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Exposure to pollutants through consumption of contaminated fish

Fish have a tendency to accumulate water pollutants. This tendency can lead to health consequences for fish
consumers. In the 1960s, hundreds — possibly thousands — of fishermen and their wives in the Minamata
and Niigata areas in Japan were poisoned from contaminated fish (1). Inorganic mercury had been dis-
charged into the sea, where it had been transformed into methylmercury, which accumulated in fish and
shellfish. In addition to severe neurotoxic effects in adults, there was also prenatal brain damage in fetuses.
Later, it was discovered that the methylmercury contamination of the fish was not an exceptional incident, but
rather a phenomenon occurring in many mercury-contaminated lakes, rivers, and coastal areas. Moreover, it
was found that the fish species at the top of the marine food chains may contain high methylmercury levels
even far out at sea.

The Baltic Sea is a marine environment that was heavily polluted with mercury. Thus subjects with high
intake of fish from some coastal areas have a considerable methylmercury load. But it became evident already
in the 1960s that the contamination of Baltic fish was more complex. Hence fat fish such as salmon and
herring contained high levels of DDT (dichlorodiphenyltrichloroethane) and its metabolites. Furthermore,
subjects with a high intake of such fish had a manifold increase in the blood levels of these agents (2).
As DDT is efficiently excreted into human milk, there was great concern about the exposure to breast-fed
infants.

But methylmercury and DDT was only the beginning. Thus the Swedish chemist Séren Jensen, while
studying the bioaccumulation of DDT, found high levels of what was later identified as polychlorinated
biphenyls (PCB), which had been widely used, for example, in electrical equipment (3). As in the cases with
other contaminants, it soon turned out that other areas in the world were also heavily contaminated, for
example, the Great Lakes. The toxic potency of these compounds to humans was revealed when they caused
mass poisoning due to the contamination of rice oil in 1968 in Japan and in 1979 in Taiwan (4).

Soon, the analytical chemists revealed new unpleasant facts. The fat fish from the Baltic Sea also
harbored many compounds belonging to the chemical families polychlorinated dibenzofurans (PCDF) and
dibenzo-para-dioxins (PCDD). In the case of the most prevalent of the PCDF — 2,3,4,7,8-pentachlorodiben-
zofuran (PeCDF) — the main source was probably incineration, for others it was pollution from the paper and
pulp industry, which used chlorine for bleaching. For the other congeners, many different sources con-
tributed.

PCDD have a bad reputation because they are distributed to the fat tissue, have a slow elimination rate,
and the most toxic congener — 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) — is the most toxic com-
pound synthesized by mankind (5). One impressive trait of TCDD is its extremely varying toxicity in different
species. This variation makes the toxicologic evaluation as to human risks very uncertain. However, TCDD
has caused several cases of human poisoning. In addition, there was widespread exposure of the armed
forces and general population in connection with herbicide use in the Vietnam war, and a major outbreak
among the general population at the industrial accident in 1976 in Seveso, Italy. Furthermore, PCDD/PCDF
are excreted in breast milk.

Other congeners of the PCDD/PCDF group also have similar effects, but with extremely varying potency. [t
is supposed that the effect is mediated through binding to the cytoplasmic Ah receptor. Thus there was a
need to establish a summary index of all similar congeners. Hence the toxic equivalency factor concept was
established on the basis of experimental data. The combined content of PCDD/PCDF, for example, in foods,
can thus be expressed as TCDD equivalents (TEQ). PCB contain congeners — the coplanar non- and mono-
ortho- PGB, which have TCDD-like effects. Thus TEQ from PCB may be added to those from PCDD/PCDF,
although this is far from all of the truth about PCB toxicity, because some congeners have other effects,
which are probably mediated through other mechanisms.

It turned out that subjects who consumed high amounts of fish from the Baltic Sea had increased levels of
PCDF/PCDD in their blood (6). Furthermore, they had increased concentrations of several PCB congeners,
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including coplanar ones (7, 8). In fact, as to the total TEQ in blood, the PCB made the greatest contribution.
Moreover, it was obvious that fish was a major source of these compounds in the Swedish population,
although subjects who never ate fish also had a load.

