Predictive modelling of steroid oestrogens in sewage effluent and rivers
demonstrates the potential for endocrine disruptive effects in wild fish
populations in South Australia
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Endocrine disruption in wild fish has been well characterised in the UK where it has been linked to sewage
treatment works (STW) effluent containing the steroid oestrogens: 17B-oestradiol (E2), oestrone (E1) and 17a-
ethinylestradiol (EE2). In Australia, they have been detected in effluents at concentrations similar to those found in
the UK and there is some evidence of endocrine disruptive effects in fish downstream of STW'’s (Batty and Lim,
1999). This study is the first to use predictive modelling to assess the concentrations of steroid oestrogens in South
Australian STW effluents and the Onkaparinga River as a preliminary risk assessment for wild fish populations. The
predicted concentrations in STW effluents and the receiving rivers in South Australia were comparable to those in
the UK and when the models were modified to project scenarios under climate change and population growth for
2050, there was generally an increase in the average concentrations in both countries. Under both present day and
future scenarios, effluent discharge on the Onkaparinga River in South Australia is projected to cause
concentrations of steroid oestrogens in receiving waters exceeding the 1ng/L combined EEQ PNEC, suggesting that
without sufficient mitigation there is a risk of endocrine disruptive effects occurring in wild fish populations.
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METHODS
Corroborating the Effluent Model
P : Modelled data was compared with 6 months of LC/MS-MS data
Predicting Effluent Concentrations f UK STW (B pl 5019 / - >
4 STW’s in the UK and 12 in South Australia. orad (Baynes et al. ) ,
Projecting Oestrogen Concentrations in 2050: The Effects of and
E1 and E2: per capita consumption was calculated using a model Predicting River Concentrations Population and Climate Change
modified from Johnson and Williams, 2004 which splits a Based on per capita consumption and predicted effluent Three population projections were produced from the Office for
oopulation into cohorts based on their oestrogen excretion. concentrations. National Statistics, UK and the Australian Bureau of Statistics based
S = per capita consumption of oestrogen arriving at an STW (ug/d) UK: LOWFIOWSZOOO-WQX Was used tO prEdiCt Concentrations On. den_]ogra?hic aSSUI’T.\pt.iOnS Of fu.ture fertlllty’ mortality and
- U= total oestrogen excreted in urine and faeces for a cohort fraction (fi) of on the River ErewaSh, m|grat|0n (ngh (A)I PrInCIple/Medlum (B) and LOW (C)
SE? = (.5 Z‘ﬁ {UEE} the population.
i=1 Cohort fractions (fi) are menstrual females, menopausal females, SOUth AUStraIia,' A mOdIfled Source CatChmentS mOdE| wWas . .
_ menopausal females on HRT, pregnant females, males. 1t dict trath the Onk , o These data were used to produce per capita consumption rates for
SE1 = Z FI(UEL) + 05 SE2 | o e e ctics (pey o) sratistics (ONS) and the Used 1o predict cohcentrations oh the Lnkaparinga RIVEL. E1 and E2 to model effluent concentrations for 2050. Per capita
i=1 value for £ of 0.5 assumes that 50% will be dearaded to EL in the o _ o _ consumption of EE2 was assumed to remain at day present levels.
e gtem fhat 50% wil be degraded fo ELIn Predicting Overall Oestrogenic Activity and Risk Assessment 5 VL
EE2: based on the number of prescriptions from health services EEQ (ng/L) = [EE2]/0.1 + [E2]/1 + [E1]/3 River models were modified to represent medium sensitivity
in each country (Runnalls et al., 2010). PNEC = 1ng/L EEQ (Young et al., 2004) climate change scenarios with reduced river flow.
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RESULTS
What does the future hold?
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Figure 1: Average predicted effluent EEQ (ng/L) for 4 UK STW’s and 12 Australian STW’s (left) and a comparison Load arriving at STW’s and effluent 100 UK B 10 Australia B
between the EEQ from measured (d?ts) and modelled (lines ) st?roid oestrogens (right) . Upper, average and concentrations of steroid oestrogens 0 —UKC . —Australia C
lower values were modelled to provide a range based on excretion. are projected to increase under all 2011 2021 2031 2060 2011 2021 2031 2060
Oestrogen concentrations in effluent in South Australia are predicted to be similar to the UK. scenarios (except UKC). High Population (A), Principle/Medium Population(B), Low Population (C)
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CONCLUSIONS

Predictive modelling is a good first tier assessment tool for producing a representative value for an STW. Not necessarily for day to day analysis.
Oestrogens are predicted to be present in UK and South Australian effluents and rivers at concentrations exceeding the UK PNEC for endocrine disruption in fish.

Without mitigation concentrations will potentially increase on average in the future.




