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Abstract; A major source of endocrine disrupting chemicals (EDCs) into the aquatic environment is the effluents
of wastewater treatment plants (WWTPs). In the aquatic ecosystems, much of the EDCs research has concentrated
on estrogenic compounds and in this study antiandrogenic compounds were paid attention to. On the basis of anti-
androgenic activity risks, the approach to prioritizing antiandrogens in the effluents of WWTPs was constructed. In
total, 147 antiandrogens had been reported and nearly 60% of which were pesticides. The developed procedure was
applied and the first ten percent antiandrogens were as followed, dibutyl phthalate, di-n-hexyl phthalate, bisphenol
A, bromopropylate, 4-t-octylphenol, procymidone, vinclozolin, fenarimol, dimethomorph, fenitrothion, 4-n-dodecyl-
phenol, diuron, fludioxonil, 2-hydroxy-4' -methoxybenzophenone, and o-phenylphenol.
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Fig. 1 The antiandrogenic activity contributions of antiandrogens in the effluents of wastewater treatment plants (WWTPs)
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Table 1 The concentrations and antiandrogenic activity of antiandrogens in the effluents of WWTPs

i CAS ECs/(mmol-L")  Gi/ing'L™")  ixpma
Chemicals CAS No.
42K W iR [R5 Phthalates
SR HiR —(2-ZFC )R Bis(2-ethylhexyl) phthalate 117-81-7 >100, 4500781 16 ~14 2001 275
LB R Tk Dibutyl phthalate 84-74-2 74, 10507181 054 ~2 38091 476
4B H R Tk Butyl benzyl phthalate 85-68-7 93, 1011720 036 ~3 13011 288
4B — W iR —. ZHF Diethyl phthalate 84-66-2 612, 51520 002 ~2 58011 220
4B — H iz — W fif Dimethyl phthalate 131-11-3 876, 769171 00062 ~11511 073
4B — H 2 —JX%.HE Dipentyl phthalate 131-18-0 196, 33407 gl -0.03
487K — H R IE T i Monobutyl phthalate 131-70-4 0.122122 <10 000! <624
SR — H iR — 5 T fig Diisobutyl phthalate 84-69-5 50.122 46 ~5 2400024 342
L84 — H R ¥ g Dicyclohexyl phthalate 84-61-7 >19022 1.19 ~55421 <021

