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Abstract Estrogenic potency of water samples from
various rivers and wastewater treatment plants (WWTPs)
in Shanghai was determined to assess the estrogenic pol-
lution in typical Chinese urban regions. While the estro-
genic activity, calculated as estradiol equivalents (EEQs),
in surface water was found to be 2.48-41.9 ng/L, it was
47.7-80.1 ng/LL in the influents from WWTPs. After
treatment (removal rate of 62.3%-83.6%), the EEQ level in
effluents was 7.82-24.8 ng/L, which was within the range
of the corresponding receiving rivers. Our findings suggest
that WWTP effluents may not be the predominate source of
potential aquatic estrogenic contamination in Shanghai.

Keywords Estrogenic activity - Yeast estrogen screen -
River water - WWTPs water

Introduction

Endocrine disrupting compounds (EDCs) from natural and
synthetic sources have received a great deal of attention
since they are potential environmental contaminants
capable of interfering with the functions of the endocrine
system (Colborn and Clement 1992). In particular, EDCs
belonging to the esgtrogenic class have been studied the
most, because they can mimic, increase, or inhibit the
action of endogenous estrogens by a number of divergent
pathways (Gillesby and Zacharewski 1998). The lowest
observable effect concentration (LOEC) of estrogens
affecting fish production in the laboratory was found to be
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0.2-1.0 ng/L, which is lower than the concentration
detected in some contaminated water (Zha et al. 2008),
suggesting a potential health risk and a huge challenge for
aquatic animals.

The presence of estrogens in aquatic environment is a
growing global problem, and it has been reported in a
number of Asian countries (Duong et al. 2010). In China,
researchers have begun to evaluate the estrogenic potency
in water samples from areas such as Taihu Lake (Shen
et al. 2001), Beijing (Ma et al. 2007), Tianjin (Lei et al.
2009), Pearl River, South China (Gong et al. 2009) and
Nanjing (Lu et al. 2010), but the data are still limited.
Shanghai is one of the ten biggest cities in the world with a
population of nearly 20 millions. It is also China’s largest
industrial base and foreign trade port located in central
China’s Yangtze River estuary coastline. In this study,
surface water from four rivers as well as the influents and
effluents from four wastewater treatment plants (WWTPs)
in Shanghai were collected in the rainy season and dry
season for assessment of estrogenic potency using Yeast
estrogen screen (YES). This study was conducted to eval-
uate estrogenic activity in the aquatic environment in
China, and to gain insight into the possible pollution levels
of estrogenic chemicals in the municipal area of Shanghai.

Materials and Methods

Surface water samples from 38 sites along Huangpu River,
Suzhou Creek, Yunzao Brook and Yangtze River in and
around Shanghai were collected during both the rainy
season (April) and the dry season (November) of 2010
(Fig. 1). Influents and effluents, as well as different pro-
cessed waste water samples, were collected from four
municipal WWTPs in Shanghai.
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Fig. 1 Location of sampling sites in Shanghai area, China. Filled dot
represents the surface water sampled from Huangpu River, Suzhou
Creek, Yangtze River and Yunzao Brook in Shanghai. Filled square
represents the wastewater sampled from a wastewater treatment plant
(WWTP)

A recombinant yeast strain (Saccharomyces cerevisiae)
was kindly provided by Water Environment Technology
Co. Ltd., Wuxi Chinese Academy of Sciences. All water
samples were filtered through a 0.45 pm membrane for the
YES assay, and in some cases, the influents from WWTPs
were diluted with ultra-pure water due to the high value
of estradiol equivalents (EEQ). A serial dilution of
17 f-estradiol (E2, 0.272-272 ng/L) was used to plot an
estrogenic concentration-response standard curve. The
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Fig. 2 A standard dose-response curve for 17f-estradiol. The

f-galactosidase activity (U) was calculated according to an equation
described by Li et al. (2009)
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yeast cells were cultured at 29-30°C with shaking at
200 rpm for 48 h to the logarithmic phase with an optical
density value of about 0.7 at 600 nm (ODgg). An aliquot
of yeast culture (1 mL) was then added to a water sample
(8 mL) and incubated at 30°C with shaking at 200 rpm for
2 h in the presence of culture medium. All the water
samples were assayed in a minimum of triplicates, and
each included a positive control (E2, 27.2 ng/L) and a
negative control (DMSO). After 2-h exposure, the yeast
cells were measured for their ODgqq value and harvested by
centrifugation, followed by a f-galactosidase assay. The
EEQ values were determined by comparing with E2
induction rates. The matrix spike recoveries were at a range
of 66.7%-78.7%. Samples were negative in terms of
cytotoxicity toward yeast cells.