This issue contains a paper verifying the importance of fat fish from the Baltic Sea as a main source of
human exposure to PCDD/PCDF and PCB (9). Among Swedish fishermen, who have a high intake of fish,
those fishing in the Baltic Sea had much higher blood levels of these compounds than those fishing in the
North Sea (including Kattegatt and Skagerrak), in which the fish are less contaminated.

Of course, a main issue is whether this dietary exposure is of any toxicologic relevance. It is important to
stress that we do not know. PCDD are well known fo cause cancer, reproductive effects, and immunosup-
pression in experimental studies. PCB have similar effects. Thus these effects are the ones that should
primarily be considered. Hence it is interesting that a cohort study of fishermen from the Baltic and the North
Sea, which also appears in this issue (10), indicates some differences in cancer morbidity. Thus the Baltic
fishermen had an increased incidence of stomach and skin cancer and increased mortality from multiple
myeloma.

Obviously, these data, though interesting, do not allow conclusions to be drawn about a causal relation-
ship between dietary exposure to contaminants in fish and tumor induction. The skin cancer may well be due
to exposure to ultraviolet light. Moreover, the other findings may be due to multiple inference. In addition,
there is a possibility of confounding. Hence the contaminants of the fish consumed are probably not the only
difference between the two cohorts of fishermen. Thus firm conclusions must await further studies. However,
it is interesting to note that myelomas have been reported in the general population exposed at Seveso (11).
Furthermore, Baltic fishermen’s wives seem to have an increased risk of breast cancer (12), a tumor which
has also been associated with PCB exposure in other investigations.

Moreover, other studies may indicate additional adverse health effects. Thus there are some indications of
an association between the intake of fat fish from the Baltic Sea and immunologic effects (13, 14). Moreover,
the wives of Baltic fishermen (who also have a high intake of fish), more often give birth to infants with low
hirthweight than do the wives of North Sea fishermen (15). This finding is particularly interesting since
decreased birthweight was also reported for women who eat fish from Lake Michigan, which is contaminated
with PCB, presumably in combination with many other agents (16). Furthermore, the Lake Michigan children
possibly showed some effects on mental development (4).

The PCB exposure (other pollutants were not assessed) of the Lake Michigan women corresponded to an
intake of only 54 pg - d-' (though the estimate is very rough). If this is applied to the consumption of fat fish
from the Baltic Sea, it would correspond to only a few meals per week. Furthermore, because of the slow
elimination of PCDD/PCDF and some PCB, any such consumption befare a pregnancy would influence the
exposure of the fetus and the breast-fed infant. Thus the interpretation of the shaky toxicologic and epidemio-
logic information has great practical implications.

Fish is an important food. It is a major source of, for example, selenium (17,18) and n-3 polyunsaturated
fatty acids (19). The Baltic fishermen had low mortality from coronary heart disease (10), and this low
mortality may be associated with the positive aspects of fish intake. 1t is tragic that a food as important as
fish has been affected by poliution to a such a degree that authorities even consider recommendations
restricting its intake.

One light in the darkness is the fact that the restrictions, enforced in Sweden and other countries for the
use of DDT and PCB, seem to have been effective. Thus during the last few decades, the concentrations of
DDT and its metabolite DDE have decreased dramatically in the blood of Baltic fishermen (8). Such a
decrease has also occurred for PCB in Swedish breast milk (20). Furthermore, it seems that the levels of
some PCDD/PCDF congeners have also decreased in breast milk, possibly as a result of the reduction of
chlorine bleaching in the paper and pulp industry, which partly occurred already before the awarengss of the
problem.

On the other hand, there are probably many other pollutanis yet to be detected, once the analytical
techniques are available. There is, for example, toxaphene contamination of the fish. Furthermore, recently, a
new group of pollutants was identified in fish, as well as in the blood of Baltic fishermen — polychlorinated
naphthalenes (21). Hence it is important that skilled analytical chemists and environmental toxicologists
continue to identify and assess the toxicity of pollutants in fish.
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