best achieved by means of epidemioclogical studies which should be
undertaken at an early stage.

Scientific rationale for the criteria applicable to Mediterranean

shellfish-growing areas

The development of critsria applicable to Mediterranean shellfish
growing areas should be based on indicators, which are:

- consistently and exclusively present in human faecal wastes at
reasonably high densities;

- capable of survival, during sewage treatment and various types
aof transport, to an sxtent comparable to that of the pathogens
potentially contained therein.

Moreover, considering that such criteria should be applicable to the
Mediterranean as a whole, they should be based on:

- a minimum number of indicators;
- a simplified and limited number of analytical methods;

-~ the possibilities and facilities available in each of the
Mediterranean States.

Various 1ndicators are being applied in one country or anocther where
shellfish growing areas are routinely monitored. These indicators
include E. coli, faecal coliforms, faecal streptococci,Cl. perfringens
and Salmonella. However, in certain circumstances, such as those
occurring after a disease incident with shellfish, the range of tests
should be expanded to include pathogens likely to be implicated.

Among them are Salmonella typhi, other salmonella spp.,

V. parahaemolyticus and V. cholerae.

Considering the universglity of faecal coliforms, these indicators are
being retained for routine monitoring. However, the study of other
practical indicators as well as new ones should be included in any
monitoring exercise, with the aim to further improve results by
selecting better indicators, simplified methods, and more economic
procedures.

The methods usually applied include the MPN method, the MF method
and the total plate count method. Similarly the media used for
recovery of the indicators are various. Here again the aim is to
apply appropriate reference methods which will be used by all
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3.4

those concerned in the Mediterranean area, and will provide more
satisfactory results.

In addition to simplification and applicability all over the
Mediterranean, the proposed harmonizatijion of quslity criteria and
methodology is aiming at promoting comparability, uniform

evaluation, exchanging of knowledge and experience, gradual
improvement of approach and of results, development of control
methods, and certification and recognition of results. Gradually the
quality criteria may be subject to refinement and additions, in

order to meet the requirements defined by different species of
shellfish and/or conditions in the Mediterranean.

Purification of shellfish may alsc be expanded in the
Mediterranean in the future. In this respect, quality criteria
should be developed and applied for sea water in storage basins
and in purification plants. There also, quality criteria for
shellfish flesh will be needed.

In view of the absence of epidemioclogical studies to back any
criterion, the proposed criteria for shellfish growing waters are
based on the available experience in Eurcpean countries and in the
U.S.A. Such quality critesria are proposed to be evaluated by
appropriate epidemiological studies, which should be conducted in
one of the follawing ways (WHO/UNEP, 1977a):

~ Predictive models;

- Retrospective epidemiological studies of case reports and
disease outbreaks; and

- Prospective controlled espidemiological and microbiclogical
studies.

Following such evaluation, the proposed criteria may be adjusted
as required.

The next step will be the establishment of standards based on the
criteria. At that stage a decision should be made as to the
"acceptable risks" of symptoms of varying degrees of severity, or
of specific diseases. This decision should be influenced by
social, economic, political and health factors.

Proposed environmental quality criteria for shellfish-growing

areas in the Mediterranean

Based on the results and experience gathered from the joint
WHO/UNEP pilot project on Coastal Quality Control in the
Mediterranean (MED POL VII), and in accordance with the above review
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aof the scientific rationale presently available, the envirormental
quality criteria appearing in Table I are proposed for application to
shellfish growing waters in the Mediterranean.

The proposed faecal coliforms criteria were unanimously adopted by the
Principal Investigators of the institutes collaborating in the

MED POL VII project. However, not only faecal cocliforms

were investigated during the pilot phase, but also total coliforms,
faecal streptococei and total heterotrophic bacteria were included in
the list of compulsory indicators. Moreover, Vibrio parszhaemolyticus,
Salmonella, and enteric viruses were also investigated on a voluntary
basis as potential faecal indicators (WHO/UNEP, 1977b, 1980; UNEP
1981a).

In reviewing the results obtained from the shellfish menitoring
programme, the participating Principal Investigators agreed that the
compulsory microbiological parameters to be used for shellfish
monitoring should be limited to faecal coliforms and faecal streptococci
(WHO/UNEP, 1980). On the other hand, other potential indicators, such
as Salmenella and enteric viruses should be further investigated.

