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Introduction

To estimate dietary exposure to PCDD/Fs and PCBs it is important to take into account the
contribution from as many d1fferent foods as possible. In the UK the Total Diet Study (TDS)
provides some of this information'. The fish food group from this study includes both marine and
freshwater fish in proportion to their consumption in the UK. A previous survey of farmed trout
has provided data for the PCDD/F and PCB content of freshwater fish but only limited data for
marine fish were available’. This paper presents results of a survey of PCDD/Fs and PCBs in
retail marine fish and fish fingers available in the UK in order to estimate the dietary exposure of
consumers to these chemicals from fish. For the survey 108 samples of marine fish, 12 samples of
salmon and 12 samples of fish fingers had their PCDD/F and PCB content determined.

Marine fish have been surveyed in other countries, especially for PCBs™*.

Materials and Methods

Samples of fish were either fillets, for larger species such as cod and haddock, or whole fish.
Whole fish samples were filleted and all fillets were skinned, sub-sampled and homogenised. Fish
fingers were homogenised complete with their breadcrumb coatings. All analysis was done on raw
samples in contrast to the TDS fish sample in which the foods were analysed as consumed i.e.
cooked.

The seventeen 2,3,7,8-substituted dioxins and furans, four non-ortho-PCBs (77, 81, 126 and 169)
and twenty one ortho-PCBs (18, 28, 31, 47, 49, 51, 52, 99, 101, 105, 114, 118, 123, 128, 138,
153, 156, 157, 167, 180 and 189) were determined.

The extraction, clean up and analysis methods used have been published previously’.

Results and Discussion
More information on this survey is available in a UK MAFF/Depanment of Health Joint Food
Safety and Standards Group Food Surveillance Information Sheet'.

The results ranges and mean concentrations for individual species are presented in Table 1.

In summary the concentrations of PCDD/Fs and dioxin-like PCBs found in the fish samples
ranged between 0.9 and 140 ng WHO-TEQ/kg fat. In general, concentrations found in this survey
are similar to those found elsewhere. Concentrations of PCDD/Fs and PCBs in samples of fish
taken from the Baltic Sea, which is known to be contaminated, have been found to be higher®’.

For white (<10% fat) fish (including fish fingers):

e PCDD/Fs concentrations were in the range 0.3 — 43 ng WHO-TEQ/kg fat.
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¢ Dioxin-like PCBs concentrations were in the range 0.3 — 91 ng WHO-TEQ/kg fat.
¢ Combined PCDD/Fs and PCBs were in the range 0.9 — 110 ng WHO-TEQ/kg fat.

For oily (>10% fat) fish:

¢ PCDD/Fs concentrations were in the range 1.0 — 38 ng WHO-TEQ/kg fat.

¢ Dioxin-like PCBs concentrations were in the range 2.5 — 110 ng WHO-TEQ/kg fat.
¢ Combined PCDD/Fs and PCBs were in the range 3.4 — 140 ng WHO-TEQ/kg fat.

Concentrations of PCDD/Fs and PCBs found in the survey varied with the fish species, fat
content and sampling month. Concentrations of PCDD/Fs and PCBs on a fat basis were
significantly higher in herring, red fish and plaice than in the other species. Significantly lower
concentrations of PCDD/Fs and PCBs on a fat weight basis were found in haddock and mackerel.
A trend towards lower concentrations on a fat weight basis was seen for samples collected in
February than those collected in November and May. On a whole weight basis this trend was not
apparent, possibly due to seasonal variations in fat deposit patterns in fish.

Dietary exposures to PCDD/Fs and PCBs have been estimated from the results of this surve X
using the mean concentrations determined in each fish species and dietary survey data'"
Imported and UK fish were considered together for the purpose of calculating the mean
concentration in individual species. Concentrations of PCDDs and PCBs in food products derived
from fish tissue were assumed to be those of the parent fish species i.e. concentrations in kippers
were assigned the same values as those found in raw herring. Fish cakes and cod in bread crumbs
were assigned the same concentration values as ﬁsh fingers. Trout PCDD/F and PCB content was
assumed to be that found in the previous survey'. The concentrations of PCDD/Fs and PCBs for
the other food groups were assumed to be those estimated in the 1992 TDS survey.

