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|dentification of Estrogenic
Chemicals in STW Effluent. 1.
Chemical Fractionation and in Vitro
Biological Screening

C. DESBROW,T E. J. ROUTLEDGE,*#
G. C. BRIGHTY,S J. P. SUMPTER,? AND
M. WALDOCKT

Centre for Environment, Fisheries and Aquaculture Science,
Burnham Laboratory, Remembrance Avenue,
Burnham-on-Crouch, Essex, CMO 8HA, UK., Department of
Biology and Biochemistry. Brunel University. Uxbridge.
Middlesex, UB8 3PH, UK.. and Environment Agency,
National Centre for Ecotoxicology and Hazardous Substances,
Hawberry Park, Wallingford, Oxon, OX10 8BD, U.K.

A fractionation system, combined with an in vitro assay
for detecting estrogenic activity, was developed in order to
isolate and identify the major estrogenic chemicals present
in seven sewage-treatment works (STW) effluents,

down products of one group of nonionic surfactants), have
been implicated (I, 2). STWs receiving domestic and
industrial waste release a complex (and ill-defined) mixture
of natural and synthetic chemicals into the aquatic environ-
ment, due to their partial or complete resistance to biodeg-
radation during the treatment process. Although effluents
have been tested for their toxicity to aquatic organisms,
usually in order to determine safe discharge levels, few
chemicals within an effluent have been tested for toxicity or
hormone disrupting activity on an individual basis, either in
vivo or in vitro. As it was clearly not practical to identify,
quantify, and test all the individual substances present in
effluent, a bioassay-directed fractionation procedure was
adopted in which STW effluent was chemically separated
into fractions of decreasing complexity. Each fraction was
analyzed for estrogenic activity using a yeast-based estrogen
screen (3). Fractionsidentified as active in the bioassay were
separated further until they could be analyzed by gas chrom-
atography—mass spectrometry (GC—MS), leading to iden-
tification of the active chemicals. This procedure, through
a series of steps involving separation and resolution, simul-
taneously eliminates inactive compounds and isolates chemi-
cals that are biologically active without using any precon-
ceived ideas about the identity of the compounds responsible
for the activity in the mixture.
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(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
(ng/L)
RS — NDMA 62-75-9 0.1 0.1 T 0.1 I " ¥ 0.04
PFOS 45298-90-6 0.04 0.07 ¥ ¥ o c Tci 0.6
PFOA 335-67-1 0.08 0.56 ¥ o o o Jci 0.2
fﬁ:g?ﬁg DEHP 117-81-7 g 10 I 8 6 9 ¥ ¥
— Qgéﬁgﬁf A DEHA 103-23-1 400 TR 5 I 400 x ¥ 5
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JIRE G EREN G R K Y 2K T (n=6)
BPA

FI1H 1IN FI1H K H

164 565 296 2292 -80
BPS 193 734 42 138 78
BPF 245 1702 86 782 65




) 7 T ok ek S ae v s

School of Environment and Energy

7R B 245 PR IK X 2R i (n=17)

V- HE RNE V- 21H T PN =1

#E7K (ng/L) H 7K (ng/L) EBRE (%)

BPA 371 2045 86 570 77
BPS 2 14 3 26 -50
BPF 3 10 9 39 -200
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Wang et al., Science of the Total Environment, 2019, 692:107-116



Table 2 Concentrations of target compounds in surface water from the Pearl River”

Site BPA EPB BPC BPE BPF EBPP BPS BPZ BPAP BPAF ZBPs
S0 200+1.1 17+007 nd n.d 84202 n.d 205+09 n.d n.d 141+14 508
51 189 +0.5 n.d 90+00 nd n.d n.d n.d n.d n.d 0.0+0.2 429
52 139404 nd 90+00 nd n.d n.d nd n.d n.d 0.7+0.1 366
83 189+04 n.d 91+0.0 nd n.d n.d n.d n.d n.d 11.2+£05 486
sS4 16907 T77+00 83+00 nd n.d m.d n.d n.d n.d n.d 40.1
83 19.9+0.5 T.6+0.1 91+01 nd 0.1+0.1 n.d n.d n.d n.d 255+1.3 T1.2
S6 39.1+1.1 n.d n.d n.d 8.9+0.2 n.d 21.6+0.3 n.d n.d 0.3+0.5 80.1
57 28.2+03 1.7+07 n.d nd 90+03 nd 24.6+0.6 n.d nd 10307 Bl
58 26.1+£0.6 n.d n.d nd 0.5+0.1 nd 1221400 n.d nd 13.5£0.5 64.0
59 29107 n.d 90+00 nd 8.7+0.3 n.d n.d n.d nd 163+04 T0.3
510 17.1£0.3 T8+02 #8400 nd 9003 n.d n.d n.d nd 11.2+0.1 538
511 36009 8.7+0.1 90+£00 nd 11.6£0.3 n.d 1159+ 5.8 n.d n.d 0.1+£0.2 194.1
512 400+22 8.8+0.1 9.1+00 nd 13.1+04 n.d 1183+7.3 n.d n.d 0.4+0.8 2013
513 64.7+0.7 85+02 nd n.d 124403 n.d 12444 6.2 n.d n.d n.d 2143
514 414+1.7 8.3+0.1 n.d n.d 1054028 nd 5T.8+27 n.d n.d §.6+0.1 127.8
513 378405 87402 n.d n.d 100+04 nd TE+50 n.d n.d 03405 146.8
b ) 349427  TH+0. n.d n.d 9.5+0.1 n.d 39.2+33 n.d n.d 8.0+0.1 1019
517 31.8+30 T.6+0.1 nd n.d 9.0+0.1 nd 282+25 nd n.d 85+04 817
S18 36.3+03 nd 94401 nd B.6+0.1 n.d 18.7+0.5 8.0+03 B9+00 154+02 1079
519 25.8+14 n.d n.d n.d 0.2+0.1 n.d 24 8+3.2 n.d n.d 11.3+2.5 T3.8
520 405+106 TT7+00 03+02 nd 0.8+0.2 nd 53.7+20 n.d n.d 1231428 2468
521 528122 82+0.1 nd n.d 9.7+0.2 n.d 482 +2.1 n.d n.d §7.5+1.4 211.5
522 53.1+19 n.d nd n.d 0.0+0.2 nd J1.B+25 n.d n.d §.8+03 1034
523 1260+14 nd nd n.d 0.7+0.5 nd 11084132 nd n.d 10.1 £0.5 2618
524 447433 n.d n.d n.d 0.0+0.2 nd 23.1+20 n.d n.d 17001 03.8
Range 13.9-1260 0-88 094 027 0-13.1 0-28 00-1244 0-810 0-89 0-123.1 16.6-261.8
Mean 360 46 43 1.5 8.3 02 387 0.5 0.65 18.3 1140
Median 34.9 7.6 1.2 2z, 2.0 0 248 0 0 10.1 59.8

