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Biological effect measures in fish – application to treated sewage
effluent
Science summary: SC030278
A new report from the Environment Agency describes a
method that means we can directly measure the effect of
exposure to sewage effluent on fish reproduction. We
have known for some years that effluents from sewage
treatment works contain chemicals that can affect the
reproductive systems of many species of fish. These
endocrine disrupting chemicals can act as oestrogens
(female sex hormones) in the fish, leading to male fish
developing eggs in the testes and impairing their ability
to reproduce. This report describes new methods for
measuring how much a particular effluent affects
reproduction in fish by looking at the numbers of eggs
the fish produce both before and after being exposed to
the effluent. The researchers also measured levels of
certain proteins in the fish, as well as changes in
secondary sex characters, such as relative size of
testes. This new method will be very important not only
for developing new ways of treating sewage but also for
understanding more about the potential health effects
that these effluents might pose to wild fish populations.
Three effluents from sewage treatment works were
chosen for this study. Their oestrogenic activity was
assessed using a recombinant Yeast Oestrogen Screen
and by measuring the concentrations of two natural
steroidal oestrogens, 17β-oestradiol and oestrone. The
oestrogenic activity of effluent I was previously
determined to be high, whilst effluent II was intermediate
and effluent III was of low activity. The activity of the
effluents was shown to be stable during storage at 8 ºC
for 8 days. Fathead minnow (Pimephales promelas)
were exposed to the different effluents in a flow-through
system, both as non-spawning individuals and as
breeding pairs. The fathead minnow is a member of the
carp family, so it is representative of a large component
of the UK freshwater fisheries. It also has a relatively
fast reproductive cycle, which makes it possible to
measure potentially detrimental reproductive effects
within reasonable timescales.
The researchers looked at the concentrations of a
protein called vitellogenin that is a precursor for egg yolk
production as well as measuring secondary sex
characteristics. These biomarkers are dependent on

oestrogen and androgen levels and depending on the
stage of sexual development and sex of the fish ,can be
used as a measure of exposure to oestrogens, antioestrogens, androgens and anti-androgens. Vitellogenin
concentrations in the fish exposed to the three effluents
reflected the oestrogenic loads of the effluent. Exposure
to the effluents tended to increase the relative weight of
the male gonads but there was no similar affect in
females. There were no clear concentration-related
effects of the effluent on male SSCs.
In the pair-breeding experiments, effluent I reduced total
egg production at concentrations of 50% and 100%,
while effluent III (‘low’ oestrogenic activity) reduced egg
production at the 100% concentration only. In contrast,
effluent II (the ‘intermediate’ oestrogenic effluent) did not
affect egg production over the period of exposure (21
days). Control experiments using an oestrogen (17aethinyloestradiol),
consistently
induced
higher
concentrations of vitellogenin than any of the effluents
tested, but did not affect reproduction. This suggests
that the effects of the effluents on reproduction may be a
consequence of exposure to a complex mixture of
chemicals within the effluent, which act via multiple
mechanisms. This also demonstrates why it is so
important to use a pair-breeding test for assessing the
effects of effluents, as well as measuring the levels of
chemicals present and the biomarkers in non-spawning
individuals.
The results from these experiments demonstrate that it
is possible to measure the impact of exposure to
sewage effluents on reproduction in fish. This, in turn,
provides an important step to furthering our
understanding of the potential health effects that such
effluents might pose to wild fish populations.
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