Results and Discussion

An S-shape curve of the concentration of E2 versus
p-galactosidase activity was plotted (Fig. 2). The calcu-
lated ECsg of E2 was found to be 33.1 £ 7.95 ng/L, which
is comparable to a value reported from another study
(Ma et al. 2007).

The estrogenic activities in the water samples are sum-
marized in Fig. 3. In the rainy season, EEQ values ranged
from 2.49 to 40.3 ng/L, with a mean of 18.4 ng/L; in the
dry season, EEQ values ranged from 4.51 to 41.9 ng/L,
with a mean of 21.2 ng L™". These data are similar to those
found in other Asian countries (Duong et al. 2010), in
which the estimated estrogenic activity in the river water
ranged from values below detection limits to EEQ values
of 66.9 ng/L. Table 1 shows the comparison of estrogenic
activity in this study with previously reported data. It can
be seen that estrogenic contamination in aquatic environ-
ment is a global phenomenon, especially in Asian coun-
tries. Our data revealed a relatively higher level of
estrogenic activity in surface water and WWTPs water of
Shanghai as compared to the estrogenic pollution in other
regions of China from previous reports (Ma et al. 2007; Lu
et al. 2010). This could be attributed to huge anthropogenic
discharges into the aquatic environment as a consequence
of Shanghai having the largest population density, indus-
trial base and foreign trade port in China.

In both seasons, the sampling sites with the highest
EEQs were h6 (40.3 £ 7.01 ng/L in the rainy season and
39.3 + 9.65 ng/L in the dry season), which is located at
one of the biggest chemical industry areas of the city,
and s8 (38.6 £ 10.8 ng/L in the rainy season and
41.9 + 3.44 ng/L in the dry season) near the downstream
outlet of a municipal sewage discharge. Site h8 located
near the Shanghai Expo Park area had the lowest EEQ
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Fig. 3 Estrogenic activity in A gg
the surface water samples. ﬁ

Water samples collected in
April (rainy season) are labeled
as (a). Water samples collected
in November (dry season) are
labeled as (b)
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samples from other locations to (ng EEQ/L) act.” (ng EEQ/L)
the results of this study France River 0.3-4.52 3.6-73 Cargouét et al. 2004
Influents®  46-63 20.6-30.7
Effluents® 2-24 10.4-16.0
America River 0.86-10.9 - Snyder et al. 2001
Some Asian countries: 2007° 2008° Duong et al. 2010
Laos River - 29.6 24.8
Cambodia River - 28.9 33.9
Vietnam River - 36.9 46.9
Indonesia River - 13.3 22.0
Thailand River - 14.4 21.0
Malaysia River - 8.0 12.3
Korea River - 5.9 10.0
Influents  — 24.2 -
? The estrogenic activity Effluents - 4.9 B
detected using yeast estrogen China River - 313 38.1
screen assay Japan River 0.7-4.01 - Hashimoto et al. 2005
® Estimated estrogenic activity  Tajhu, China Lake 22-12.1 - Shen et al. 2001
fﬁicgigei:é i}f:;i‘:;fa‘;sgygﬁs Nanjing, China River - 0.99-3.43 Lu et al. 2010
¢ The wastewater collected Beijing, China River 0.12-4.66 - Ma et al. 2007
from wastewater treatment Influents  0.11-13.3 -
plants (WWTPs) Effluents  0.07-1.09 -
d e represents no Shanghai, China River 2.49-40.3 - This study
experiments Influents  47.7-80.1 -
¢ The data were estimated in Effluents  7.82-24.8 _

2007 and 2008

value of 2.49 £ 1.22 ng/L in the rainy season; this site also
received several rounds of comprehensive enviromental
rehabilitation since 2000. However, in the dry season, the
estrogenic activity at h8 was increased to 21.2 £+ 2.63 ng/L,
indicating an increase in estrogenic pollution in that area
after the Expo. In contrast, water from the upper reaches of
Hangpu River (h1 site, located close to the water resource

conversation area) collected in the dry season was found to
have a low EEQ value that was below the average.