4F7E B iR —C' R Di-n-hexyl phthalate 84-75-3 38201 90 0002°! 470
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i CAS & ECsy,/(pmol-L")  G/(ng-L")  ippmax
Chemicals CAS No. ’ ‘ ’
325 Phenols
L A Bisphenol A (BPA) 80-05-7 2.5,423078 6 ~4 09001 470
+ ZBE %L} 4-n-Dodecylphenol 210555-94-5 6, 132 154 ~2 21087 400
4- 375/ 4-n-Nonylphenol 104-40-5 9, 13271 314 ~56121311 330
X IESEH A n-Octylphenol 1806-26-4 4627 442 ~182P1 213
X ALAE BB 4-t-Octylphenol 140-66-9 22, 74%) 490 ~2 10087 451
CLHE 75 4-n-Hexylphenol 2446-69-7 201 11962 137
1E 2K} 4-n-Pentylphenol 14938-35-3 2421 <50053 <295
4-IE TN KB 4-n-Propylphenol 645-56-7 662 502631 2.60
1-Z5M 1-Naphthol 90-15-3 70354 120 ~ 17083 3.07
ARG UV-filters
2,4,6- = W B Y I B R R IR R & Mg
Ethyl (2.4.6-trimethylbenzoyl) phenylphosphinate (BP-1) 84434117 L5750 nd. 418 296
22" 44" -PUFEIE TR 22" 44" -Tetrahydroxybenzophenone (BP-2) 131-55-5 495 1 ~1480 191
2-F2 34 WL TR Oxybenzone (BP-3) 131-57-7 498,17988401  nd. ~7008% 364
3-(4-F REZE Y Y R YRE i 3-(4' -Methylbenzylidene)camphor (4-MBC) 36861-47-9 3081 23 ~2 70088 340
2-FRHEORHR-3.3,5- = H JE A CL i Homosalate (HMS) 118-56-9 5.5781 8 ~9Hol 1.64
3-F A HEAEE N Benzylidene camphor (3-BC) 15087-24-8 27789 n.d. ~110# 207
472 Pesticides
W% P M Cyprodinil 121552-61-2 28,11 904! 2.00
J& 8 A Procymidone 32809-16-8 0.8 n.d. ~5 3504 521
J5TH 7 Imazalil 73790-28-0 83831 50 ~ 10857 249
WEEE MG Pyrimethanil 53112-28-0 98 .63 n.d. ~574881 231
% g Fludioxonil 131341-86-1 2621 80 ~43014] 384
IRMER M Fenhexamid 126833-17-8 7081 <1981 <1.80
SRR IEFLE o-Phenylphenol 90-43-7 9571 80 ~1 00014 364
BKHERE Prochloraz 67747-09-5 6.03, 791350 22261 1.84
S M Tebuconazole 80443-41-0 .06 n.d. ~691H81 329
J& P Vinclozolin 50471-44-8 03, 042850 118 ~191052 420
SISk Dimethomorph 110488-70-5 09411 n.d. ~66084531 411
PU#Z5*  Quinoxyfen* 124495-18-7 479% B4 20131 099
ALk Ethoxyquin* 91-53-2 7.8% B 6.34 ~95.1F7 161
=& Triclosan 3380-34-5 147068 12 ~219119 3.56
A E H F 46ME*  Lambda-cyhalothrin* 91465-08-6 1.64% B n.d. ~ 1.6 0.19
{4458 Azinphos-methyl 86-50-0 7085 2001 2.80
FH ELWE BERE Pirimiphos-methyl 29232-93-7 17.183 n.d. ~312162 1.62
o,p' -1 7# % 1-(o-Chlorophenyl)-1-(p-chlorophenyl)-2,2 2-trichloro ethane (o,p' -DDT)  789-02-6 9.5, 22202850 n.d. ~13863 046
o,p' -7 7t 1-Chloro-2-[2 2-dichloro-1-(4-chlorophenyl)ethenyl|benzene (o,p' -DDE)  3424-82-6 1.62,20228¢1 00093 ~0.012211  -0.80
i 3 1-Chloro-4-[2 2 2-trichloro-1-(4-chlorophenyl)ethyl]benzene (p,p' -DDT) 50-29-3 332,179B8641 523 1350 2.10
TNTiR A4 Chloropropylate 5836-10-2 33708 - -
AT LERRER Chlorobenzilate 510-15-6 268128 n.d.[65-68! -
JFAAE ALY Heptachlor epoxide 28044-83-9 4208 n.d. ~ 131567 046
=5 A4 Dicofol 115-32-2 11988 1.4, 68691 R
p.p' - 1,1-Bis(4-chlorophenyl)-2,2-dichloroethane (p,p' -DDD) 72-54-8 90, 20 4128301 n.d. ~2.42163 -0.80
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i CAS & ECsp,/(pmol-L")  G/(ng-L")  iypmax
Chemicals CAS No. ’ ’ ’
S+ I B-Endosulfan 33213-65-9 234,490 365 ~2438467721 293
FH 485 Methoxychlor 72-43-5 443,76 n.d. ~11567 272
J2 & F} trans-Chlordane 5103-74-2 1070 0.09 ~0.167 -057
4} cis-Chlordane 5103-71-9 10179 0.12 ~0.1971 050
K IGH Dieldrin 60-57-1 22.8,7.2584 104 ~36.167 1.96
7+ 1 a-Endosulfan 959-98-8 23 400] nd.~1 28367721 298
FSEM Chlorpyrifos 2921-88-2 118,931 n.d. ~3862 081
4 FLPUS ML Chlornitrofen 86-50-0 1988 n.d."”! -
4B %t Chlomethoxyfen 1836-77-7 0.6281 n.d.l® -
24-Z 54" -F 3 R Nitrofen 32861-85-1 2788 200 ~300077 344
A F: CNP CNP-amino 1836-75-5 5708 - -
ZAH RS Oxyfluorfen* 26306-61-6 0.87* B0 67 1.14
FH R BR BCEk*  Bifenox* 42874-03-3 32% Bl <3018 <130
=HAREEEFEE*  Acifluorfen-methyl* 42576-02-3 g9* 6 - -
WRHLH% Piperophos 50594-67-7 1481 n.d.B? -
ARUEAS Fenitrothion 24151-93-7 16,2.1%) n.d. ~780%3! 4.09
PARBE*  Anilofos* 122-14-5 1.9% B8 n.d.B! -
B EPN 64249-01-0 6384 <5000 <324
i #E*  Prothiofos* 2104-64-5 2.2% 150] <200185-86] <228
X}t Parathion 34643-46-4 0287 <5007 <478
FH R X i Methyl parathion 56-38-2 426, 21.10864 <5007 <348
FHREST A #i*  Tolclofos-methyl* 298-00-0 2.8% Bl 10188 093
ZEi#E*  Ethion* 57018-04-9 33% Bl 50 ~200078] 2.06
