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Abstract; Bisphenols (BPs) are widely used as the primary raw materials for synthesizing polyester carbonate, ep-
oxy resin, and polyacrylate to manufacture high molecular polymers. After being excessively discharged, BPs pol-
lute the environment and accumulate in animals and humans bodies via the biomagnification of the food chain. So
far, various BPs have been detected in water, sediment, indoor dust, food, as well as the animal and human body,
including bisphenol A (BPA) and its multiple substitutes and derivatives. It has been reported that BPs interfere
with gonadal hormone endocrine, thyroxine endocrine, and neuroendocrine, which can further affect reproductive
function, gonadal development, neurobehavior, and hormone-dependent diseases. Therefore, BPs have become risk
factors that endanger human health. The endocrine-disrupting effects of BPA substitutes are even more potent than
that of BPA, and comprehensive endocrine-disrupting effects and underlying mechanisms require to be further stud-
ied. Here we summarize the state of the current knowledge about the sources, pollution status, and endocrine-dis-
rupting effects of BPs.
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R385 N 43 b T3 W) (endocrine-disrupting chemi-
cals, EDCs)J& 48 BE% TP £ Wy 1Ak PRI = 19 & Bl
Bl Fiz A5G AR, sz i LA 1) 26
BikaE AR KRB BAT ALY, e A
A7 A T 0 Bl b eHE R BB A LTS gt
H AT, B85 rh B AEAE R EDCs Al [ Fh, E 2455
NTA MR EER RS Y (0 5 Ml R %)
Ph AR Tl A 7= v i P ) A 2 40 o sl R o fie ™
YA HLEAR 2 AR Ul | S8R — iRl | — P&
Y ZEABR TG KAL), WG Y
(bisphenols, BPs) = 22 F 1A BBk R R g R A A
Ty P ARSI R R PR 04 R T 55 v 70 SR 5 Bk, 5k 17
FHFZHp Tl ™ 5 Fn B F A2 06 T 2% 5, BPs 284
JHE AT T, 5 Y FR B 11 [R] s 3 38 1o £ P B 1
MKRAEFTES R NANE R, BT, S EAEKE
JRG U6 LA K B3 A ) R N A PR 0 2] 22 b 0L 2646
PP XLy A(bisphenol A, BPA)E A fic i  H R FH
)1 BPs, F7E 20 42 30 4RAR, WA A g A B
BPA ELA e MErE /N BRUAE T RS K B R0, 23
MRS, 2 E E A A H AR
BPA HEME5 i L 2L L SOLE B K % & AT
RHAFEFIRLZ TS, HIE,2008 4, & KA 5 —
ANEE R N AR 1E BPA T 22 LA 5 25 2 1 [
FbJs SR R DA K b AR R R B R R,
2 0F BPA H T2 LI & HAh )L #E & A,
R BPA B AL T3z 0 T Tl A= 7=, an oW i B
(bisphenol B, BPB) A} S(bisphenol S, BPS) XX F
(bisphenol F, BPF) #I X ; AF (bisphenol AF, BPAF)
S5, 1KLL BPs [Al A HA —E 1Y N 53 W T R 508 AN
HAFEMEAER, © 22 BCh BT i R 58 T e XU (R 1
FE IR IR E T 2014 4E 7 225 1| BPA 0N
i FH, DA AT RE T PEHLAAR % P9 5306 32 G0 DA 1T 350
BB RN R JREAE LA A FR G 0
YERY, BPs VE MBI IR X 3l 1 S N A fi
FEETSTE AU, A N 43 W T P SR e P i 2
— ARCEBANGE T BPs FiZE SRIEATG YL BUR, O
A L 22 o P 3-8 B0 B AH A AL, A it —
AT BPs WU PAG AN EE BT SR AL S LA,

1 BPs B9 2K£F057 A ( Types and applications of
BPs)

BPs & —RKoFH&A2~4 MHENLED
(1), EEAHE BPA KILKRIY), BPA JE ik i
flj—Fh BPs, XFKH 2-(4,4° - BRI N b 2,2-—

@-FREER) R BE . 2,2- (B E B, 7+ FUN
C,sH,,0,,7rF ity 228.28 , BPA XA T/K, 5 ¥
T Fk | DT B B VA R A SR B (pK, )N 9.6 ~
102, ZEB A s R B TR =™ BPA T2 AR AR
FERR IR SRR A SEA I DL % BELJR 751 R JH At AR 2 7 i
(1) ()6 T, 22 i A 3 FH O G kG B 791 Sk P
UL TR R NS T i | BN R Y v e S ]
BPA, [ i, ¥ 3l A B L JC B JE % 4B 7 £z fil
BPAY, Wi BPA 1% 45 H , BPS . BPF  BPAF #
BPB % £ fil BPs & #:1C BPA FF Tl il 1"
BPB /& BPA H.Oo ik Ji - 19— H 38 4 0
SRR B 259, AT 24X BPA T R0 i
LRAEYHHIED S BT BPA U2, BPB (1= &
BRAESEIN, 5 Tl A0 A= 35 FH b v B g e ik
2, CAAERES B 5 YORE R 2 B P 200 2L
B AL A A B S PR R PRBE RN B
(55 BPS J& 2 ARG, — A 3 i 2
TEBANEA Y, FLRR & T A XU 2k &9,
TEEBE- 7K AT R BUR T HoAth BPs, 2K PET i, A= 9
BRI, H AT it v R S R A REEDY . BPS
T 1869 FFE KA M, FEHTFAE Y4k, 2 000 44
AiVES BPA IR T T IR S8 B 55 8 o 2R
&Y. HAi,BPS VEK BPA ) ] T4
AR 52 0 sl LR RN AT A ™ ml
() BPS 355 1 000 ~10 000 t"¥ BPF J2& 2 DAL
W BRI U A6 4, H 4549 5 BPA AL, M
F BPF HA7 [t BPA PR B B0 A1 0 280 1k B 5 i
SO TE M T A A [ R
1, B BPA EZ A Z —P", BPAF J& BPA
PR AE Y, E B FIVERUR I Tolk h A, It
&b, BPAF 2 AR kR R BR AR B S5 R 5
(A A, T N TR S TR AW &
TR/ N o B /U B W Y i B
AR, WUy C(bisphenol C, BPC) XL E(bisphenol E,
BPE) X} G(bisphenol G, BPG) AL} P(bisphenol P,
BPP) X% AP(bisphenol AP, BPAP) X[} Z(bisphenol
Z, BPZ) XU M(bisphenol M, BPM) A% (fluorene-
9-bisphenol, BHPF) XX} BP(bisphenol BP, BPBP) %
Iy TMC(bisphenol TMC, BPTMOC) A1 X} PH(bisphenol
PH, BPPH)%5 BPs tH7E Tl A= 7= i B — 32 O
FH AR A /D AR I 2840 Jot EL A 45 8 1 1 = BE-7K 43
e R EA A S R KA PR A, IR R, B
GHTE RN BB, AT RE S 7 A S A SR RN
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Table 1 The properties and molecular structures of bisphenols (BPs)
P Gy IEE K L7/ NE S
T\ oy
£ (g-mol™") AN Y A5 et ]
Molecular
Name Molecular mass/ n-octanol-water Bioconcentration Molecular structure
formula
(g.mol’l) partition coefficient factor
XL A(BPA
(BPA) CsH,40, 228286 332 7185 HO Q O OH
Bisphenol A (BPA)
WLy B(BPB)
Bisphenol B C,sH;50, 242313 4.13 3043 O O
(BPB) HO OH
o)
XL F(BPF
(BF) Ci3H;, 0, 200233 291 3473
Bisphenol F(BPF)
OH
HO
» S(BPS
XU S(BPS) OH
Bisphenol S Cp,Hp048 250270 165 3.697 /©/
(BPS) S
(0] 0
XL AF(BPAF)
Bisphenol AF C]5 H|0F6 02 336.229 447 556.3
(BPAF)
WEY C(BPC)
Bisphenol C C,;H,,0, 256.340 474 887.1
(BPC)
W E(BPE)
Bisphenol E C4H,,0, 214260 3.19 57.01
(BPE)
OH
X G(BPG) E
Bisphenol G C, Hy O, 312446 6.55 2225e+004
(BPG) O
OH
OH
XL P(BPP)
Bisphenol P C,,H,, 0, 346462 625 1.304e+004 O
(BPP)
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L1
R Sy 1EF K A
T\ " .
HK (g-mol™") PNER 4T e
Molecular
Name . ! Molecular mass/ n-octanol-water Bioconcentration Molecular structure
ormula
(g-mol’l) partition coefficient factor
OH
X AP(BPAP)
Bisphenol AP CyH; O, 290356 486 1101 O
oo
OH
XL M(BPM) O
Bisphenol M C,,H,, 0, 346462 625 1.304e+004
(BPM) O
X Z(BPZ) .
Bisphenol Z CgH,,0, 268.350 5.00 1422 ‘@
(BPZ) 6 OH
OH
(0]
Wl TMC
(BPTMC) O OH
C, Hys O, 310430 629 1.397e+004
Bisphenol TMC
(BPTMC) ‘
OH
A1 %i (BHPF) O O
Fluorene-9-bisphenol C,sH;40, 350409 6.08 9524
o0
OH
X1 BP(BPBP) O
Bisphenol BP C,5H,,0, 352425 6.08 9524 Q
(BPBP) O
OH
HO
W PH(BPPH) O
Bisphenol PH C,,H,,0, 380478 7.17 3.765e+004
(BPPH)