The proposed criteria represent a main step in ensuring an appropriate
level of protection for human consumption of shellfish grown in
coastal areas of the Mediterranean. However, they should not be
considered as rigid limitations, but instead requirements that can be
amended as further scientific and technical information becomes
available. Results from the MED POL - PHASE II should be of great
value in this respect (UNEP, 1981b).

Experience gathered during the pilot phase of the MED POL VII pilot project
should be used for establishing the monitoring network included in the

MED POL - PHASE II, so it can provide the additional information

needed for a better assessment of the quality of the shellfish growing
waters in the Mediterranean.

Among the specific aspects to be considered for further improvement of
the proposed quality criteria, the following can be mentioned:

(1)  epidemiological studies should be carried out among permanent
and seasonal populations of the Mediterranean coastal areas to
appraise the public health implications of shellfish
consumption;

(ii) studies should be conducted on the influence of the natural
self-purification processes of shellfish on the accumulation of
faecal microorganisms, to understand the parameters governing
these processes, and to evaluate the relationship between
growing water quality and shellfish flesh quality;
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TABLE I: PROPOSED ENVIRONMENTAL CRITERIA FOR SHELLFISH
GROWING AREAS OF THE MEDITERRANEAN
1. GROWING WATERS
Concentration Minimum Analytical Interpretation
per 100 ml not  Sampling Method Method
Parameters to be exceeded Frequency B
in
80% 20%
of the time
Faegal 10 100 [n Winter: Membrane Filtration Graphical or
coliforms monthly m-FC broth or agar analytical
incubated at adjustment
In Summer: aa.s:p.2°c for 24 h to a lognormal
fortnightly probability
distribution
2. SHELLFISH FLESH
Concentration Minimum Analytical Interpretation
Parameters per gramme of Sampling Method Method
flesh Frequency
Faecal < 2 In Winter: Multiple tube fermen- By individual
coliforms Sale permitted monthly tation and counting results, histograms.

Between 3 & 10
temporary
prohibition

of sale

> 10
Sale prohibited

In Summer:
fortnightly

according to MPN

(Most Probable Number)
MacCankey broth
incubaged at

35+0.5°C for 24 h

and then at

44.5+0.2°C for 24 h

or graphicgal
adjustment of =
lognormal prob-
ability
distribution
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(iii) further studies should be carried out on the adequacy and
efficacy of analytical methods for detecting microbial
indicators, as well as on the influence of intervalvular liquid
on analytical results;

(iv) a quality control programme should be established and
implemented by all the participating laboratories in order to
ensure the accuracy, precision, and comparability of the results
from microbiclogical analyses; and

(v) a systematic evaluastion of microbioclogical data, from both
shellfish growing waters and shellfish flesh, should be conducted
preferably by graphical adjustment of a lognormal probability
distributiecn, to attain a better understanding of the factors
influencing the quality of both the shellfish flesh and the
shellfish growing waters of the Mediterranean.
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4, ENVIRONMENTAL QUALLTY CRITERIA FOR MERCURY IN SEAFOOD

4,1 Existing national provisions and international arrangements and
agreements relevant to the Mediterranean

The mercury poisoning which occurred in Minamata and Niigata in Japan, in
Iraq, and in other similar incidents, stimulated the concern of
governments for the hazards of the ingestion of mercury by humans.

In this context various efforts were undertaken to investigate sources
and levels of mercury in the environment, especially in relation to
food contamination, and to establish regulatory action for the control
of mercury in the environment, as a health measure irrespective of
accupational exposure to mercury that is not dealt with in this
context.

Fish and fish products were found to be the major if not the only
source of intake of mercury for most people. Therefore, much of the
regulatory approach is primarily directed to limit levels of mercury
in fish and fish products fit for human consumption, and secondly
emission of mercury in the environment being considered of secondary
importances. The present limited knowledge of the cause and effect
relationship of mercury in the physical environment and in living
organisms implied the need of a significant safety margin for ensuring
human health protection.

Nominal marine catch in the Mediterranean amounted to 1.2 millicn
metric tons in 1978 (Table 1), 300 000 tons caught by vessels from
countries outside the Mediterranean. The most important single groups
of species by weight were the clupeids and the engraulids, with about
350 000 tons each. Landings were highest in Italy, Spain and Turksy
(GFCM/CGPM, 1980). Total net imports of countries with major
fisheries operating within the Mediterranean peaked in Italy and
Yugeslavia.