T HE*  Butamifos* 563-12-2 33% Bl - -
RABBE*  Phosalone* 2310-17-0 4.5% B <211 <0.96
Frekfi* Dichlofenthion* 97-17-6 4.8% ol 11.761 0.75
f5Bi#E*  Fenthion* 55-38-9 49% 1Ol n.d. ~25.662 1.13
ABERE*  Cyanophos* 2636-26-2 5.5% Bl <2007 <2.03
TRARME*  Leptophos* 21609-90-5 57% 1ol 4610 1.15
IRAEHE £, 3*  Bromophos-ethyl* 4824-78-6 7 4% 156] 500 ~ 70001 204
MR ME*  Quinalphos* 13593-03-8 7.8% Bl - -
S RERE*  Isofenphos* 25311-71-1 8.7 B <3000 <1.86
AIEFBE* MEP Oxon* 2255-17-6 9.4% 1 - -
W IE*  Flucythrinate* 70124-77-5 6.6% 150 n.d.k?! -
z-WE 15 i Fenvalerate 51630-58-1 37003 34 ~34903 120
TAFEWE*  Cyfluthrin* 68359-37-5 g 4% 6 n.d. ~3904 -0.12
fit 4 fE*  Etofenprox* 80844-07-1 9% Bl - -
248 Permethrin 52645-53-1 56.8, 430B4871 30 ~ 127014460] 161
S %4l Cypermethrin 86753-92-6 56.8, 42084871 267 ~ 1830031 174
B A S ASTE*  Cyhalothrin* 91465-08-6 1.64* B n.d. ~ 166094 0.19
TRIF 24T Deltamethrin 52918-63-5 58,2087 n.d.~27%! 0381
6] 4 HE A H R 3-Phenoxybenzoic acid (3-PBA) 3739-38-6 121084 22016 0.78
H BBl Methiocarb 2032-65-7 1481 1088 133
ARHF}*  Thiobencarb* 28249-77-6 9.4* 1] <20¥7 <0.78
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ik CAS & ECsy,/(pmol-L")  G/(ng-L")  ippmax
Chemicals CAS No. ’ ’ ’
FH AR WE R Thenylchlor*® 96491-05-3 54% 1ol - -
ZRWE B i*  Mefenacet* 73250-68-7 5.6% B - -
FH ®i* - Alachlor* 15972-60-8 9.6% 16 n.d.~91362 141
5 R*  Propanil* 709-98-8 1 4% Bol <1107 <123
XA BE*  Pencycuron* 66063-05-6 1.5% B - -
R4 Linuron 330-55-2 55, 42150871 <3507 <137
KA % Prochloraz 67747-09-5 3.0904] n.d.B -
F 5% Diuron 330-54-1 68304 40 ~1 67084 387
HRUElE*  Bromopropylate® 18181-80-1 0.53% B0l 20 ~6 000 463
WA R* Pendimethalin* 40487-42-1 12% B 2207 1.67
IRIK = MEEZ*  Bitertanol* 55179-31-2 2.6% Bl 10 ~20 000®%1 172
SR ME*  Triflumizole* 68694-11-1 3.5% Bol n.d.?”! -
T > Tmazalil* 35554-44-0 42% Bl 10851 1.80
2-BKAH*  2-Phenylphenol* 90-43-7 49% B 1000 1.94
FREME*  Pyrazoxyfen* 71561-11-0 5% b6l - -
NI Propiconazole 60207-90-1 771041 <5008 3.13
SORMEBERE Fenarimol 60168-88-9 11.8,233B81 40 ~8 000 416
2550 Carbaryl 63-25-2 841331 <4107 <123
6-L A K22 4- = H-12- " A fbMEbk*  Ethoxyquin* 91-53-2 7.8% Bl n.d.1o -
B85 77125 Parabens
JEIH 4 B fiE Methylparaben 99-76-3 18859 99 ~ 1210101 1.82
JEIH 4 2Tk Ethylparaben 120-47-8 10969 49 ~ 71000 1.79
JEJA4:TABE Propylparaben 94-13-3 30907 36 ~45001 1.11
JEiA4: T g Butylparaben 94-26-8 68271 n.d.lo! -
JEIH 4 5N Isopropylparaben 4191-73-5 42129 n.d.lo! -
Jei4: 5 T g Isobutylparaben 4247-2-3 762 n.d.1o -
LW EE S Polycyclic musks
T Versalide 88-29-9 35002 n.d.1% -
#HE RS Phantolide 15323-35-0 27102 1~38001 147
it 44857 Tonalide 21145-77-7 3.6,214B%104 217 2210001051 144
HERBEF Galaxolide 1222-05-5 29,1111 751 1 2301 0.76
BHIKF7ZE Fire retardants
22" 6- =Tt BDE-19 147217-73-0 0.0611%! n.d.1%-107] -
244" -=ERARBE BDE-28 41318-75-6 3.1008] n.d. ~0.5601%171 050
34,5-ZRIEFERE BDE-38 337513-54-9 1 911061 n.d.16-107 -
34" 5-=ERPRBE BDE-39 35000 n.d.1%-107 -
22" AA'-DUTRER AR E BDE-47 5436-43-1 p1oe] 021 ~ 150061071 234
2245-MUTRELA ik BDE-49 243982-82-3 0.67001 n.d. ~4[106-107] 1.94
33" 45" DA BDE-79 446254-48-4 21106] n.d.16-107] -
22' 44" S-TURBER i BDE-99 60348-60-9 7801001 0.03 ~ 11201061071 09
22' A4 6- TR R BDE-100 189084-64-8 16401001 0.03 ~1.983000-1071 .42
22' 44" 55 NIRRTk BDE-153 68631-49-2 13 20106 0.086 ~1.60106-1071 132
22' 44" 6,6' -7NIR — 2Kk BDE-155 35854-94-5 2 [106] n.d. ~0.181%-171 050
22' 344" 5.6-LIREREE BDE-181 189084-67-1 3006) n.d. ~039010-17 0,68
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o CAS & ECsp,/(pmol-L")  G/(ng-L")  iypmax
Chemicals CAS No. ) ’
233" A4 5.6-LIREKA BDE-190 189084-68-2 g .gl10o] 0.0039110¢1 1.15
-7+ Z k5t HBCD alpha 340000 041008 073
B-7SIRIA 1 4% HBCD beta 11601001 0.15008 127
y-NTRFRT % HBCD gamma 370106 1 40108) 0.77
SHFHYI M ZE ZE Plant hormone
# i Flavone 525-82-6 7762001
Wt 51 Equol 94105-90-5 7413170 5200091 231
YUBIARZE Genistein 446-72-0 85.113871 17 ~5623M0-111 024
57-" 54 -H AL R B Biochanin A 491-80-5 4200 16~2300 1.13
HAth2& Others
IR 221 Cyproterone acetate 427-51-0 0.64, 0.1254112] 291131 361
4-FR IR FLTTR Raspberry ketone 5471-51-2 252114