@)
jan

2  BPs i3I ( Pollution status of BPs)

BPs &£ F

BAR TG YRGB, i B )

TESPI AR 4R U AR . R4S BPA
LA RRIEHEINES L T2 4L ah 2 de, B

= (T
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AAE A A A A T A sl Tl H s R 25
5 KA AEM 1 BPA P20 TREW ., 5
Giit, EEREAE K LA 500 J7 t i) BPA T Tl 4
B 31 H O 2013 4E % 2019 4E 4], BPA 775K B
EHIRK IR E] 4.6% Y, 1AM, BPA L5 U0 BPS,
BPF #il BPAF 75 K i B4R in, B, C 47
IRAA VRN Z N IR AR S5 IR B A o, Sk B | e
K KR BREEME B RS, NJEIRIE  BEFL A0
WO H 2 b BPs®!, BPs B 48 M B A A fd B
A iy 2 4 I F 2 RS R
2.1 ARG

BPs F= 8 78 A 7= il AR v 2 HE TS e IR B Ay
[T, A dE K U ke I ANRRAF (R 2), Jin
1 Zhu® 7 T [ 1230 3 B0 Y 22 2 K bR H £ A
BPs, H. "7 A BPA #il BPS & 3 ; Wan 259 B F [
TLHI R 120 37K AR, SR ) BPS 5 Si P 7E IR =
JCB KRR UK FE , #0U H BPA | BPF \BPS |
BPAF FIPUIR XL} A (tetrabromobisphenol A, TBBPA)
4 5 ff BPs, H:th', BPA . BPS . BPAF #1 BPF [ #4 i!
AL ; Zhang S5 PR A 43 B I Y 20 4b ok
IKARFET 5 K K AR FH 7K o BPs 119 340 il 5 o, 4
¥ 6 Fh BPs, 43 %] J& BPA BPAF  BPB, BPE  BPF
A1 BPS, ¥ Hi 3% 5% =5 i /& BPA  BPS #il BPAF; Liu
LD I A R B, 2016 4E(200 ~ 950 ng- L) A [E
KR 2K b BPs 9 5 52 K F 8.3 = T 2013
4E(54 ~87 ng-L™"),{HIJ L BPA BPAF il BPF 4 &
BRFLAEY, Il BPA BPS BPAF £l BPF
RIS A B i R B BPs 2R EE W), 7R IR bR
B R KB T m . BRRMET , KRR
PRI B 77 JURL #) (suspended particulate matter, SPM)
TERIEE T TCAEATE A it 50% 1% BPs 7E 3K )2 7K
W8 3 A 5 RAR RS P BPs FE/K H R 43 A A
TR PR Ty f AR AR AT SPM. R 1T 247 L2
Y% B . Zheng S PSR TR 1w 50 M X A VLR
S RSO = S B2 I R N N ER TIPSR
AR, FEIX 3 B4 5T b 445 4 BPA | BPS | BPF
BPAF F1 BPE % 5 Ff BPs, {H AN [l 41 H BPs B AE
IKEANE], BPA 1 BPS i ] Wt A7 T 5 % 4H v, i
BPAF TE{5i [ 8 T SPM I Si 2571 & ¥, BPAF
FEAAE TR R AR AR T, FoAth, BPs ) T 3= 247
FETHA T, fste] W, BERFHAT SPM &k — 2
S BPs 7EI5 ) A A AR A Ak