In studying the need for setting maximum levels for mercury in food, a
number of countries conducted surveys of the dietary intakes of their
populations. Particular studies relating mercury levels and the
amount of fish consumed by populations in the Mediterranean area were
conducted in France and Italy.

Average annual per capita consumpti?y of fish and shellfish (in kg) in
Mediterranean countries amounts to ' :

Albania (1.8) Algeria (2.3) Cyprus (6.6)
Egypt (4.2) France (22.2) Greece (15.7)
Israel (11.1) Italy (12.5) Lebanon (3.4)
Libya (4.1) Malta (13.3) Monaco (4.6)
Marocca (4.6) Spain (35.2} Syria (1.5)
Tunisia (5.3) Turkey (4.5) Yugoslavia (3.0)

é/ Source: Standardized Food Balance Sheets, FAQ, Rome, Fisheries
Department, Policy and Planning Division (unpubl.)s
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In the Mediterranean the countries which establish regulations
mainly place an overall limit on mercury concentration in fish.
Here below is a summary of current maximum permissible levels of
mercury in fish applied in Mediterranean countries where action

levels have beesn set.

France, 0.7 mg/kg (ppm)

Greece, 0.7 mg/kg

Israel, 0.5 mg/kg

Italy, 0.7 mg/kg

Spain, 0.5 mg/kg

Yugoslavia

This limit is for fish expected to
have a high level. For other fish
0.5 mg/kg applies. -

There is no legislation in force but
random tests are made on imported fish
and fish exceeding these limits are
barred from the market.

This is the limit for all seafoad
caught in Greek waters or imported
and intended for local consumption.

Legislation is still being drafted

and the intention will be to change

the limit to 0.5 mg/kg. In general, see
Presidential Decree No. 7886 on the
veterinary inspection of fish, frozen and
cther preserved edible fish products of
19 October 1578.

Studies with the scope or target of
specifying the mercury pollution and
content of fish and shellfish are
under way.

Maximum level for both domestic and
imported fish; tuna receives special
attention.

New legislation is being preparesd.

There are no recommendations made
regarding sizes and quantities per
head per week. See Ministerial Decree
of 28 January 1980 on maximum level
of mercury for fish.

See in general the Regulations on the
quality of fish of 3 February 1978
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At the international level, FAQ, WHO and the O0ECD, have been
perigdically involved in studying the problem of food contamination by
mercury. In 1967 the Joint FAQ/WHO Expert Committee on Food Additives
first considered the problem and recommended that "any use of mercury
compounds that increases the level of mercury in food should be
strongly discouraged"”, In 1972, the same committee met again and
recommended a provisional tolerable weekly intake (PTWI) of 0.3 mg
total mercury per person of 70 kg, of which no more than 0.2 mg should
be present as methylmercury (expressed as weight of mercury) (Joint
FAD/WHO Expert Committee on Food Additives 1972).

The Commission of the European Communities has transmitted to the
Council the proposals for a directive concerning the upper limits for
mercury discharges and the quality objectives for the aquatic
environment in which mercury is discharged from the chloralkali
electrolysis industry (26/6/79 J.0. No. Cl69 dated 6/7/79).

Within the frame of the proposed directive on quality objectives
points 1 and 2 of Annex 1 respectively provide that the concentration
of mercury in the waters must not be more than 0.5 ug/l within the
fresh water limit. It must not be more than 0.05 ug/l beyond that
limit., The mercury content in the flesh of fish living beyond the
limit of fresh waters should not exceed 0.3 mg/kg of wet weight.

Since fish eating habits may vary from one population or subgroup to
another and mercury levels in fish and shellfish differ according to
species, the problem should be tackled with respect to intake levels
of mercury, although it is understocd that it may be very difficult to
change taste, preference patterns, particularly where fish may be a
readily accessible source of protein for certain populations for which
there is no easy substitute.

Mercury in Mediterranean seafood

The two principle pathways for mercury intake by aquatic organisms are
via the ingestion of organisms containing mercury and by direct uptake
of mercury from the water.

The concentrations of total mercury in fresh tissue of fish, of which
usually the greater part is present in the organic form, may show
marked variation according to the geographical area and the age or
size of the fish.

