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Abstract Study on effective disposal and utilization of
sewage sludge has recently been the target of growing
interest in China. However, potential risks are associated
with the use of sludge due to its contamination with toxic
organics, heavy metals and pathogenic microorganisms. In
this study, a screening assessment was conducted on
sewage sludge samples collected from 17 different sewage
treatment plants in Beijing, based on a batch of in vitro
bioassays, including a set of recombinant gene yeast assays
for endocrine disruption, and an ethoxy resorufin-O-
deethylase (EROD) assay using H4IIE cells for aryl
hydrocarbon receptor (Ah-R) agonistic activities. Our
results suggested that moderate levels of estrogen receptor
agonistic activities (0.9ng E2-g"' to 6.8 ng E2-g!, dw),
but relative higher androgen receptor antagonistic activ-
ities (nd to 45%), progestin receptor antagonistic activities
(nd to 80%) and Ah-R agonistic activities (1390 to 6740 pg
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-g™', dw)
were found in sewage sludge samples. However, there
were no significant correlations between the toxic effects
of sewage sludge and the sewage treatment processes. In
addition, the 17B-estradiol (E2) equivalent quantity (EEQ)
level of the sewage sludge was increased after the
composting treatment, whereas the 2,3,7,8-tetrachlorodi-
benzo-p-dioxin toxic equivalent quantity (TEQ) level of
sewage sludge composted was much lower than that of
sewage sludge.
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1 Introduction

With the increasing numbers of sewage treatment plants
(STPs) and the improvement of treatment rate and degree,
the amount of sewage sludge has sharply grown in Beijing
in recent years. In 2008, the output of sewage sludge was
1.035 million tons, with 80% rate of water content. It was
estimated that the amazing output of sewage sludge would
be about 2 million tons in 2015, with 80% water holding
capacity [1].

The major pollutants of sewage water treatment were
organic pollutants, high ammonia nitrogen, odor sub-
stances and biologic hormones besides sediments, colloids
and casual organisms. These pollutants played roles as
“micro-pollutants” in activated sludge due to their low
concentrations. However, the public health would be
threatened when several micro-pollutants with severe
toxicity and harmness were released to the environment
from sewage sludge. Especially, endocrine-disrupting
chemicals (EDCs) are a newly defined category of
environmental contaminant that interferes with the func-
tion of endocrine system [2]. An increasing body of
evidence reveals associations between various therapeutic/
environmental compounds that act as EDCs and many sex
hormone-sensitive disease/disorder [3]. These chemicals
mimic the structure of the natural hormones found in the
animal/human body. They enter the body of animals/
humans through the diet or occupational exposure and thus
bind to the respective endogenous receptors. This leads to
the generation of an agonistic or antagonistic effect even
when the endogenous hormone is absent. Due to this
unwanted effect, there is a change in the hormonal
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orchestra of the body that leads to the production of a
number of diseases like various types of cancer, cryptorch-
idism, decrease in the sperm count and male reproductive
capacity, as well as various types of skin diseases [3,4].
Majority of the effects observed in the aquatic environment
concerning the reproductive system, for instance, the
feminization of male fish with sewage treatment plant
effluents, are attributed to the presence of EDCs [5]. The
individual compounds that are responsible for these
harmful effects are currently unknown, whereas many
substances like nonylphenols, phthalic esters, PCBs,
dioxins, polycyclic aromatic hydrocarbons (PAHs), phy-
toestrogens, estrogens, androgens, and progesterone are
suspected to influence the hormonal systems and they are
abundant in different water bodies [6]. It has been
hypothesized that the statistically derived decrease in
sperm counts over the last decades, increasing incidents of
testicular cancer and other disorders regarding male
infertility may be caused by the intake of these chemicals
via food or drinking water [7,8].

To ensure a hazard-free treatment and reclamation of
sewage sludge, it is urgent and important to investigate the
removal effectiveness of those pollutants by the current
processes in STPs and further development for their
removals. Although chemistry analysis can detect increas-
ing numbers of pollutants via the modern powerful
analytical chemical techniques, such as the chromatogra-
phy coupled with mass spectrometry or nuclear magnetic
resonance, the given fact is that instrumental analyses are
expensive, and only a few of the organic pollutants can be
identified in several cases [9]. Fortunately, several other
alternatives demonstrated their potential applications in
this area. For example in vitro bioassay has the advantages
of fast detection speed, low cost, high sensitivity, and large
flux. These methods enable estimation of total biologic
activity of all compounds that act through the same mode
of action present in extracts of any environmental media
and it also integrate possible interactions among chemicals
[10]. It was rapidly applied for early warning in risk
assessment and specificity indicating of pollutants.
Besides, some researchers had employed bioassay screen-
ing test to identify Ah receptor agonists in sediment and
soil successfully [11,12].