In general, the average EEQ values of river water
samples collected in the rainy season are all very similar,
except for Yunzao brook, which is slightly lower (Table 2).
Moreover, the EEQ levels were slightly increased in
Huangpu River and Suzhou Creek in the dry season. Based
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Table 2 Average estrogenic
activity in surface water
categorized by rivers and
sampling areas

Surface water sample

Estrogenic activity

(the mean £ SD ng EEQ LY

Wet season

Dry season

River Huangpu river
Suzhou creek
Yangtze river
Yunzao brook

Sampling area

Drainage outlets & sewage brakes

River junctions
Ferry wharfs
# Average estrogenic activity in
sites from h5 to h13

Factories or industry parks

212 + 9.42(n = 9)
20.1 £ 12.5(n = 9)
19.7 & 6.55(n = 9)
10.7 £ 5.82(n = 7)
25.6 + 8.38(n = 7)
214 £ 11.4(n = 6)
19.7 £ 921(n = 4)
15.3 + 5.64(n = 6)

27.6 £ 8.93(n = 9)*
30.1 £ 7.78(n = 5)
20.4 £ 5.52(n = 6)
6.97 £ 2.70(n = 3)
283 £ 7.51(n = 4)
303 £ 11.1(n = 3)
20.7 £ 7.83(n = 4)
14.7 & 7.05(n = 5)

Bridges, high roads and the other areas

125 £864(n=11) 183 £119(n=7)

on sampling areas, the surface water with the highest EEQ
value was found in the neighborhoods of industrial facto-
ries and drainage outlets, indicating possible point-source
estrogenic pollution from industrial and municipal efflu-
ents. It is known that most estrogenic steroids have rela-
tively short half-lives (estimated 2-6 days) in water and
sediment, while microorganisms in water are known to be
capable of degrading some estradiols (Williams et al.
1999). Owing to constant dilution and the presumed bio-
degradability of river water, we concluded that there is not
a significant tendency for accumulation of EDCs in the four
rivers surveyed in Shanghai along the river flow path from
upstream to downstream.

The estrogenic activity in influents and effluents from
the four WWTPs are shown in Fig. 4a. The EEQ level in
influents was relatively high at 47.7-80.1 ng/L, but in
effluents it was reduced to 7.82-24.8 ng/L. The estrogenic

removal efficiencies of WWTP1, WWTP2, WWTP3 and
WWTP4 were 71.0%, 62.3%, 65.9% and 83.6%, respec-
tively. For WWTP1 and WWTP3, industrial waste was a
partial source of the wastewater, and thus the EEQ values
of influents were higher than in the other two plants, but
their effluent EEQ values are still within the range reported
in previous studies (Cargouét et al. 2004). Estrogenic
activity in different processed water from WWTP4 is
shown in Fig. 4b. It was found that after successive treat-
ment processes, estrogenic potency in wastewater had been
reduced significantly, which was consistent with previous
studies on the removal rate of estrogenic potency in
WWTPs from Germany (Korner et al. 2000), France
(Cargouét et al. 2004) and USA (Tilton et al. 2002).
Waste water treatment plants receive a large spectrum of
molecules from domestic and/or industrial waste that have
been shown not to be totally eliminated during the
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Fig. 4 a Estrogenic activity in the influents and effluents from
different WWTPs in Shanghai; b estrogenic activity in the water
samples after successive treatment processes from WWTP4. 1, the
influent; II, the water following primary sedimentation process; III &
IV, the water samples following biological phosphorus and nitrogen
removal process; V, the water following aerated activated sludge and
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UV process (the effluent). Samples labeled with the same letters are
not significantly different from each other, while those labeled with
different letters indicate a statistically significant difference between
samples. (p < 0.05, one way ANOVA followed by LSD test). Values
are means =+ S.D. (n = 4)
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treatment processes (Ternes et al. 1999). The ability of
WWTPs to remove steroid estrogens and other EDCs from
influents is crucial in maintaining the water quality of the
receiving river. A correlation between reproductive
abnormalities in fish and exposure to WWTP effluents has
been reported (Jobling et al. 1998). One study estimated
that the WWTP treatment processes globally eliminated
only about 50% of the total estrogens in wastewater
(Cargouét et al. 2004). Therefore, the fates of estrogens
remaining in the effluents and their possible effects on
health of humans and aquatic animals should not be
ignored.

The untreated wastewater from the four WWTPs had
high average EEQ value of 61.9 + 12.4 ng/L; after a series
of treatment processes, the effluents had an average EEQ
value of 19.1 + 6.32 ng/L, which is similar to the estro-
genic activity in surface water of the receiving rivers
(18.4 ng/L in the rainy season and 21.2 ng/L in the dry
season). Our data suggest that the effluents with incomplete
removal of estrogenic compounds from WWTPs might be
a minor source of estrogenic pollution in the surface water,
but direct discharge of untreated water into the receiving
river, which accounts for at least 20% of the total discharge
of municipal wastewater in the city, might be a major
source of estrogenic pollution in the Shanghai municipal
area. Although our results indicated the presence of
estrogenic contamination in the surface water of Shanghai
city, further investigation is required to determine the
source and cause of estrogenic pollution.
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