BPs {504 22 R4 1, Yu PN T £

35 N 74 AT KARBERT R 76 1 IR K IG JEAE A K
I 4 BPA . BPS . BPF . BPAF . BPP  BPB #il BPZ 4%
BPs, BPA . BPS, BPF fll BPAF Ay £ tH % 4% &,
Yamazaki 26524351 N H A< i [ | e [ RTED B R 4R
TORIRNRT I B R JZ KRR R & B0 H A 5 [ Fnep
[ (R i 2 2K RE b BPF RS ERK, HER
T BPA MY2FE 5 1 8% ~2 A%, 107 ER BE RN 1 6 20K
B BPA Fil BPS Y282 /K F-H 15, Schmidt 451
TE: E B g 2K A T BPS, Liao %P0 #r
5 [ E A H AR S [ I IR JE TP BPs 1Y 2 BE
B, EE T R i = I AL & BPs 19 2 58 KO Al
i H 48y I8 2 v T DA S A B AR A 1) IS VR A A
Jf#e th 2 Fh BPA AR i JL L J& BPF #l BPS, T 7E
EWTLA RE MDA Y BPAF 1) 2 5% i W 3
15T BPA FIHA BPs™, AN[m] [E 5 4E 7 Fififi ] BPs
A AR —E, AT RE & S 2L BPs 7E A BT A I P 0 22
EEFEIE 22 S R R 22—, —2E BPA B4R AN
BPF .BPS fil BPAF % B 4 i M1 £ B R IR 554 i
H R LR KT ), R R LAY, b,
BPs it g i & 7 K 42 Uk & i s Je K<, B
HI, O e KA R 2 Fl BPs, Wang %P°%
£ 12 ANEZEE NI, B H BPA (BPS,
BPF .BPAF .BPP .BPB BPZ #l BPAP % BPs, BPA ,
BPF BPS fll BPAF J&:f & LAY simk BiA, w38
RN H AR 85 [ 58 28 R 2R FE v BPs B 2% 5% 1
TG, A E R P KA S b BPS B2 8
2 PR,
2.2 ANRRERFBHEH

A BPs 1Y HE B S al Tl I AR AE,
NS ful R el O S T P R AR R B TR
TR A, BPA J L 2 Rl 2 485 v #E AR A (4n
PR & FIBEFL) A i, 26 3 I T % BPs 1E
N P B R EE KT, Ye 5PN IRCAE Y 2000—
2014 4 H) 38 [ B A R AR alviE 1T BPs 22 88 73 Bt
KB, BPA 1) 7 88 /K V- 2 3R B #, 1 BPS Al
BPF N2 s, £x 2B 7 N E R AR
PRYG T BPS 5 1F G0 A RIAT % | H AR 1 5 [ 45 [
FNFER W H BPS 1) % i3 1t 8 HoAth [ ¢ 00 &P,
Liu S 90 2 v [ B 5T i V2 DX 2 1 i L 3 PRI
W54 5 1) % i, K1 2] BPA | BPF . BPS #il BPAF
X 4 FOSUERZEY T, L BPA Fl BPS F 46 H S8 A6
WEEJR R, Xue SFMIWAEENEELE IR PRt T
BPA Fil BPS, Z& 5 W B 25 = T B L 2 IR BPA
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Table 2 The contamination of BPs in environmental compartments
R i) Ay X BPs fli¢ Fer i e i LA o %% EZ BN
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 44 ~141 100
o BPS 022 ~52 100
H SRk
I BPAF 050 ~11 100
Source water 2013 ng-L7! [25]
China BPAP ND ~0.045
(n=23)
BPZ ND ~0.7
BPFL ND ~0.069 8
H SRk HE
2015 _ BPS 0.98(0.18 ~14.9) ng-L! 100 26]
Source water (n=120) China
H 2Rk 196(47 .8 ~633)
Source water 56.1(6.56 ~293)
CIR 5.82(048 ~36.7
HEAA BPA ( ) 100
Soluble phase 143(0.05 ~821)
BPF 95
(n=38) 2016 LRt BPS 255(030 ~6.10) - 100 271
e a— ng-
Ak R Wauxi, China 212(1.08 ~656) g
BPAF 100
Source water 446(0.08 ~25.7)
N TBBPA 16
LN 127(0.05 ~557)
Colloidal phase 131(0.07 ~949)
(n=38) 0.94(0.40 ~1.53)
12.8(ND ~34.9) 80
o 30(ND ~10.8) 50
A SRR
1.I(ND ~52) 60
Source water
BPA 2.18(ND ~12.6) 35
(n=20)
BPAF 0.98(ND ~6.18) 35
r BPS 1.0(ND ~ 14 3) 10
2017 ng-L™! 28]
China BPF 1.6(ND ~6.5) 40
BPE 04(ND ~4.7) 30
7K
BPB 0.1(ND ~1.6) 25
Drinking water
0.04(ND ~0.86) 5
(n=20)
0.03(ND ~0.61) 5
02(ND ~32) 10
A SRk 253(120 ~554) 100
Source water 392224 ~733) 100
Al s A A 5.10(1.50 ~16.2) 100
Soluble phase 2.20(0.00 ~4.76) 61.5
(n=13) 0.83(0.00 ~2.12) 538
H 2RIk AR 27 4(4.54 ~66.7) 100
Source water BPA 4210.14 ~102) 100
JE AR T E R BPS 1.12(0.12 ~247) 100
S
Colloidal phase 2018 Nanjing, China T F 035(0.00 ~0.82) ng-L 692 B31]
(n=13) BPF 025(0.00 ~1.11) 538
- BPE
A SR EE
38.8(28.2 ~89.3) 100
Source water
o 12.6(2.78 ~19.0) 100
PRI (SPM)
46.7(28.2 ~89.8) 100
Suspended particulate
2.10(0.00 ~17.3) 23.1
matter (SPM)
0.00(0.00 ~0.00) 0

(n=13)
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)
T fi () LAy Hi X BPs Fizk ] v Jig L<¥ive K th /% 27 30k
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 6.5~4 700 100
BPS 1.79 ~1 480 84
B T5 e £ BPF 179 ~242 68
Wastewater sludge ~ 2006—2007 ) BPAF 179 ~722 ng-g! 46 23]
United States
(n=74) BPP 179 ~642 <5
BPB 1.79 ~5.60 <5
BPZ 1.79 ~66.7 <5
RIZK ND ~431 56
HA
Surface water ND ~ 15 67
Japan
(n=18) ND ~2 850 94
=K " 1~272 100
|
Surface water ND ~42 20
South Korea BPA
(n=18) ND ~1 300 40
2013—2014 BPS ng-L7! 32]
=y ND ~98 50
Rk . -
Surface water ND ~135 17
China
(n=18) ND ~1 110 83
EIRVIN ND ~1 950 79
BN
Surface water ND ~7 200 71
India
(n=18) ND ~289 29
LKIEK b7 S|
2017—2018 BPS 10(4 ~21) ng-L7! [33]
Surface water (n=22) France
5.14(ND ~ 106) 74 4
0.00 0
e 0.00 0
UL
ES 0.00 0
Sediment 1998—2012
United States 324(ND ~27.5) 58.5
(n=82)
0.00 0
021(ND ~4.65) 159
0.00 0
BPA 567(ND ~ 13 370) 853
BPAF 023(ND ~423) 20.6
o BPAP 8.63(ND ~252) 382
TR
) wh[E BPB 031(ND ~10.6) 29
Sediment 2008 ng-g”' dw [34]
(n=34) South Korea BPF 338(ND ~9 650) 26.5
n=
BPP 0.00 0
BPS 61 4(ND ~1 970) 294
BPZ 1.86(ND ~63.3) 29
8.17(1.88 ~23.0) 100
0.00 0
o 0.00 0
UL
HA 0.00 0
Sediment 2012
Japan 394(ND ~9.11) 893
(n=56)
0.00 0
042(ND ~446) 46 4
0.00 0