In this study, we focused on the screening toxic
bioassays of sewage sludge samples from 17 typical
STPs in Beijing. All the sludge samples were collected
from the outputs of the sewage sludge dewater rooms,
which include the primary settling sludge and the second
sedimentation sludge. We chosed the non-flooding season
for sampling in order to obtain more pollutants. The
objective is to examine the levels of endocrine disruptor
and dioxin-like chemicals in the sewage sludge. Our results
would be very helpful for qualitative health risk assess-
ment and further chemical evaluation.
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2 Materials and methods
2.1 Samples collection

Sewage sludge samples were collected from STPs located
in urban and suburban in Beijing (Fig. 1). Five sampling
sites were located in typical urban STPs, i.e., Qinghe,
Jiuxianqgiao, Wujiacun, Fangzhuang and Lugougqiao,
respectively. The others were located separately in the
suburban districts of Beijing. Four kilograms of sewage
sludge samples were collected in each site. All the sewage
sludge samples were then stored at —20°C until further
treatment and analysis.
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Fig. 1 Locations of sewage sludge sampling sites in Beijing.
S1- Fangzhuang, S2- Jiuxiangiao, S3- Wujiacun, S4- Qinghe, S5-
Lugouqiao, S6- Yanqing, S7- Miyun, S8- Changping, S9-
Changping composted, S10- Huairou, S11- Shunyi, S12- Pinggu,
S13- Huangcun, S14- Panggezhuang, S15- Yizhuang, S16-
Liangxiang, S17- Mentougou

2.2 Samples pretreatment

Sludge samples were freeze-dried and followed by Soxhlet
extraction using dichloromethane/acetone (1:1, v/v) for 24
h. Then the extracts were passed through glass column
filled with anhydrous Na,SO, to remove water. The
extracts were then concentrated by rotary vacuum
evaporation followed by blowing a stream of high purity
nitrogen to complete dryness. The residues were weighted
and dissolved in dimethyl sulfoxide (DMSO, ACS grade,
Sigma Chemical Co.,USA) to the required concentrations
for the test. The procedure is adapted from that used for
sediment samples as documented in the literature [11].

2.3 Yeast bioassay

The yeast strains specifically transformed with the estrogen
receptor (ER), androgen receptor (AR) and progestin
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receptor (PR) genes were constructed in our laboratory and
grown on synthetic dextrose(SD) medium (lacking trypto-
phan and leucine, SD/-Trp/-Leu) according to description
of Li et al. [13]. Another yeast strain transformed with the
PR gene was a kind gift of Dr. Kevin W. Gaido (Chemical
Industry Institute of Toxicology, Research Triangle Park,
North Carolina, USA), which was grown in synthetic
complete (SC) medium with tryptophane, but lacking
histidine and leucine (SC/-His/-Leu) following the pre-
scription of Gaido et al. [14].

The yeast assay was conducted as described by Ma et al.
[15]. In performing the assay, cultures in the exponential
growth phase (grown overnight) were diluted with SD/-
Leu/-Trp or SC/-His/-Leu medium to an ODgggpn 0f 0.75.
All assays were conducted in at least triplicate. Each
triplicate included a positive control and a negative control
(DMSO). 5 uL of serial dilutions of test samples were
combined with 995 uL. of medium containing 5 x 10°
yeast cells-mL™" resulting in a test culture in which the
volume of DMSO did not exceed 1.0% of the total volume.
200 pL of the test cultures were transferred into each well
of the 96-well plate and incubated at 30°C with vigorous
orbital shaking (800r-min™') on a titer plate shaker
(Heidolph TITRAMAX 1000, Hamburg, Germany) for 2
h. The cell density of the culture was measured at 600-nm
wavelength (TECAN GENios A-5002, Salzburg, Austria).