Irrespective of the area, some species (tuna, swordfish, elasmobranchs
and norway lobster) constituting about 3% of the total fish caught in
the Mediterranean, tend to have higher mercury levels per unit fresh
weight than others caught in the same area. All of these average
around or above 1l mg/kg wet weight. The individual analyses range
between 0.05 and 6.3 mg/kg in tuna, 0.05 and >2.0 in swordfish, 0.06
and well above 2.0 in dogfish, sharks and rays, and 0.04 and 3.0 mg/kg
in Norway laobster.
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Still, interspecific comparison yields some remarkable differences
between mercury levels in specimens caught in the Mediterranean and
those from the Atlantic with usually lower concentrations in the
latter. For hake, Merlucgcius merluccius for example, the International
Council for the Exploration of the Sea (ICES) baseline study in the
North Atlantic gave mean concentrations between 0.03 and 0.13 mg/kg

and a total range between 0.02 and 0.22 mg/kg (ICES, 1977a),

whereas Mediterranean specimens analysed had a much broader range of
concentrations with an upper limit of 0.85 mg/kg and an average of
about 0.34 mg/kg (FAQ/UNEP, 1981).

Bluefin tuma (Thunnus thynnus thynnus) caught off the French coast in
the Mediterranean displayed average levels of mercury 1.10 mg/kg with

a range in 176 samples of 0.02 to 6.29 mg/kg (FAOQ/UNEP, 1981).
Equivalent samples from the Bay of Biscay ranged from 0.02 to 0.8 mg/kg
with the bulk of the data around 0.5 mg/kg. The same has been

found in other tuna species ie. Thunnus alalunga in which mercury
levels are about three times higher in the Mediterranean (Cumont

et al., 1975).

In the Mediterranean itself two populations of bluefin tuna can be
distinquished: one with a high body burden of mercury and positive
correlation with the length (and/or weight) and another with a lower
concentration of mercury and no evident correlation with the size of
the animals. The mercury content of tuna collected in the Atlantic
(just before entering the Mediterranean through the Strait of
Gibraltar) instead is relatively low and is in the same range of
values of those of the second population caught in the Mediterranean
Sea, i.e. the population with low levels; this finding suggests that
the two groups present in the Mediterranean during the reproductive
season are (1) specimens that have spent their entire life in this
sea, and (2) those that migrate from time to time from the Atlantic
Ocean into the Mediterranean (Renzoni et al., 1978).

Mercury levels are not higher in all species of fish caught in the
Mediterranean than they are in fish caught elsewhere. Average levels
in Trachurus mediterraneuys, the Mediterranean horse mackerel, are
between 0.093 and 0.345 mg/kg, excluding an outlier of 0.705 mg/kg in
area 11 (Fig. 1) based only on 3 samples. They are similar to the
mean values between 0.17 and 0.33 mg/kg reported for Trachurus
trachurus, the common horse mackerel, in the North Sea (ICES, 1977).
The anchovy Engraulis encrasicolus shows levels around 0.16 mg/kg in
223 samples, and 46 analyses on the pilchard, Sardina pilchardus
averaged 0.25 mg/kg (FAG/UNEP, 1981). Boops, Dicentrarchus, and other
sparids of commercial relevance in the Mediterranean have moderate
mercury levels throughout, averaging 0.20 mg/kg, though it should be
noted that occasionally elevated values up to 0.85 mg/kg have been
found. The same holds for cephalopods, such as Loligo and Sepia, with
mean mercury levels of about 0.25 and peak values up to 1.3 mg/kg
(Nauen et al., 1980)
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All the above menticned species do migrate to some extent at least
within the Mediteranean. Contamination levels can therefore be
considered as an integraticn aver space, though even in such species
mercury levels tend to be higher in specimens caught adjacent to major
industrial sites. This is even more so in the more sedentary species
such as the striped mullet, Mullus barbatus, with mercury levels
generally around C.2 mg/kg or less. Particularly in MED POL areas II,
IV and V (Fig. 1), however, values are reported to be considerably
increased (FAQ/UNEP, 198l). In area [I (Fig. 1), where the bulk of
the samples were collected from the Gulf of Lions 492 samples of
striped mullet have not only an average of 0.59 mg/kg, about three
times higher than that from the Aegean but alsc a much wider range of
0.02 to 7.9 mg/kg (FAQ/UNEP, 1981). Bacci et al. (1980) showed highly
increased mercury levels in the mullet caught in the Tyrrhenian, where
cinnabar rich bedrock of the Mount Amiata region supports mercucy
extracting industries eventually draining their waste water into the
sea. The average mercury concentration in area IV (Fig. 1) in 405
samples of mullet was 1.3 mg/kg ranging from 0.06 to 7.05 mg/kg.