51 BOAUAE A W75 G VR AN A 53 W8T LRV A 78 0 67
ZE32
R i) Ay X BPs fi2¢ Lioalll7i35 3 LA K 3 /% 275 3k
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 137 ~42.76 100
BPAF 0.18 ~2 009.8 100
TR o BPF ND ~30.16 60
, T
Sediment 2012 . ) BPS 0.07 ~022 ng-g” dw 60 [35]
Zhejiang, China
(n=5) BPB ND 0
TCBPA ND ~0.58 20
TBBPA ND ~5.08 40
F5 Soil
<LOD ~331
(n=68)
VIFY) Sediment v E L
BPAF 0.520 ~2 000 ng-g”! dw [37]
(n=12) Zhejiang, China
% K2 Indoor dust
7.82 ~739
(n=17)
% KL Indoor dust Rl
690(43 ~4 400)
(n=34) China
% KL Indoor dust FHE LR
) 50042 ~2 300)
(n=42) Colombia
= WK Indoor dust i it
8 800(510 ~110 000)
(n=28) Greece
2= N K4 Indoor dust EBE 41000 ~ 6 200)
(n=35) India 2 BPs ¢
% K4 Indoor dust H 7 (BPA,
BPAF 3900360 ~12 000)
(n=14) Japan >
S — ———————  BPAP,
%= K4 Indoor dust [ HE]
BPB, 2 400(540 ~6 100)
(n=16) South Korea
-  2012—2014 —— —— BPE, ng-g”' dw 100 [36]
KL Indoor dust Bl
. BPF, 520(61 ~1 400)
(n=17) Kuwait
- BPP,
% N K4 Indoor dust SRt BPS
B ) ’ 17023 ~860)
(n=22) Pakistan BPZ)
% K4 Indoor dust % Je
1 10037 ~6 000)
(n=23) Romania
% P KL Indoor dust e TEDA(S]
1 400(130 ~3 200)
(n=19) Saudi Arabia
% KL Indoor dust 2
) 8 300(550 ~89 000)
(n=22) United States
Z WK Indoor dust Foae ]
560(66 ~1 600)
(n=12) Vietnam

T :ND KR AR ), LOD FRAG IR , dw 7 1Tk Al e B2 45 3R 2 % Dy~ B3 (UL (e U ok B2 Y5 ) s BPA 75 XX A, BPS 35758 XU S, BPAF
ZR XU AF, BPAP 7R MUy AP, BPZ 78 Ml Z, BPFL 2678 W %7 , BPF %78 W) F, BPE %78 X E, BPB /8 W% B, BPP #78 W i P,
TCBPA /R U A, TBBPA /R USRI A,
Note: ND means not detected, LOD means limit of detection, and dw means dry weight; the result of concentrations were shown as mean (the range of
detection concentration); BPA stands for bisphenol A, BPS stands for bisphenol S, BPAF stands for bisphenol AF, BPAP stands for bisphenol AP, BPZ
stands for bisphenol Z, BPFL stands for fluorene-9-bisphenol, BPF stands for bisphenol F, BPE stands for bisphenol E, BPB stands for bisphenol B, BPP
stands for bisphenol P, TCBPA stands for tetrachlorobisphenol A, and TBBPA stands for tetrabromobisphenol A.
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Table 3 The concentration of BPs in human body fluid
NHERE S (B K it BPs ffik - T /%
, HIX A - M /(ng - mL ") o 2% 3k
Population/Samples ) Types of Detection
Region Year Concentration/(ng-mL™") References
(number) detected BPs frequency/%
N 134(0.17 ~10.70) 97
AR N/RI
034(025 ~045) 84
Adults/Urine 2000
NC 25
(n=79)
NC 0
. N 134(<LOQ ~20.89) 98
AR PRI
) 0.54(039 ~0.75) 75
Adults/Urine 2009
BPA 0.18(<LOQ ~1.16) 73
(n=122)
XH BPF NC 2 -
. . United States BPS 096(0.15 ~6.11) 99
AR N /PR B
BPAF 0.15(0.12 ~020) 42
Adults/Urine 2011
0.17(<LOQ ~138) 63
(n=95)
NC 1
. . 036(<LOQ ~521) 74
AR N
041028 ~0.61) 88
Adults/Urine 2014
025(<LOQ ~3.06) 74
(n=42)
NC 0
JR# Urine (n=31) 2%[F United States 1.12(<LOQ ~21.0) 97
JR# Urine (n=89) fF[E China 0.525(<LOQ ~3.16) 82
JRIK Urine (n=116) EI B India 0.171(<LOQ ~0.881) 76
PR Urine (n=89) HZS Japan 227(0.147 ~9.57) 100
— 2010—2011 BPS [39]
JRW Urine (n=33) ¥ South Korea 0.099(<LOQ ~1.98) 42
JR Urine (n=30)  RHEF Kuwait 0.785(<LOQ ~12.1) 70
PR Urine (n=29) IR PEIE Malaysia 0.128(<LOQ ~0.922) 76
PR Urine (n=29) R Vietnam 0.198(0.037 ~0.932) 100
JLE /IR E1)5° BPA 508(0.07 ~414) 99
) . _ 2012—2013 [“1]
Children/Urine (n=76) India BPS 0.04(001 ~12.2) 70
e BPA 0.61(ND ~3.036) 975
2EET L/ R N
) LRI BPS 0.028(ND ~0.238) 98.8
Preschool students/Urine B ) 2016 [40]
(1=80) Nanjing, China BPF 0.0069(ND ~0.078) 212
n=
BPAF 0.0034(ND ~0.088) 462
BPA 571003 ~177) 86
BPS 13.3(0.077 ~630) 100
3 AR YRR R A 7 i BPF 2.04(0.72 ~4.56) 9
General population/Urine  Jeddah, Saudi 2014 BPB 0.16(0.089 ~044) 32 [42]
(n=130) Arabia BPP 0.18(0.091 ~0.45) 51
BPAF 1.52(0 48 ~3.39) 3
BPAP 043(0.063 ~12.6) 70
BPA 3.57(<LOQ ~90 4) 99
BPS 024(<LOQ ~543) 88
K2R . BPF 0.16(<LOQ ~128) 80
) =
Undergraduates/Urine 2018 BPAF 0.03(<LOQ ~2.04) 85 [54]
Jinan, China
(n=160) BPP <LOQ(<LOQ ~0.72) 34
BPAP 0.12(<LOQ ~1.38) 83
BPZ 0.11(<LOQ ~1.36) 68
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493
NBERE T () K iy BPs Ff2 N A HH /% )
. HIX AE By KWV (ng -mL ™) o 22 3CHk
Population/Samples ) Types of Detection
Region Year Concentration/(ng-mL ") References
(number) detected BPs frequency/%
6 LT B B O A BPA 0.56 ~32 100
B AR N/ BPAF ND ~0.043 76
Elder population living HE A 2015 BPF ND ~0.35 66 571
near e-waste dismantling  Yunnan, China BPS ND ~0.1 20
area/Serum BPAP ND ~0.12 11
(n=119) BPP ND ~0.11 3
A T
BPA <LOD ~1.65 48
Incinerator worker/Serum
PEBEF BPB <LOD ~2.69 3
(n=29)
- — ML e [56]
B TR . .
Catalonia, Spain
Incinerator worker/Urine BPA <LOD ~0.59 45
(n=29)
LA BPA ND ~1.16 pg-kg™ 87
) [ France 2009 netke [43]
Female/Breast milk (n=30) BPS 023 ug-kg™! 3

I : <LOQ KRR T fLFR I ;NC Fam AT,

Note; <LOQ means the values below limit of quantification; NC means not calculated.