I G, FRPUMEM R FEAL A WITESR T ¥5 K AL B K o v B2 - 2 A B0 , JOR 3 RO Rt e By U iR AR T ARl ECy 3T,

HAECABTLIES 1.64 pmol - LT,

Note: G, stands for the concentrations of antiandrogens in the effluents of wastewater treatment plants; - Cannot be calculated; * the relative antiandro-

genic potencies were calculated using EC,,, which was 1.64 umol-L'

115]

R2 KB HKRRERREEEHET10%0LEY
Table 2 The first ten percent antiandrogens with high antiandrogenic activity in the effluents of WWTPs

o YA TR Bkt
Compound classification Compound Number
VB S TR R SRR SR E S R IEN O RN RO R W TR )
Pesticides Bromopropylate, procymidone, vinclozolin, fenarimol, dimethomorph, fenitrothion, diuron, fludioxonil
e XU A ST RCEEFEMY T bRy AR 4
Phenols Bisphenol A, 4-t-octylphenol, 4-n-dodecylphenol, o-phenylphenol
B = AT WA R ORI BT B 5
Phthalates Dibutyl phthalate, di-n-hexyl phthalate
e U] 2-F5 k-4 AL TR TR .
UV-filters 2-Hydroxy-4' -methoxybenzophenone

3.2 PUMEBERERAALS YR UL HE Y

MR 1 PR KPR RIS PR s e M
PUEB R FEAL A P45 0 A e v A T HE Y, HAk
2 PR,

TR S — PP BE T 15 A 96 0], 75 35 43 1R K B
Hb DN FHAS I o T AR T P I R TR R A
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