Species that are virtually sedentary or even sessile, such as the
Mediterranean blue mussel, Mytilus galloprovincialis, are more likely
to reflect the 'local situation’. Consequently, levels in mussels
sampled at 'hot spot' areas will be higher than the average. llyssels
collected in rather polluted sites in the Adriatic generated an
outstanding mean value of 1.1 mg/kg with a maximum of 8.04 mg/kg.
Other high values are reported from the Tyrrhenian averaging 0.52
mg/kg in 109 samples. All other results are below 0.2 mg/kg fresh
weight. These local differences are reflected in high standard
deviations sometimes even exceeding the average (FAO/UNEP, 1981).

Scientific rationale for the criteria applicszble to the mercury

in Mediterranean seafood

[t is recognized that an evaluation of health hazards through the
consumption of Mediterranean seafood is difficult due to the very
limited data for those populations considered likely to have an
increased mercury intake. However, it is agreed that the intake of
methylmercury in seafood may constitute a health hazard.

Table [I sets oukt some comparative analytical figures for the mercury
content of fish muscle sampled from various seas around the warld.
There 1s no doubt that in general levels of mercury are higher in
Mediterranean fish. However, the following hypcthetical calculations
based on Table [I suggest that the bulk of the population probably has
a low methylmercury intake and 1s thus at negligible risk. An unknown
factor that will reduce intake 1is the extent to which consumers
include fish from ocutside the tlediterranean in their diet.

@
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Range of published* approximate average values of mercury expressed in
mg/kg wet weight in muscle tissue of various marine species modified after
Piotrowski and Inskip (1980). It is understood that up to 100% of

total mercury in fish is in the form of methylmercury.

Ocean/Sea

Fish Species Atlantic Pacific Indian Mediterranean
Mackerel 0.07 - 0.24 g.16 - 0.25 0.005 0.20
Sardine 0.03 - 0.06 0.03 0.006 0.16 - 0.25
Unspecified number G.08 - 0.27 ¢.07 - 0.09 (.02 - G.16 g.130 - 0.30
of edible (non-
predatory) spp.
Swordfish 1.30 g.80 - 1.60 - 1.20%*
Shark )
Dogfish) spp. 1.00 g.70 - 1.10 0.04 - 1.50 0.06 ->2.0
Ray )

*See also IRPTC (1980)
**Based on very few data

(i)  For the majority of seafoods (excluding certain species of

tuna, swordfish and elasmobranchs, for example) an

average

methlymercury content of up to 300 ug/kg wet weight is
assumed; one meal aof 150 gr would be equivalent to a
methylmercury content of 45 ug. For a 70 kg body weight
of an adult this would mean that with an intake of less
than four fish meals per week, the PTWI would not be
exceeded. (l0-20 per cent of the PTWI should be allowed

for methylmercury intake from other sources).

(ii) For certain marine species (including tuna, swardfish,
elasmobranchs, Norway lobster and various other species)
caught adjacent to anthropogenic mercury discharges, an
average methylmercury content of up to 1 800 ug/kg is assumed;
one meal of 150 g would be approximately eguivalent to a
methylmercury intake of 270 ug. In this case, therefore, fish
consumption would have to be less than one meal per week to

give an intake below the PTWI,
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Although the above tentative calculation suggests a low

methy lmercury intake for the general pepulation, i1t is considered
that the following groups of the population have high
methylmercury intake which may, in some cases, exceed the

PTWI;

(i) Fishermen and their families
(ii) Employees of the fish industry and their families
{iii) Employees of fish restaurants and their families

(iv) Consumers of seafood with especially high concentration
of methylmercury

Within the above groups special attention should be paid to women of
child-bearing age as pre-natal life is considered as the most
sensitive stage of the life cycle to methylmercury.

There are very limited data available an the level of methylmercury
intake by the above groups. Data from Italy suggest that some intakes
may be up to 3.5 ug/kg body weight per day i.e. 1.7 mg/week/70 kg.