F1 BPS 7% &% i, AL, i RETE JR W K i BPB,
BPP , BPZ . BPAF #il BPAP % BPs™!, Deceuninck
AEWL 7e R FP K ) BPA Fil BPS X 2 ff BPs, if
5T KB BPA BYfCI ) A1 BPS RE % o i 4% bt
MCBEARHEABIG LB I I, BAEH BPs 7] g 2338
b BE AL S I B G LA™

RERANSRREE BPs Wik EE iR, —HH,
SARL 7 A FIE S 25 4 P BE VR 22 T I AU 25 ) I fig i
AR B S A R 3 N AT GR A .
(R AW B TE S RN 5 (2) H 8 22 iR
PR T ER T 28 3 T VR I AR AE IR (B3) R TR K AT
SHMRAR T RIZLRR BB A Y 5 R 1 R A PR
MRS 5 (@) B bR Y B AR 2 A BPs iR
RAAE A PRI B 4l B HOR 7R B A
Tl A7 3L B, Zhou SE¥F ST & B, — IR P 98
B E ) BPs RRUE RS 2 5 LAk b, oK A
TnEAER R 0 $A 32 8 6% 7 8 B[] P9 i i2F BPs
Wit , BB BPs SR 2 G M, &
s T 1) SRR I U B e A AR, 8
HHEFE I, 55 AR — 26 5 R AR PR BPA
M2 5% 5 0 Sk B O A Y OE 1) A G
PES T RN SR B — TR I s TSk B
1 BPA (W78 55 O 2 W 2 e T AR LA i B ™
M2 A RE Sk B T 9% 16 2 5 H: BPA (1Y 22 58 A C

HEMERY s Hartle 55 7 35 [ 1l B A1 97 46 2 18 25 I3
H RIS T RESL B 2 5 I 9 PR BPA MR
FAE G , R 30 B P Sk % 35 IR S 33 O i e =k
TS AR, IR BPA W43 5 T+ 41%
70% F1 229% , K £ 5 5 R BPA Wk B2 A7 i 24
Kok, HEAT UL, Sk 08 BPs iIE R I
it Wi NKRTET BPs Witz —, B—0
fil , BPs %7K | - e R KI5 115 Ytk — 5 i Ak
PR CATER SR KRN B A )52 8 BPs 154+, L4
A UM AR 7= i o e 22 4 5 KUK PR, Zhou 2689
TEH EHTTA 2017—2018 4F B4R 7 il XU W I 131 [
ORI TR F 12 RERA Y 379 A SEBRAE &
P BPA J 2 #8 /K - F i B XU 2640 3, HAR 2 BPS |
BPF F1 BPB, Xiong % 7E 1 [E =2 JH i R 4E (1) 4= 15
FESPIREH T 9 F BPs, Cunha 5™ 7E £ i 351
I FEZEIRRRE = 5 G Y BPA e HiAH 4= %) TBBPA
W2 N R A2 FR A 2 il & BPs 1991 2% &

JE N BPs ZEEINEZLIRIE, Zhang 5P A
2R PRV B L b 28 K2 v BPs (1975 1,
25 7 BPA I BPS J& ik 32219 BPs Z#&W, If
HIRW  BPs 1Y 2 i Wit 5 = K42 BPs [ 2
#Ea I A, R R B R BB FEOAEK
Jh78 BPs ke 2z — WA BPs [ P KAl
AE2E BPs 7E AR E B, Thayer 5058 &3,
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WSO B3 {6l FH A B 4R A 2 5 BN K 2% 5% T BPs (N
BPA F1 BPS)H RV Z — | BT 76 H & TAE H 4% i 44
BRI TAE N URR A 2 58 T XU 25 A0 5 10 XU
Ak, Gonzalez SEP7E NG I 2 M) 58 A0 TAE Y
T ML K H T BPA 1 BPB, BPA 142 5 2 Flf:
H R . Song SFEPTRT N JE A TR B 35 AT
B BT A & AR LTS AR i BPs iR & &, 55
5 W NHE IS T BPA AH LU, Ja A - 3% ol
W BT B2 AR N BPA 45 e B0 i HE B %
Hi L, UREH AR T BPA ()22 @t 5 o - 4 3R PR 1T
S —E W EEYE  {H BPAF 1 BPF 45 HoAh K %
B U AR R IR AE DG . BPS \BPF #il BPAF
S H R 0T BPA 1Y BPs, R 2 52 /K Fik
LIS T BPA (B B & A= 7 R F = 09 AN I 38, 2%
BB LT

3 BPs By N 4 iih F # 5 ( Endocrine-disrupting
effects of BPs)

BPA JZ—F 3L 7Y i) BRI VAR W T, AEAR Y 4b
X Z A A LR AL 5 7K A 3h ) | Wk v 218 3l 4 R L
SR A 22 H 3 TR P R, BPA
T WYl 5L A A R P Ak R 4 RN R L A0 {1 BPs
B, SR, Bk R 22 B B 5T 2 B, BPA B AR [
FEEA G P9 43 W TR0 , % [k BPA BT,
AR G B 530, W RE BAEEH TR
ST R AEREERON, , R ECE IR Z RN W R S
EUBI U 3 A RN T DI L ELY 2= I 1 A
LA B3R AR 1 5 s G L AR 1 R A
3.1 BPs [BERCR N 0T HER0N

WMERAE M B T 2 AW s S R R
FZELL 178-ME i (E2) | ME K i (E1) FHHE R 45 T2 B
FETE, E2 JEAE WK N ey J 80 1 e a1 R OB
2, HOKEZRUR 0B PR R B S
PR MONESE B UIAH G, Bk B 2 9 K3,
V£ BPA #:AX & () Z Fh BPs, 41 BPS  BPAF ,BPB,
BPF Fl1 BHPF 5§, X sl ALK 4 4 3 W T LR LE
BPA W5, REGS T 2R sh Y in B & £ K
B/ AR NS [ I 2R A iU 3l L DGR A Y
ik, NITSZI B2 (143 Wb /KF- . BLAk, i BE B2 5%
W 5 3 S A dE G A SRS R A B N 7 M R B, 3
Ml B S AE KR BRI RE ) B, 4 BT
AN[A] BPs TE A4 P A1 52 55 v %k A [R] B g 3 4 i 3R
W R G RE R