s 224 40 43 1.4 34 0.8 40.6 1.6 1.8 711 62.0
RSD*  60.7% 87.0% 100.0%  93.3% 41.0% 400%  104.9% 3200%  276.0%  148.1% 59.6%
52 84 12 92

Wang et al, Environ Sci Polut Res, 2022, 29:27352
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PT botte o PC bottle

Main findings
€ BPA analogues were hardly detected in PET and PC bottled waters
€ BPA concentrations in PET bottled waters were low
€ BPA concentrations in PC bottled waters were much higher
€ PC bottled water likely increase human BPA daily intake
€ EEQ of PC bottled water may pose adverse health effects to human
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m%mA%%@m—
HR Pwamer | JBPAOPE L Tors DR Brar

A (ng/L) 44.9
P2 E (ng/L) 20.8 1.8 0 0 2.2
HIH N E(ng/p/d)  41.6-89.8 3.6-15.6 0 0 4.4-9.8

SRk B brEA L (%) 0.01-0.03 - - - -

5 NHBZRBEMIE(%) 1.9-40 - 0 0 7.3-16.3

B R (ng/L) 64528 0 106 7.4 49

PR (ng/L) 13943 0 1.9 1.4 1.0

HIH N E(ng/p/d)  2788.6- 0 3.8- 2.8- 2098
12905.6 212 148

H5XCBRPREM (%) 1.0-44 - —- - —-

5 NHYREMHL (%) 124.2- 0.6-3.5 0.8-4.1 3.3-16.3
574.7
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Bisphenol analogues in Chinese bottled water: Quantification and L)
potential risk analysis

Hao Wang?, Ze-hua Liu *?<%* Zhao Tang? Jun Zhang ? Hua Yin %, Zhi Dang?, Ping-xiao Wu ?, Yu Liu &

¢ School of Environment and Energy, South China University of Technology, Guangzhou 510006, Guangdong, China

b Key Lab Pollution Control & Ecosystem Restoration in Industry Cluster, Ministry of Education, Guangzhou 510006, Guangdong, China

¢ Guangdong Environmental Protection Key Laboratory of Solid Waste Treatment and Recycling Guangzhou 510006, Guangdong, China

9 Guangdong Provincial Engineering and Technology Research Center for Environment Risk Prevention and Emergency Disposal, South China University of Technology, Guangzhou 510006, Guang-
dong, China

¢ Advanced Environmental Biotechnology Center, Nanyang Environment and Water Research Institute, Nanyang Technological University, CleanTech one, 637141, Singapore

¥ School of Givil and Engineering, Nanyang Technological University, 639798, Singapore

Wang et al., Science of the total environment, 2020, 713:136583
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Twelve natural estrogens and ten bisphenol analogues in eight drinking
water treatment plants: Analytical method, their occurrence and
risk evaluation

Zhao Tang?, Ze-hua Liu™"%"

, Hao Wang ", Yi-ping Wan *, Zhi Dang”, Peng-ran Guo "',
Yu-mei Song d, Sa Chen®

2 School of Enviromment and Enersy, South China University of Technology, Guangzhou, 510006, Guangdong, China

B Key Lab Pollution Control & Ecosystem Restoration in Industry Cluster, Ministry of Education, Guangzhou 510006, Guangdong, China

¢ Guangdong Provincial Key Laboratory of Solid Wastes Pollution Control and Recycling, Guangzhou, 510006, Guangdong, China

: Guangdong Provincial Key Laboratory of Chemical Measurement and Emergency Test Technology, Institute of Analysis, Guangdong Academy of Science, Guangzhou,
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