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Figure 1 Sites and areas from which fish and shellfish samples were collected, 
showing ICES statistical rectangle codes. 



1. Introduction 

Until about 1982, the main purpose of collecting fish and shellfish 
contaminant data was to establish the distribution of contaminant levels in 
the marine environment, i.e. the fish and shellfish were used as indicators. 
The data were also used to obtain a general idea of the quality of fish for 
human consumption and to assess the risk posed by the contaminant levels to 
fish and shellfish stocks. It is now apparent that, for the most part, 
neither fish and shellfish nor man are at risk from the levels of contamina- 
tion generally found around our coasts. However, there is a considerable 
interest in using fish and shellfish to establish the effectiveness of past 
and future reductions in inputs of contaminants brought about as a conse- 
quence of controls on discharges to the marine environment. 

Since 1982, it has been realized that in order to meet these various 
objectives it is desirable to use sampling strategies specifically designed 
for the purpose and that this is essential if the data are to be used for 
assessing temporal trends, an objective which is increasingly coming to the 
fore. As these changing objectives have been recognized our sampling 
strategies have changed, and as a result the data collected during those 
years prior to about 1982 are not fully comparable. Nevertheless, as the 
data were collected at public expense it is considered desirable that they 
be made available to the general scientific community and to informed lay- 
readers, even though some of the results are rather dated. In future, it is 
intended that reports will be prepared annually and will deal with other 
aspects of environmental quality, e.g. contaminant levels in water as well 
as in fish and shellfish. 

In line with the policy of publishing the results of investigations 
undertaken by its scientists, earlier reports in this series, produced by 
the Fisheries Directorate of the Ministry of Agriculture, Fisheries and Food 
(MAFF), have already given information on the levels of chemical contami- 
nants in fish and shellfish stocks exploited by fishermen in England and 
Wales (Portmann, 1979; Murray, 1979, 1981; Murray and Portmann, 19841, the 
most recent of which dealt with fish and shellfish sampled in 1976. The 
present report summarizes the information obtained since that time and 
includes all of the 1984 and some of the 1985 data, which were available at 
the time of going to press (Appendix 1). More recent data are presented 
either in the appropriate tables, or have been added to them as comments. 

Some of the data on contaminants in fish and shellfish included in this 
and earlier reports in the series have also been presented in the various 
reports of the- MAFF Steering Group on Food Surveillance (e.g. MAFF, 1983, 
1986). 

As indicated above, samples included in this report were taken pri- 
marily for the purpose of general monitoring of contaminants in fish and 
shellfish. In several instances results are available for the same species 
collected over several years, particularly from some inshore areas where it 
was thought that contamination problems might occur. However, it must be 
emphasized that the data were not collected for trend monitoring purposes, 
for which a recent detailed assessment by the International Council for the 
Exploration of the Sea (ICES) has shown that the sampling requirements in 
respect of area, size of fish, time of year and frequency of collection need 
to be very stringently controlled and based on statistical requirements set 
by planned subsequent statistical analysis. Consequently, some caution 
should be borne in mind when the data are referred to as indicating trends. 
A separate special trend programme, started in 1982 and incorporating proper 
statistical design, is being undertaken using the guidelines produced by 
ICES (ICES, 1984) and these results will be published elsewhere. 



Further papers will also be produced on other discrete studies under- 
taken during the last few years. These have included investigation of dif- 
ferences brought about by biological factors (e.g. accumulation of contami- 
nants with age) and geographical factors (spatial variation of contaminants 
in fish). 

2. Methods 

2.1 Sampling 

The fish and shellfish samples reported on here were generally taken by 
trawl or dredge using MAFF research vessels, but some commercial fishing 
vessels were used when this was the most cost-effective means of obtaining 
samples at the desired time. The areas from which samples were taken are 
indicated in Figure 1; emphasis was placed on inshore areas where contami- 
nation problems were thought most likely to occur. Mussels were collected 
from the shore at low water; crab samples were purchased from local 
sources. 

Whenever possible, samples consisted of ten or more individuals, but 
where a species was less common, fewer were taken for analysis. Fish and 
shellfish are described in this report by their common names. (Full speci- 
fic names are given in Appendix 2.) 