ZF BPs HENE 52 i M 33 2 32 1K (estrogen recep-

tor, ER){G P, L HEMER R TPk . ER J& TR
ZIRFE 45 ERa F1 ERB X 2 FfF Y . ER 414
LRGSR 2 AR B S AR R T A
AR B A5 , 2 2 2 5 ME AL & P HoAth
B R Z R, B 24 K N AR K IE B BPs
HA 524 M/si 590 ERa FI/EL ERB RN , $E =4
T ERa TP AN AR FE F U0 42980 25 32 AR (progesteron-
ereceptor, PR) . pS2 . GREBI .SPUVE  WISP2 FlI SDF-
1R ik e I DR 55 8 38 A0 1 s n 7L AR I
GEYIME, BPs 5 2RSS & M FEME = 24k
BB AE N 53U T HEA508 I 52w A A LA At A 3
UIte m) EAEAE FBLE . B, 732 43 FLEAY BPs
(RT3 2 AT P I AR5 L PR 0 AT BR800 ) i 2 A
W, BT, T NIEMERIRSEH ER DTSR
it A DR 7 240 RS B AL S T 2 R ANIR AL S Y
ER 1M A 777, W5 W, BPs 5 ERa Fll ERB
MZEBRFAEZE S P AW R, Li 7
FIFH N B 20098 41 (HeLa) 8 41 (HepG2) FILA
T PN BRE 21 it (Ishikawa) 730 7 T BPA 1 BPAF f4
WD 2R 8500, B 5 R IR MR B (< 10 nmol - L)
BPA 7l BPAF % ERa #l ERG HAFEHI/EM , %
e (=10 nmol-L™")BPA il BPAF #%} ERa il ERS
HA R AR, HAACHERIE, 2R RSN E
ZH 240 Jf 455 50 46 0 % I BPAF . BPC . BPB #il BPZ (1
ER 354+ 25 458 B L BPA T 57 I 7% ) T 9 10
WP, 2% 5 512 T ZRARSMTAL BPs
PR TRV W S BT . BARIRIN b &
YR Z RIS 7 B B — 3, L4 il
SR PR AT 4 5 (R ARSI 25 ST R S5 A Y
YEFIBET 2 AETE 22 5 . PRI, B T 05 A L il
B A sh 436 PR B a1 F 2 R A NIR AL & 9
WRZIRE W IR R T2 N, &Ll B
S0 A KA B b 4 4 R U T, o
3L cyp19alb T 28 B R 48 7 SN IR VE AL G 1) ME T
KRG EM AR B4 77, Moreman 255 F| ] # 77
cypl9al b Hk K FME R [ W TC 1+ (estrogen response
element, ERE) A2 25 (71 5¢ Y HE 1 A 46 3 DR B 25 £ iR
6734 T BPA .BPAF . BPF Hil BPS 1) i i % 1%
45 R R 4 Fp BPs YREIRHE cypl9al b KRk,
WP ZE N K /N2 BPAF>BPA=BPF>BPS, {4 N5k
it —2 R B LL BPAF MR BPA B AR i Al A
FA MR T80, B % e BPA B R Z iR+
PLimPETT o
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R4 BPs MEHE AT RFEHIHNE (FASERE)
Table 4 Effects and outcomes of BPs on estrogen endocrine system in vivo and in vitro
RER /AN 5% 5 1) TR MR TR -
BPs Exposed Exposure Exposure Endocrine disrupting -
References
animals/cells times concentrations effects
DT £ 11 S ME — B (B2) 7K 5 1 U
- TEBOH BB R AR, 7~ UBE S fh R R 484
HEREBET) £ S e
Disruption in male and female zebrafish plasma
Female and 21d 0.5,5,50 wg-L™! . . [61]
estradiol (E2) levels; decreased sexual maturity in-
male zebrafish . .
dex and egg production, and the increased malfor-
mation rate of progeny zebrafish
CF-1 WEHE/N WA/ BRI B2 7KSF- R AR
Female and male 12 h 1,3,9 mg-g™! Reduced levels of E2 in the urine of male and fe- [62]
CF-1 mice male mice
Ot O SR ASURE 20 B rf E2 S5 A 5 40 1) 40 Y 3
B, IO A AL A — AL R A A, T 4 AR
5 e HIRE
BPS 145 LR 40 Lo o .
i 48 h 0.1,1, 10 pmol-L Inhibition of E2 secretion in cultured swine granu- [63]
Swine granulosa cells o . ] )
losa cells; inhibition of cell proliferation, stimula-
tion of superoxide and nitric oxide production, and
interference with cellular metabolism
A B S ORL 40 D ; ,
; o THOBURL AR L B2 AR A
BT 6L 5S40 [ 1 fmol-L™" ~ L o .
. 6d Stimulation of E2 production in bovine granulosa [64]
Bovine granulosa 100 wmol-L™!
cells
and theca cells
FNR AN T I D) RE RS R LA BV TR R R
S L B
GD30 ~ GD100 0.5 mg-kg i ) [65]
Pregnant sheep Endocrine dysfunction of sheep placenta and dys-
regulation of fusion trophoblast signaling pathway
T [ B R AR W UM DG B DA 1) Rk
PEBE S 0 B2 43 WAZK P-4 5 40 B BREAR 09
- MCFEFAETEG SR FRAR, B 0 AR FE D REZ 40
HEHEBE T - NI
0.001, 0.01, Interference with the expression of steroidogenic
BPB Female and 21 d . . [66]
01,1 mg-L™! genes; increased E2 secretion of male zebrafish;
male zebrafish .
reduced numbers of eggs, decreased hatching rate
and survival rate, and the damage on the repro-
ductive function of zebrafish
SRR KPR, B2 KT (MEEBE S 1) ; 52
e Xt £ SRR T (R B 2 £
BPAF Female and 28 d 0.05,025,1 mg-L™" Decreased testosterone levels and increased E2 [67]
male zebrafish levels (male zebrafish); increased testosterone se-
cretion (female zebrafish)
T B 522 [ R A AR 5 3l T AR R R
PRI 27K WA, DA 5 B 9 i 19 s BPAF
Fe BPA SEREAREE/IN BT PR RS (L9 1) O
BPAF  /NRU(FE NERENIE) Interference with the expression of steroidogenic
L 6 weeks 3, 30,90 mg-kg™! . [68]
BPA Mouse (endometriosis) genes in the ovary; decreased progesterone levels

and increased number of atretic follicles; BPAF
promotes the development of endometriosis in