Estimated average and high level (97.5" percentile) dietary exposures to PCDD/Fs and PCBs by
UK adult consumers of marine fish, in combination with the rest of the diet are presented in
Table 2. In summary, the dietary exposures to PCDD/Fs and PCBs from the consumption of fish
and the rest of the diet were estimated to be:

e 2.6 pg WHO-TEQ/kg bodyweight/day for average adult consumers and 5.6 pg WHO-
TEQ/kg bodyweight/ day for a high level (97.5". percentile) adult consumer;

e 2.8 pg WHO-TEQ/kg bodyweight/day for the average schoolchild (age 10 — 15 years)
consumer and 4.7 pg WHO-TEQ/kg bodyweight/ day for a high level schoolchild consumer;
and

e 55 - 6.5 pg WHO-TEQ/kg bodyweight/day and 83 - 10 pg WHO-TEQkg
bodyweight/day for average and high level toddler consumer respectively, depending on age
group.

Analysis was carried out on raw samples. It has been observed by others that cooking can result
in the concentrations of PCBs reducmg by an average of 46%'>"". These findings are consistent
with the results from TDS surveys'. PCB concentrations in hemng from the Baltic Sea, whxch
have been the subject of long-term monitoring, are seen to be declining by 6.3 — 13% per year®.
It is likely that PCDD/F and PCB concentratlons in marine fish on sale in the UK are also falling
in line with the trend seen in other studies'.
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Table 1: Concentrations of PCDD/Fs and PCBs in edible tissue samples from marine fish
(ng WHO-TEQ/kg fat).

Concentrations (ng WHO-TEQ/kg fat)

Fish Type PCDD/Fs PCBs PCDD/Fs & PCBs
n Mean Range Mean Range Mean Range
UK landed
Cod 17 9 2.1-24 17 3.3-76 26 7.2-98
Haddock 16 6.9 1.1-14 7.4 2.2-22 14 5.5-24
Plaice 10 25 3.6-43 42 9.5-55 67 13-90
Whiting 14 83 2.0-20 23 2.4-91 32 4.4-110
Herring 10 24 13-38 59 12-110 83 26-140
Mackerel 13 3.8 1.0-9.0 14 2.5-31 17 3.4-40
Salmon 11 6.5 4.6-11 19 12-30 25 16-38
Fish fingers 12 0.7 0.3-24 1.6 0.3-6.2 2.3 0.9-6.6
Lmported
Cod 13 6.1 1.4-18 9.7 2.0-32 16 6.3-50
Haddock 10 4.6 1.9-8.5 54 1.9-12 10 4.2-19
Plaice 3 20 16-27 33 21-57 54 37-84
Salmon 1 3.4 3.4 12 12 16 16
Red fish 2 14 12,16 43 42,44 57 57,57

Table 2: Estimated upper bound dietary exposure of adults to PCDD/Fs and PCBs from marine
fish and the rest of the diet (pg WHO-TEQ/kg bodyweight/day)

Fish Type Average consumer High level consumer

PCDD/Fs PCBs PCDD/Fs PCDD/Fs PCBs PCDD/Fs

and PCBs and PCBs

Cod 0.02 0.03 0.05 0.05 0.09 0.14
Haddock 1 0.01 0.01 0.02 0.02 0.02 0.04
Plaice 0.11 0.18 0.29 0.22 0.36 0.58
Whiting t 0.01 0.03 0.04 0.03 0.07 0.09
Fish fingers/cakes 0.01 0.03 0.04 0.04 0.08 0.12
All white fish} 0.03 0.06 0.09 0.15 0.25 0.40
Herring 0.86 2.20 3.0 1.7 4.4 6.1
Mackerel 0.21 0.76 1.0 0.51 1.9 24
Salmon 0.17 0.51 0.68 0.59 1.7 23
All oily fishtt 0.22 0.60 0.82 1.3 3.5 4.8
All fish 0.14 0.33 0.47 0.94 2.5 34
All fish + rest of 1.6 1.0 2.6 29 2.9 5.6
diett?

t  Consumed by less than 60 (2.5%) of participating adult consumers. High level to be treated with caution.

I Also includes dogfish, halibut, hake, lemon sole, scampi, skate, sole, squid and turbot at concentrations found in
1992 TDS fish group sample.

ft Also includes trout at concentrations found in farmed trout survey and consumption of anchovies, bloaters, eels,
pilchards, sprats, tuna and turbot at concentrations found in 1992 TDS fish group sample.

1} Dietary intakes from the rest of the diet were estimated from concentrations found in the 1992 TDS samples for
food groups other than fish.

ORGANOHALOGEN COMPOUNDS
Vol. 47 (2000) 337