A 50 uL test culture was transferred to a new 96-well
plate. After addition of 120 pL of Z-buffer (16.1 g-L"'
Na,HPO,-7H,0; 5.5g-L "' NaH,PO4-H,0; 0.75g-L"'
KCI; 0.246 g- L' MgSO,-7H,0) and 20 pL chloroform,
the culture was carefully mixed (vortex 25s) and
preincubated for 5min at 30°C. The enzyme reaction
was initiated by addition of 40 uL o-nitrophenyl-B-D-
galactopyranoside (13.3 mmol-L', dissolved in Z-buffer).
The assays were incubated at 30°C on a titer plate shaker.
The reactions were terminated by the addition of 100 pL
Na,COs (1 mol-L ™). For the samples, the incubated time
lasted for 60 min. After centrifugation at 12000 g for 15
min (Sigma Laborzentrifugen 2K 15, Osterode, Germany),
200 pL of the supernatant was transferred into a new 96-
well plate and the ODy4g,, was determined. The B-
galactosidase activity was calculated according to the
following equations: u = C/t x V' x D x ODg and C; =
1076 x (4,)—Ag /€ x d, where u: B-galactosidase activity,

Table 1
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C; is concentration of o-nitrophenol in the enzyme assay
reaction mix, #: incubation duration of the enzyme reaction,
V: volume of the test culture, D: dilution factor, ODq:
ODgqq of test culture, A;: ODgyo of the enzyme reaction
supernatant of the sample, Ag: OD4>y of the enzyme
reaction supernatant of the blank, &: ¢ for o-nitrophenol in
the enzyme assay reaction mix, and d: diameter of the
cuvette [14,16].

B-Galactosidase activities of the liquid yeast cultures are
expressed as the means and standard deviations of the
results from three independent transformed yeast clones.
All samples were evaluated in triplicate for each clone. The
antagonistic activity of the sample was tested by co-
incubation of yeast strain with nature ligand which
produced a sub-maximal stimulatory response (Table 1).
The method using ligands at the concentrations that would
induce sub-maximal activity in combination with tested
chemicals has been widely used to screen the antagonistic
activity of ER, AR and PR [17]. The details were shown as
Table 1.

To ensure that increased/reduced activities in the
bioassay were caused by true agonistic/ antagonistic
responses instead of cytotoxicity, viability was measured
in cells exposed to samples at the maximum assay
concentration. Yeast cells were plated as in the original
assay, and then exposed for 2 h to exposure medium (cell-
specific medium containing samples). The cell viability
was determined pectrophotometrically as a change of cell
density (ODgponm) in the assay medium. In all the
bioassays, the procedural blank was also run alongside
the samples to monitor for a false-positive result.

2.4 HA4IIE-EROD assay

The EROD assay was performed according to the method
described by Qiao et al. [11] and Donato et al. [18]. H4IIE
rat hepatoma cells were grown in Dulbecco's minimum
essential medium (Hyclone, Thermo Scientific, USA)
supplemented with 10% fetal bovine serum. The cells
were incubated at 37°C, in a humidified 5% CO, incubator
(SANYO Electric Co., Japan). For the EROD assay, cells
were seeded at a density of 2 x 107 cell- well™ in a 96-well
plate. The cells were exposed for 72h to medium
containing different doses of 2,3,7,8-tetrachlorodibenzo-

In vitro bioassays for endocrine disrupting activities of sewage sludge samples

pathway of endocrine disruption in vitro bioassay

reference
material

endpoint

estrogen disruption recombinant ER gene two-hybrid yeast

androgen disruption recombinant AR gene two-hybrid yeast

progestin-based endocrine disrup-
tion

recombinant PR gene yeast

17B-estradiol ER agonistic activity

dihydrotestoster-one AR agonistic activity

flutamide AR antagonistic activity
progesterone PR agonistic activity
mifepristone PR antagonistic activity