mice more than BPA
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244
5 S/ g TR MR TR -
BPs Exposed Exposure Exposure Endocrine disrupting g
. R . References
animals/cells times concentrations effects
TE TR FEA 5 M ZR L8 A R HE AL sprr2a Fl
% BHPF HIfi%E7K  spr2b Rk B HE T
10d Plastic bottled water ~ Decreased uterine weight; the down-regulation in
JNEL containing BHPF the expression of estrogen response-related genes
Mice sprr2a and spri2b [69]
4. 10. 50 T TR RTINS DU R B0
PND24 ~ PND60 o Reduced uterine weight; endometrial atrophy; an-
mg-kg™! . .
tiestrogenic effects
BHPF
GUERANMIEE 1| HLAREROR D ; SRR
ZWRRRIR T (ATPYKPREAR  IG M (ROS) R 2
5 BIRE A0 A SO T I RR A AL
AR i) Decreased oocyte first body release; abnormal
i 42 ~44 h 25,50, 75 pwmol-L™! ) ) . [70]
Porcine oocyte spindle assembly, reduced adenosine triphosphate
(ATP) levels, accumulation of reactive oxygen
species (ROS), induction of early oocyte apopto-
sis; disordered oocyte maturation
{E : GD SRR LRI ; PND 3575 il 78] ; BHPF 7R XU 25
Note: GD means gestational day; PND means perinatal period; BHPF means fluorene-9-bisphenol.
x5 KSMTAE BPs BEBERESEFE MY AR
Table 5 Animal cell models for in vitro evaluating estrogen receptor activities of BPs
A R JH For i 45 2 E=PEN
Cell models Principle Detecting results References
. B o ) BPA>BPAF(ER«)
FTOLRBERL LKA ERa B E % Y % HeLa 4
HeLa I FE BF(Rluc) it 3L H A1 ERe 5 ERB 43l 5 4 & HeLa 4 fifl BPAF>BPA(ERS)
5%, HepG2 4ififs
. . BPAF>BPA(<10 nmol-L™" ,ERa) [72]
The luciferase (Rluc) reporter gene and ERa/ERB were transfected in- 1
= L™
HepG2 to HeLa cells or HepG2 cells, respectively BPA>BPAF(>10 nmol-L™", ERa)
BPAF>BPA(ERB)
g i Sl 22 YL 25 A M O 2 4 L B
KGR B (Luc)fe Je 2 54 N TR 3R 32 K (BR) I L AR o BPC>BPAF>BPA>BPS 73]
4 ff1(T47D), # & T47D-KBluc 45!
T47D-KBluc The luciferase (Luc) was transfected into human breast cancer cells
.. BPAF>BPB>BPZ~ BPA>
(T47D) containing endogenous estrogen receptor (ER) to construct a [74]
BPF =~ BPAP>BPS
T47D-KBluc cell model
W TR AP fluc )35 5 D FIMERCR S oo IR i AR ER 5% 2%
Z o [ £ BRI L4 (CHO),, 8 CHO-K1 4 ifa i BPAF>BPB>BPZ
CHO-K1 Human ER regulated by luciferase (Ffluc) reporter gene and estrogen >BPA =~ BPE =~ BPF>BPS> [75]
response element was transfected into Chinese hamster ovary cells BPAP>BPP
(CHO) to construct CHO-K1 cell model
WD G F A (Lue) I BE D £0 M 38 3% 52 A e e 2 JFC O U 40 il 3%
(ZFL), ##d ZELH-zfERs 4 Jfi A58 BPA>BPS>BPF(ZELH-zfER)
ZELH-zfERs [76]

The luciferase (Luc) and zebrafish estrogen receptor were transfected

into its liver cell line (ZFL) to construct ZELH-zfERs cell model

BPS ~ BPF>BPA(ZELH-zfERB)
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SRS
2 A Ji 3 GRIIEER S 275 3CHik
Cell models Principle Detecting results References
WD ZR R (F fluc Tt 5 2 PR FHME S 3R R L I 9 42 9 AR ER e
YEZE HeLa 2, ¥97 HELN 48 ffafsin
HELN Human ER regulated by luciferase (Ffluc) reporter gene and estrogen BPA>BPF>BPS
response element were transfected into HeLa cells to construct a
HELN cell model [77]
PO R MH(Fluc)fe Y 2 & 4 P IEYE ER A9 LR 40 L (MCF-
7), % MELN 4l f 4550
MELN BPA>BPF>BPS
Transfection of luciferase (Ffluc) into human breast cancer cells
(MCF-7) containing endogenous ER to construct MELN cell model
PO RBHR S B (Filue) | 51 8 25 11 8 307 7 91 F0 4 Bl
W SR GRS e & MCF-7 411, 9 2 MVLN 415
MVLN The luciferase reporter gene (Ffluc), the promoter sequence of vitello- BPA>BPS [78]

genin and the 4-segment estrogen response element were stably trans-
fected into MCF-7 cells to construct the MVLN cell model

{E: BPC £/ XU C.,
Note: BPC means bisphenol C.

3.2 BPs WM R TR0

TP R R T F SR L RN A A P — P J [
&, 5 E Z K (androgen receptor, AR)%E &, 7
HeR5 IR IR & B AR D BE ) AR B B R 4
SR, BF9T I, BPs fig B 4% 5 0 S B 09 AR 0
BRI R FELAUAR N 1 2R K F . Feng 450" & 31
[V BPAF M0 2% 58 K BRS84S 6 A= )
B LA AR T e DR R, P 19%) 2305 T A0 o 2 1) 75
FGT U5, S 2 R AR ML SR i 5 /s BRUZE A BRI N
IR FL I %2 5% BPAF Ji7 , BPAF figfi% i i i i sl it
BRSPS L 40, AR 52 U S2
() 0 b B S A (RS2 LA R 2 B MKE B T
W, SBALIMEIZE B R M v A RS BE ) i 4 1
f85, $ 7~ BPAF 2 &% BE 401 40 I Pk TR 19 A= 5 Ty
AE™ . Ullah % 57 & 8 BPA J B X5 BPF,
BPS Fl BPB 75/l 28 d Ji 2 P A S2 AL 4H 4L
I A SR i TR T R S LR BT A
B EARTRRG S T R o B S S U 2 1 OB S
4544, Ak, Ullah 455908 FF R T R BRI 4t 4 01 2
#% BPF .BPS .BPB I BPA Bl , 2 48 ROk iR
Jo WU TR BRER AL 2454, 40 52 i 1 AR A 4y
Wh S MAS A R B R BRI AT R S

{RAMGERE T BT, BPA o HLB R 5 3858 i
F5PT AR BFEMERE TR, AS[F] BPs X AR 1Y
UG TERA B 3% 22 5 . Hh BPAF #il BPA 7] L)

SEETEPUMEISNE S AR B9%5 4, T BPS AL B 155
(H5PTIE M. BPE,BPAF il BPB Xf AR 451
It BPA B3, ATRESHE— 20 T4 AR A 105 538
. 26 FIH TIRSMTAL BPs 1) AR 1M1 sh #1241
JuAsE AL
3.3 BPs BYHVIRIRER TR