2.1.1 Fish 

The length, weight and sex of each fish was noted before tissue samples 
were taken. In the early years covered by this report, the muscle tissues 
of individual fish were generally analysed separately for metals, but from 
1982 onwards, duplicate analyses of pooled muscle tissue were sometimes 
undertaken. This change was in line with the ICES guidelines for the use of 
biota for chemical monitoring (ICES, 19841, which indicated that such analy- 
ses were adequate for quality assurance programmes. Because organochlorine 
pesticides and PCBs are lipophilic (i.e. accumulate in fatty tissue rather 
than water), analyses of these residues were carried out mainly on liver 
tissues, which in most fish species contain high levels of lipid (fat). 
However, although liver residues give a better indication of contaminant 
levels around the coast of England and Wales, muscle concentrations are of 
more interest from a quality assurance point of view. Accordingly, where 
comparatively high residues of pesticides/PCBs were found in liver tissue, 
analysis of the corresponding muscle tissue was also undertaken. The amount 
of liver tissue available from many species is limited and sometimes analy- 
sis of only a single bulked sample could be made. 

2.1.2 Shellfish 

Shellfish were generally analysed for metals on a bulked tissue basis. 
Concentrations of pesticides are extremely low in most molluscs and crusta- 
ceans and hence analysis for these compounds was not always carried out; 
when analyses were carried out, bulk tissues again were used. Generally, 
molluscs were analysed on a whole tissue basis, but in the case of scallops 
and queens, only the muscle tissue was analysed. With regard to the crusta- 
ceans, whole shrimps and the tail meat of Nephrops were analysed. Crabs 
were analysed only for cadmium, the contaminant of special interest for this 
species, using the hepatopancreas (brown meat) and the claw muscle (white 
meat). 



2.2 Analysis 

Concentrations of copper, zinc, cadmium and lead were determined by 
conventional flame atomic absorption spectrophotometry (AAS) of a solution 
prepared from a nitric acid .(or in the case of the earlier samples nitric 
acid/peroxide) digest. Mercury was determined by an automated cold vapour 
AAS technique based on the method of Kirkwood (1976). The method routinely 
used for detecting cadmium and lead is not capable of detecting these ele- 
ments in fish or shellfish tissues at concentrations normally below 0.2 mg 
kg-' wet weight. Although this concentration is considerably exceeded in 
some shellfish species, levels in fish muscle are generally at, or below, 
the detection limit. Because concentrations were so low, the analysis of 
fish muscle for cadmium and lead has not been carried out since 1982. 

Analyses were made of the following organochlorine residues: a and y 
HCH, dieldrin, DDT (including its metabolites DDE and TDE which together are 
referred to as C DDT), PCBs and, in later samples, HCB. Following n-hexane 
soxhlet extraction of the fish or shellfish tissues, residues were deter- 
mined by gas liquid chromatography, using electron capture detection after 
alumina and silica column clean-up and separation. 

3.  Results 

In the last report in this series, Murray and Portmann (1984) stated 
that subsequent publications would not include detailed results of all ana- 
lyses undertaken, as levels found in samples from many areas were very low 
and there was no cause for concern. In this report, therefore, emphasis is 
placed on studies of areas where contamination is known to occur, although 
some recent data from uncontaminated areas are also included. For some of 
the latter, e.g. parts of the English Channel, only the one sample was in 
fact taken during the period covered by the report. For others, more data 
are available but, in order to avoid the reproduction of very extensive 
tabulations, these are not reported here. All of the tables are presented 
together in Appendix 1. To simplify presentation, only one set of results 
of liver analysis per sample is given throughout the tables but, for most of 
the more recent fish samples, further data are available. 

It must be emphasized that any omissions have been made purely in the 
interests of simplifying presentation, thus, for example, where data exist 
for intermediate years but have been omitted they are similar to the results 
which are reported. 

In the tables, the first value given for cadmium in crab is the concen- 
tration in the claw meat; the second is that in brown meat. 