Notes: ER, estrogen receptor; AR, androgen receptor; PR, progestin receptor
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p-dioxin (TCDD) standard solutions (0-140pg-mL™,
Cambridge Isotope Laboratories, Inc., USA), dimethyl
sulphoxide (DMSO solvent control, Sigma, USA), or the
test samples. Thereafter, the medium was removed and
100 pL of fresh medium containing 8 mmol-L' 7-
ethoxyresorufin (Sigma, USA) and 10 mmol-L™" dicu-
marol (Sigma, USA) was added for an additional 60 min of
incubation at 37°C. Next, the medium was transferred to a
new 96-well plate and mixed with 130 uL of absolute
ethanol. Resorufin-associated fluorescence was measured
with the excitation/emission wavelength of 535/595 nm
(TECAN GENios A-5002, Salzburg, Austria). Thereafter,
the total protein content was measured as described by
Bradford [19]. Data obtained from EROD assays were
normalized to total cellular protein. The biologic TCDD
equivalent values were calculated according to Hanberg et
al. [20].comparing the inducting of enzyme activity by
environmental sample extracts with the series concentra-
tion of TCDD standard. The dose—response curves for the
induction of EROD activity were constructed by software
ALLFIT [21]. The aryl hydrocarbon (Ah-R) agonistic
activities, regarded as dioxin-like potentials, detected in the
samples were standardized against 2,3,7,8-TCDD and
expressed as TCDD equivalents (TEQ) in pg TCDD-g™'

[11].
2.5 Data analysis

To quantify the effects of samples, the toxicity equivalent
approach was used. The concentrations of estrogen
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receptor (ER) agonists were calculated as17B-estradiol
equivalent (EEQ), in the same way as described before
[22]. Shortly, the extract was diluted gradually and the
dose—response curve of the extract was obtained together
with a calibration curve of E2 in the same plat. EEQ of the
sample was calculated using the linear part of the dose—
response curve of the sample. Other equivalents for AR
and PR agonists were calculated in the similar way
regarding to their correspondent normal ligands (Table 2).
The results on the antagonistic effects were simply
expressed as percentage inhibition, when the samples
were simultaneously incubated in the presence of corre-
sponding normal ligands at concentrations that could
stimulate the maximum agonistic effects.

3 Results

3.1 Endocrine disruption

The ER, AR and PR agonistic activities of sewage sludge
samples are shown in Fig. 2 and Table 2, respectively. The
concentrations of EEQ ranged from 0.9 ng E2-g' to 6.8 ng
E2-g"' (dw). None of the 17 sewage sludge samples
showed AR agonistic activities, whereas 14 of them
showed antagonistic activities (Table 2). It was found that
the androgen antagonistic activities of the sewage sludge
samples ranged up to 45% inhibition in presence of DHT
(Dihydrotestoster, reference chemical for AR-yeast assay).
None of the sewage sludge samples showed PR agonistic

Table 2 AR and PR activities of sewage sludge in Beijing (exposure dose: 0.5 mg-well ")

sewage sludge agonistic activity rate of antagonistic activity suppression
sample AR PR AR PR
Fangzhuang <dl <dl 26%+8% 58%+7%
Jiuxiangiao <dl <dl 32%+6% 79%+4%
Wujiacun <dl <dl 31%+6% 73%+7%
Qinghe <dl <dl <dl 43%+8%
Lugougiao <dl <dl 45%=+3% 80%=x7%
Yanqing <dl <dl 29%=+1% <dl
Miyun <dl <dl 18%+2% 61%+4%
Changping <dl <dl 34%+4% 67%+3%
Changping Composted <dl <dl <dl <dl
Huairou <dl <dl 12%+6% 60%+1%
Shunyi <dl <dl 18% 2% 59%=+7%
Pinggu <dl <dl <dl 32%+£5%
Huangcun <dl <dl 40%+4% 78%+2%
Panggezhuang <dl <dl 41%4+3% <dl
Yizhuang <dl <dl 33%+4% 46%+8%
Liangxiang <dl <dl 31%+6% 20%+£7%
Mentougou <dl <dl 28%=+7% 46%=+11%

Notes: < dl: below detection limit; AR, androgen receptor; PR, progestin receptor
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Fig. 2 Estrogen receptor agonistic activities of sewage sludge
samples in Beijing (expressed as EEQ with the method detection
limit of 0.9 ng E2-g ")

S1- Fangzhuang, S2- Jiuxiangiao, S3- Wujiacun, S4- Qinghe, S5-
Lugouqiao, S6- Yanqing, S7- Miyun, S8- Changping, S9-
Changping composted, S10- Huairou, S11- Shunyi, S12- Pinggu,
S13- Huangcun, S14- Panggezhuang, S15- Yizhuang, S16-
Liangxiang, S17- Mentougou
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Fig. 3 Detection results of dioxin-like effects of sewage sludge
samples in Beijing