Actual measurements Dy biological monitoring of mercury in blood of
such populations in Italy have ranged up to 400 ug/l of red blood
cells. This corresponds to levels of up to 200 ug/ml of whole blood.
Some additiomal data from other Mediterranean countries may be
available but they are not published. The few studies undertaken have
not detected health effects due to methylmercury intake through
seafood. However, this does not exclude the possibility of cases of
mild methylmercury poisoning in the studied areas.

In summary, it is clear that there are serious gaps in the knowledge
needed for an appropriate evaluation of health hazards and protection
of the possible populations at risk.

Some suggestions for future studies needed to supplement existing
knowledge in order aof priority are:

(1) The accumulation of more extensive data about the mercury
content of various species and sizes of fish sampled from
specific consumption areas. Countries and islands with an
entirely Mediterranean coastline and a high per capita fish
consumption would be suitable. "Hot spot" areas could be
selected and studied in depth.

(ii) Parallel to the above study, the eating habits in a few selected
populations , covered for a full cycle of fish stocks
(i.e. possibly for 1 year) should be undertaken.
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(iii) wWhen definite data concerning a population, the fish they
actually consume and its mercury content becomes available, some
biological monitoring should be undertaken in selected
population, possibly commencing with the analysis of hair
samples by internationally agreed compatible methods.

(iv) Studies should be undertaken to accumulate data on infantile
mortality and morbidity in the areas under investigation.

(v) Surveys should be undertaken toc identify anthropogenic scurces
of mercury and other selected pollutants and their contribution

to the contamination of fish.

Proposed environmental quality criteria for mercury in

Mediterranean seafood

The Consultation to re-examine the WHOQ environmental health criteria
for Mercury (Geneva 21-25/4/80) and subsequent studies, acknowledged
that the WHO Provisional Tolerable Weekly Intake of 200 ug
methylmercury for a person of 70 kg body weight remains a valid
recommendaticn in the light of presently available data. Based on
present data on fish consumption in the Mediterranean area and
concentration of methylmercury reported in fish, as mentioned in
paragraph 3 above, it is considered that the major part of the
population has an intake well below the PTWI, and that there seems to
be little risk of not imposing an upper limit to the mercury level in
marine organisms used for human consumption.

However, since a part of the population in the Mediterranean area have
an intake of methylmercury through seafood which exceeds the PTWI, 1t
should be recommended that the total intake of methylmercury through
seafood be limited to protect such segments of population. It 1s
realized that any such action may be contingent upon the availability
of adequate data. [n such situations the following courses of action
could be considered:

(a) Advice on dietary intake, including:

(1) cheice of the species and/or the size
of fish allowed for consumption;

(i1) frequency and number of fish meals;

(iii) diversified sources of protein.

(b) The establishment of environmental quality criteria for
mercury in other parts of the marine ecosystem which might
end up 1n the banning or limitation of fishing, and/or the
limitation of anthropogenic mercury discharged in certain
areas with exceptionally high envirommental mercury levels.
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The advantages and disadvantages of various administrative actions are
set out in Table III.

Since almost all marine species fit for human consumption are likely
to have greatly elevated levels of methylmercury when caught in areas
adjacent to anthropogenic mercury discharges it is clearly important
to reduce as far as possible such sources of contamination. However,
in the light of the natural sources of mercury found in the
Mediterranean Basin this is uniikely to be an effective measure for
the general Mediterranean mercury problem unless taken together with
other steps. Any health effects will be the result of the total
intake of mercury which is itself a function of the levels in the
seafood, the quantity ingested per meal and the frequency of such
meals. As has been indicated, the complete elimination of
methylmercury from dietary fish is not feasible. However, where there
is evidence of intakes of mercury above the recommended WHO
Provisional Tolerable Weekly Intake this should be reduced by the
recommendation of suitable dietary modifications.

Finally it should be noted that at the WHO Consultation held to
re-examine the WHC Environmental Health Criteria for Mercury held in
Geneva, 21-25 April 1980, it was concluded that "the fetus and
possibly the pregnant woman are at greater risk than the non-pregnant
adult population and, though not at present prepared to make a firm
estimate of increased risk the group feels that the situation should
be kept under close observation pending further evidence”. In the
light of this recommendation it is clearly adviseable to pay
particular attention to pregnant women in any survey.
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