The results obtained from samples of fish and shellfish taken around 
the coasts of England and Wales are presented in Table 1 (North sea coast), 
Table 2 (English channel) and Table 3 (west coast/Irish Sea). For each 
area, data are presented showing the concentration of metals in fish muscle 
and pesticides/PCBs in fish liver, followed by results for shellfish tissue. 
Where the shellfish did not come from exactly the same areas as the fish, 
the point of capture is indicated. All concentrations are expressed on a 
wet weight basis. The percentage of dry matter in muscle and of fat (lipid) 
in liver are included to allow conversion of the data to a dry and lipid 
weight basis, respectively. 

Where metal analysis of individual fish was carried out, the range of 
contaminant values in a sample is given below the mean. Where analysis of 



duplicate bulked samples has been undertaken, both results are listed in the 
tables, below the mean. 

As previously mentioned, fish muscle now is not considered suitable for 
analysis for cadmium and lead but fish liver has been suggested as an alter- 
native sampling substrate. Concentrations measured in muscle and liver have 
been included in the tables. From these results it can be seen that concen- 
trations of cadmium and lead are generally at, or below, detection limits. 

The results of analyses of pesticides/PCBs in fish muscle, carried out 
where levels were found to be comparatively high in fish liver, are given in 
Table 4. 

The time-series of data available for concentrations of mercury in fish 
flesh are given in Table 5 and of C DDT and PCBs in liver in Tables 6 and 7, 
respectively. In Tables 6 and 7 the maximum levels of contaminants found at 
any one time are listed, avoiding some of the difficulty which inevitably 
arises when comparing non-standardized samples of varying fat content. 

Evaluation of the results has been assisted by reference to standards 
or guidelines which have been developed for the various contaminants by 
organizations such as the European Commission, the Joint Monitoring Group 
(JMG) of the Oslo and Paris Commissions and the Food and Agriculture 
Organization (Codex Alimentarius). These, together with the general food 
standard regulations and guidelines which apply in England and Wales are 
shown in Appendix 3 .  Also shown are the ranges of levels of the contami- 
nants which, on the basis of past experience, would normally be expected to 
occur in samples of fish and shellfish taken from areas around England and 
Wales which are not subjected to any particular sources of contamination, 
i.e. they represent 'background' levels. Expressions such as low, moderate 
and high are used in the text when comparison are made with these expected 
ranges. The terms 'lower', 'medium' and 'upper' refer to JMG guidelines. 
These guidelines refer to the ranges of contaminant concentrations which 
would be expected to occur, based on the results submitted by all the coun- 
tries which participate in the Joint Monitoring Programme (JMP) of the Oslo 
and Paris Commissions. They do not necessarily imply any risk to human 
health or to the environment but are used simply to indicate a possible need 
for action. Thus, if levels are in the 'upper' category, investigation to 
establish the source of contamination would be considered to be of much high 
priority than would be necessary if the levels found were in the 'lower' 
category. 

3 . 1  The North Sea coast 

The results are summarized in Table l(a-d). 

3 . 1  .l Tyne area 

Metal levels generally in fish and skelPfish from this area were found 
to be low' (wood and Franklin, 1983) and the more recent results summarized 
in Table l(a) confirm this. The mean mercury concentrations found in each 
species were virtually all below 0.15 mg kg- wet weight and many were in 
the 'lower' JMP category. The one exception was Nephrops in 1978, when the 
level was 0.28 mg kg-'. The latest (1984) value was considerably lower 
(0.19 mg kg-'). With regard to copper and zinc, concentrations were low, 
except for the sample of dab in which the zinc concentration was higher than 
normal, though still well below the guideline limit for foodstuffs 



(Appendix 2). High levels of copper and zinc were found in sprats; this 
was expected, since analyses were carried out on whole fish and included 
liver tissue in which these elements are accumulated to much greater concen- 
trations than in muscle. Cadmium in shellfish was found only at low to 
moderate concentrations; lead concentrations in all shellfish were below 
1.0 mg kg-' wet weight. 

Concentrations of organochlorine pesticide residues were generally low 
in liver tissue from fish species, excepting the 1982 sample of cod where 
C DDT exceeded 2 mg kg-' wet weight, probably because these fish were 
unusually large. In contrast, the concentration in smaller cod (average 
length 52 cm) taken in 1984 was only 0.44 mg kg-'. Even in the 1982 sample, 
pesticide concentrations in the fish muscle (Table 4) were very low. Levels 
of PCBs were generally low and give no cause for concern. 