S1- Fangzhuang, S2- Jiuxiangiao, S3- Wujiacun, S4- Qinghe, S5-
Lugouqiao, S6- Yanqing, S7- Miyun, S8- Changping, S9-
Changping composted, S10- Huairou, S11- Shunyi, S12- Pinggu,
S13- Huangcun, S14- Panggezhuang, S15- Yizhuang, S16-
Liangxiang, S17- Mentougou

activities, either (Table 2). The percentage inhibition of
organic extracts of sludge sample ranged up to 80% in
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presence of 1 x 10 mol-L™' progesterone.
3.2 Aryl hydrocarbon receptor activity

The Ah-R agonistic activities of sewage sludge samples in
Beijing were shown in Fig. 3. The data was expressed as
2,3,7,8- TEQ in pg TCDD-g™' dw. TEQs of sewage sludge
in Beijing ranged from 1390 to 6740 pg TCDD-g ' dw.
Among all the sewage sludge samples, the highest
concentration of Ah-R agonists were observed at Lugou-
qiao (S5), whereas the lowest in Huairou (S10).

4 Discussion

4.1 Estrogen receptor activity

The estrogen receptor agonists of urban sewage sludge
samples (2.3+0.3ng-g"' dw) were close to those of
suburban ones (2.6+0.2ng-g' dw) in Beijing. Also,
there was no significant correlation (P > 0.05) between the
detected estrogen receptor agonists and the sewage
treatment processes. Comparing to the reported EEQ
values of sludge, soils and sediments, the estrogen receptor
agonists in Beijing sewage sludge were in the medium
range (Table 3). An investigation also showed that there
were high concentrations of estrogenic pollutants in the
influents of five STPs and 13 types of industrial wastewater
in Beijing [22]. Estrogen receptor agonists were reported
as generating from natural estrogens, such as 17p-estradiol
and estrone, and artificially synthesized estrogens, such as
17a-ethynylestradiol [23,24] which were often detected in
the influents of the STPs.

Although S9 and S8 were taken from the same STP, after
the composting process, the estrogen receptor agonists of
S9 (3.6 ng-g' dw) was higher than that of S8 (2.0ng-g™!
dw). The reason was that the estrogen matters in sewage
sludge, which were mainly in form of conjugated
compounds (such as glucopyranosides and sulfates) [32],
were activated because the conjugated bonds were
unlocked during the course of composting. Therefore, the
EEQ level was increased.

Table 3 Comparison of ER agonistic activities in sludge, or sediments (soils) around Beijing city [25-31]

sampling site

ER agonistic activity (EEQ)/(ng E2-g ")

sludge from STPs (The Netherlands) [25] <dl-3.6
sludge from a STP (Germany) [26] 0.3-3.7
sludge from STPs (Korea) [27] 3444
soils from reclaimed water irrigated plots (Tunisia) [28] <dl
sediments of Wenyuhe River in Beijing (China) [29] 0.8-19.8
sediments of Daguhe River (China) [30] 37-95
soils in Beijing and Tianjin (China) [31] <dl-0.14
0.9-6.8

sewage sludge in Beijing (current study)

Notes: ER, estrogen receptor; EEQ, 17f-estradiol (E2) equivalent quantity; < dl,

below detection limit; STP, sewage treatment plant
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4.2 Androgen receptor activity

There were no strong differences (P> 0.05) observed
between AR agonistic activities of sewage sludge in urban
and suburb areas of Beijing. However, the AR antagonistic
activities of sewage sludge varied with different STPs.
There was no significant correlation (P > 0.05) between
the androgen receptor activities and the different secondary
treatment technologies. The highest level of AR antag-
onistic activity was detected in the sewage sludge from
Lugougiao STP (S5) and followed by Panggezhuang
(S14), Huangcun (S13) and Changping (S8). No AR
antagonistic activity was detected after the sludge from
Changping STP was composted (S9), which indicated high
remove efficiency of AR antagonistic pollutants by this
kind of treatment.

Similar results were reported in the literatures that
remarkable AR antagonistic activities were observed
whereas few androgen agonists were detected [13,33].
Several studies demonstrated that a lot of polarized
compounds were detected in the effluents of STPs. Some
phenols, such as 4-t-octyl phenol, 2,4-dichlorophenol,
bisphenol A and 4-phenyl phenol, as well as butyl benzyl
phthalate, all had AR antagonistic activities. Furthermore,
4-t-octyl phenol and bisphenol A could remarkably inhibit
the AR agonistic activity at low concentrations [34,35]. As
aresult, AR antagonistic pollutants in the sewage sludge of
Beijing should be screened by further chemical analysis,
such as phenols, phthalates, and some organochlorine
pesticides and fungcides.

4.3 Progestin receptor activity

There were also no substantial differences (P> 0.05)
observed between PR agonistic activities of sewage sludge
in urban and suburb areas of Beijing, whereas the
antagonistic activities of urban sewage sludge samples
were stronger than those of suburban. There was no
significant correlation (P> 0.05) between the progestin
receptor activity and the different secondary treatment
technologies. The sample (S5) from Lugouqgiao STP had
the highest level of anti-progestagenic activity, followed by
Jiuxianqgiao (S2), Huangcun (S13) and Wujiacun (S3).

There was no PR antagonistic activity detected after the
sludge from Changping STP was composted (S9). This
proved that PR antagonists were effectively removed by
this kind of utilization as well.

In summary, the sewage sludge samples showed no PR
agonistic activities but only antagonistic activities. Only a
few PR agonists or PR antagonists have been reported in
wastewater till now. Some studies proved that a few
organochlorine pesticides (OCPs) and phenols, such as
4,4'-DDT, 4,4’-DDE, tetrachloro bisphenol A, tetrabromo
bisphenol A and pentachlorophenol, had strong activity of
PR suppression [17,36,37]. However, more studies were
needed to discriminate the compounds with PR antag-
onistic activities in sewage sludge samples in Beijing.

4.4 Aryl hydrocarbon receptor activity

Ah-R agonistic activities of south-west urban sewage
sludge samples were much higher than others in Beijing.
However, the detected results had no significant correlation
(P>0.05) with the sewage treatment processes. In
comparison with the Ah-R activities reported in sludge,
or sediments and soils around Beijing city (Table 4), the
TEQ levels (1390-6740pg TCDD-g ', dw) of sewage
sludge in Beijing were close to those of sewage sludge in
Australia (1200-15300pg TCDD-g', dw) and Daguhe
River sediments in Tianjin (1200-13900 pg TCDD-g ',
dw), respectively [28,29,38—41]. As the Ah-R activities of
Wenyuhe River sediments (10-340 pg TCDD-g”', dw)
[29], one of the urban drainages in Beijing, were much
lower than those of the urban sewage sludge in Beijing, it
could be supposed that dioxin-like pollutants were inclined
to be accumulated in the sewage sludge and diluted by the
drainage water. In conclusion, the sewage sludge in Beijing
was observably contaminated by dioxins-like pollutants.

The anaerobic environment can in some cases be
advantageous for dechlorination of organic pollutants,
such as polychlorinated biphenyls (PCBs) and polychlori-
nated dibenzo-p-dioxins and furans (PCDDs/Fs) [42]. It
was also found that the TEQ level of sewage sludge
composted (S9) was much lower than that of the original
sewage sludge (S8).

Table 4 Comparison of Ah-R agonistic activities in sludge, or sediments (soils) around Beijing city [28,29,38-41]

sampling sites

Ah-R agonistic activity (TEQ, pg TCDD-g ')

sewage sludge (UK) [38]

sewage sludge (Australia) [39]

sewage sludge in Catalonia (Spain) [40]

soils from reclaimed water irrigated plots (Tunisia) [28]
sediments of Wenyuhe River in Beijing (China) [29]
sediments of Daguhe River (China) [41]

sewage sludge in Beijing (current study)

20-220
1200-15300
10-30
26600-67900
10-340
1200-13900
1390-6740

Notes: Ah-R, aryl hydrocarbon receptor; TEQ, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalent quantity
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5 Conclusions

In this study, the estrogen receptor agonistic activity were
in moderate level whereas other sex hormone receptor
agonistic activity were unremarkable in organic extracts of
sewage sludge sampling from 17 STPs in Beijing, China.
Meanwhile, strong activities of both androgen receptor
antagonists and progestin receptor antagonists have been
found in the sewage sludge. It has been also found that the
sewage sludge in Beijing was evidently contaminated by
dioxins-like pollutants (aryl hydrocarbon receptor activ-
ity). The detected aryl hydrocarbon receptor activities
could be significantly removed by the sewage sludge
composting treatment. Our results demonstrated that the
estrogen agonistic activity of the sewage sludge was
increased after the composting treatment.
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