Concentrations of organochlorine pesticides and PCBs in shellfish were 
rarely much above detection limits. 

3.1.2 Humber area 

The analytical results from samples taken from this area  a able l(b)) 
indicate that the levels of metal contamination in fish and shellfish tissue 
give no cause for concern. Mercury concentrations were in the 'lower' or 
'medium' ranges and copper and zinc concentrations lay within the expected 
(Appendix 3) range for fish muscle and shellfish. 

Levels of cadmium and lead in the samples of shellfish examined from 
this area in the 1977-84 period were fairly low. There are no commercially 
exploited mussels (~ytilus) in the Humber estuary as they are difficult to 
obtain from the region; none was analysed during the 1978-84 period. How- 
ever, two samples were obtained in 1985  a able l(b)). Concentrations of 
cadmium in both samples were below 1.0 mg kg" wet weight, though conversion 
of the concentrations found at .one station (Bull ~ort) to the dry weight 
value would result in them just entering the JMP 'upper' category. However, 
it is worth noting that these were in poor condition and would not have been 
regarded as edible. Lead concentrations were below detection limits. 

Concentrations of PCBs and most organochlorine pesticide residues in 
fish liver were at low or moderate levels, except for dieldrin, which was 
found in concentrations considerably higher than the expected range. The 
levels of dieldrin, however, represent a marked reduction compared with 
those found previously in the Humber. In the mid-1970s, concentrations of 
dieldrin in cod and whiting liver at times exceeded 2 mg kg" wet weight, 
contamination probably being caused by the discharge of effluents by the 
mothproofing industry, which in the past used dieldrin for this purpose. 

Concentrations of organochlorine pesticides and PCBs in fish muscle 
(Table 4) and shellfish  a able l(b)) were low. 

Arsenical wastes are discharged to the Humber estuary, and the concen- 
tration of arsenic was therefore determined in a number of samples of fish 
taken from this area in 1977. The results from this study, which have 
already been reported (Murray and Norton, 19821, indicated that levels were 
similar to those in fish collected from areas remote from anthropogenic 
sources of arsenic. 



3.1.3 Southern Bight 

The more recent samples confirmed previous findings, i.e. that heavy 
metal concentrations in fish are in the low to moderate range co able l(c)). 
Similarly, the levels of organochlorine pesticides were low in both fish 
liver and muscle and in shellfish. There is some indication from Table 6 
that C DDT levels may have decline in recent years. 

The main determinand of interest in this area is PCB, the levels of 
which were unusually high in fish liver in the late 1960s to mid-1970s. The 
results from samples collected from this and other areas in the period 
covered by this report are summarized in Table 7. It must be remembered 
that caution is needed when comparing recent data with those obtained 
earlier, as samples were collected primarily for the purpose of assessing 
contamination distribution and not for trend studies; nevertheless, the 
high levels found in the Southern Bight in 1975 do not appear to have been 
reached since that time. During the period covered by this report levels 
showed no consistent pattern, the 1982 and 1983 values for cod liver remain- 
ing in the JMP 'upper' level category. Concentrations of PCBs in cod muscle 
(Table 4) and in molluscs  a able l(c)) were in the 'medium' or 'lower' clas- 
sification levels which gave no cause for concern. 

3.1.4 Thames Estuary 

Early surveys of this area indicated contamination of fish muscle with 
mercury (MAFF, 1973) and of fish liver with some pesticides and PCBs 
(Mumay, 1979) ; accordingly, samples have been obtained for most years 
between 1977 and 1984 (~ables 5, 6 and 7). 

Recent samples (~ables l(d) and 5) indicate a considerable reduction of 
mercury levels in fish flesh, all concentrations, even those in individual 
species, falling below 0.3 mg kg-' wet weight. The overall species average 
concentration in 1984 of 0.13 mg kg-' is less than a third of that recorded 
in the early 1970s; this follows a reduction of inputs in recent years to 
less than one-sixth of the 1972 value (JMG, 1984). Thus, although it should 
be emphasized that the samples were not collected specifically for trend 
assessment purposes, there is a clear indication of a fall in the concentra- 
tion of mercury in fish over the period of this report. To assess this more 
accurately, a separate trend analysis programme is being carried out in this 
area using samples consisting of large numbers of immature plaice. Analysis 
of the results so far obtained shows that there has been a reduction in the 
mean mercury concentration in the muscle of these plaice from 0.08 mg kg-' 
in 1980 to 0.06 mg kg-' in 1983. 

The concentration of mercury in shellfish was low, except for one high 
level (0.60 mg kg-') in the whelk sample collected in 1977. The mercury 
concentrations in two whelk samples collected in 1985 were only 0.13 and 
0.14 mg kg-' wet weight. 

The levels of copper and zinc in Thames fish and shellfish were gene- 
rally within the expected ranges, though in a number of flatfish concentra- 
tions of zinc were near the top of the expected range. The cadmium concen- 
tration in the whelk sample was fairly high, but only in the 'medium' 
category in both mussel samples. Lead levels were unremarkable. 

The levels of organochlorine pesticide and PCB residues in fish livers 
in 1983 reveal higher than normal dieldrin levels in some species and an 
elevated pp DDE concentration in whiting. However, the pp DDT level was 



fairly low, indicating that the source of the contamination was not recent 
(DDE is a degradation product of DDT). Similarly high values were not 
recorded in 1984  a able l(d)). 

The maximum concentrations of C DDT and PCBs found in fish livers 
during the period covered by this report are listed in Tables 6 and 7. 
There appears to be little consistent pattern in the results for the Thames 
area, although there is some indication of a reduction in concentrations of 
PCBs in the livers of the round fish species; levels have generally been in 
the 'medium' range for a number of years, representing a very considerable 
improvement over the situation in the mid-1970s. A reduction can also be 
noted in C DDT levels if 1984 and mid-1970s concentrations are compared, 
though some occasional high values have been recorded in the 1977-83 
period. 

Residues of C DDT and PCB in fish muscle  able 4) were generally at 
moderate concentrations, apart from those found in flounder muscle in 1983, 
where the PCB concentration at 0.06 mg kg-' was in the JMP 'upper' category. 
The 1984 value was only 0.025 mg kg-', and even the 1983 level was well 
below that which would be likely to constitute a hazard to human health. 
Although there are no standards laid down in the UK for PCBs in fish, the US 
Tolerance Level for PCBs in fish and shellfish is 5.0 mg kg-l wet weight 
(Nauen, 1983). 

3.2 The English Channel 

Earlier surveys of contaminant levels in fish and shellfish indicated 
no areas of serious contamination, and sampling since 1977 has generally 
been only of an ad hoc nature. -- 

3.2.1 Eastern Channel 

Mercury levels in fish samples taken from several areas along the 
eastern Channel were generally in the 'medium' JMP category; all concentra- 
tions in shellfish were low  a able 2(a)). Similar moderate concentrations 
of the other metals were found in the fish and shellfish samples though, as 
in other Channel areas, levels of cadmium in scallops were considerably 
higher than those in the other molluscs. This may indicate that this 
species naturally accumulates cadmium in its muscle tissue; however, some 
contamination of muscle tissue by cadmium is possible from the digestive 
gland, which is known to accumulate this meta1,when scallops are stored 
frozen for any length of time  the and Chou, 1985). 

Organochlorine pesticide levels in fish and shellfish were usually low; 
fairly high concentrations of PCBs were recorded in the livers of cod from 
Rye and whiting from Hastings, but the level of PCBs in the muscle of the 
former sample was low (Table 4). Unfortunately, not enough of the whiting 
muscle was available for organochlorine analysis. The PCB concentration in 
liver of whiting, collected in 1985 off Hastings, was only 3.0 mg kg-l wet 
weight. 

3.2.2 Central Channel 

 e er cur^ concentrations found in all fish from this area were low 
(Table 2(b)). Levels of mercury in shellfish varied, with some moderate 
levels recorded in mussels. Copper and zinc concentrations were fairly high 
in pilchard, as would be expected for this lipid-rich species. Quantifiable 
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