FEODR B U 2% 2 F R AR o3 1 1) — P R IR AT A
Yy, 5 HARAR K 3Z K a(thyroid hormone receptor a,
THRa)5¥, B(thyroid hormonereceptor 8, THRB)%E & %
PRV AR R AAEFE AR R B S 2 AR )6E
BPs fig 520 gl P AL b FECR R 3 38 K P & HE N 43
WYL, BPAF(50 pg-L™)JE M 752 (168 h) Bk
A0 R 1 FEARHUIR IR R 097K RS2 725
PR B -3 {4 - HOR R (hy pothalamic-pituitary -thy-
roid HPT) il v A S 3 R 4 42 FFOIR BRI R B IR A
BREH HARR R E N | tho 1t SR H
S B, FRIN S 0 0 HUR R 9 3 TR B
Kwon %111 % Bl BPAF(24.5 pg- L™ )G K12
(21 BEE M0 G 2 N HPT Flh 3L A ah Fi
tshB 11 & 35 M A8 E 1A N HUIR R 36 4304, 4575 BPAF
T HPT il 7 52 45 98 42 AL T 52 o FEOER Ji
R W, ALV AR R I R A&, ek, BPF
(200 g L)% 1A 5% 8 o B TP B4 5 £ 44 oy — it
PRMR S 2 2 IR IR 25 RN AR R R 2R (thyroid-
stimulating hormone, TSH) (1) A= 1%, A1 3 W4, 3= 238 1
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W FEN crh . nis. tg. tr, dio2 1 ugtl ab ) 335 1] 5%
PR, 33K BEHE PR 2 5 4 R IR 6 i o s A
PSRBS54 T (AR R AR, AN TR 2 A
FhEEIT A 23 MUAE BPs X S HLIA 9 40 I R e 4
SOOI A ) R R A AR R i O TE Y B
PEROV PR

WA B, BPA B HA AR At X HUIR BRI 32 14
(thyroid hormonereceptor, THR) H. 4 7% 4+ 4% & Fl/ok,
FEPLRE M R RS W AEAS R ) 2R B T HA
AR THR 36, TEDOUME 5 w456l
BPA \BPS il BPF 1] DL 5 4+ ¥ 1 FH AR IR 3% 22 14k
THRa 11 THRB, 454 fiE 1 K/NJ& BPA>BPF>BPS,
IF HAHE L5 R A LR 50 1 UE W 3 22 BPs fig
5 THR 454G, H2, FIHE 40 GH3 4 L Al
% #L,BPA 1 BPF £ 5 ~50 pmol - L™ ¥ B 13 Fil 4
AR k- [ AR 14 7 Q306 THR, {H BPS 25 2 B
U RISV R R, BE THR B0V 559, HAE 50
pmol - L™ ¥k &~ HA #5491 THR MFEA™, Lu 5
L BERE ARG [R) R A& B BPS M yRALAT A= Wy DU
LIy S (tetrabromobisphenol S, TBBPS)7E ¥ 45 %% % AH
KWREE N REs bt Bt THRB, I H.HE i 3
fafiRfiG T THRB mRNA (335, BA — & iHt AR AR
PR, A, GH3 20 il 2 PP 1 Gy sl b2
s FECUR R PR 43 W 5 PR 1) R A58 | S 28d i R

=6

PR A L B S R SR AT i, Lee 455V I A2 40 i
BERIRFSE &I, Bk 22 5% N [) BPs 3468 LA it-Aio 1]
Wbty {2 ik GH3 435 , (0530 5 = BUH IR
Ji R (T3 )L [ B2 85 15, T BPs 42K 5 T3 15
I 40 4 B0 5 Y BE (10 mol - L) Y BPAF |
BPA .BPB BPF BPS Fll BPZ JZ lli#5 4/ T3 753 Ay 40
JUdEFE RN, BRI, BPAF . BPF . BPC Al BPS
THR i PERIH BPA 5, 38 7 5112 T 1RGNl BPs
IRBRER 2R TE R
3.4 BPs MR 2 N o TR0

WS R, ZF0 BPs % 5% g 52 M 1 28 9 430 3=
Bt BN S B Py i 247 S 2K L, AR AT
B EE I AR ANAL e B 4 L 2 5 A R 22 3
SEA —E A SETERY . BPs X #2847 M (5 0, 7] AE
HWEHMATW ARG A K, I, AN T WRG
SRR A R IR R A e -2 R B (hy-
pothalamic-pituitary-gonad, HPG)#li il HPT %% 1) ¢
R, Fr 1 R ) AR 1 B 3R R 0 R (gonadotro-
pin-releasing hormone, GnRHs) 1 B R AR i3 25 B ik
¥ & (thyrotropin releasing hormone, TRH)HE iE — £ ]
AN T AR 43 1 12 M R 9% &R (gonadotropins, GtHs) Fl
TSH, GtHs F1 TSH 42 P4 i b PR IR DL HUIR R o
FFOPR R 08 2R 10 B J R 0, TP 8 R 0 IR B R
ORI DA it R i L 4% GnRHs GtHs \ TRH F

R SMTAE BPs HE# 3R 2 0E 1 H 30 1 ZE B AR B

Table 6 Animal cell models for in vitro evaluating androgen receptor activities of BPs

i A A
Cell models

kil

Principle

LRUIESE N

Detecting results

27 3k

References

PALM

A DR (P fluc) 41 15 56 PR FUERL R ST RL T 4 428 14 I IR 32 AR (AR B
e 25 ARSI AR ANML(PC3), FIHE PALM 4 Hu ki

The luciferase (Ffluc) reporter gene and androgen receptor (AR) regulated by
androgen response element were transfected into human prostate cancer cells

(PC3) to construct a PALM cell model

BPA>BPF

[77]

CVl1

He AR Rk ok B POE R MY/ BLFL D IR HE(MMTV) 1 Rlue 42
RN SERE e AR SR P AN AR(C V) IR E LAY CVI 2 e

AR expression plasmid, mouse mammary tumor virus (MMTV) carrying lucif-
erase and Rluc reporter gene were co-transfected into African green monkey

kidney cells (CV1) to construct a recombinant CV1 cell model

BPAF>BPA

[84]

CHO-K1

A5G ER G(F fluc) 4 5 B PR 3R SR Te A I 19 AR e 2 25 b [543
RO 5L 40 il (CHO) , A4 CHO-K1 4 A5 75

A luciferase (Ffluc) reporter gene and AR regulated by the androgen response
element were transfected into Chinese hamster ovary cells (CHO) to construct

a CHO-K1 cell model

BPE>BPF>BPB>BPA

[85]

BPE>BPB ~ BPA>BPF>BPZ ~
BPP ~BPAP>BPAF
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Table 7 Methods for in vitro evaluating thyroid receptor activities of BPs
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GH3

R BT (AR A AE(GH3 ) H AT = AR 0 B 0 (T3 ) A0 ot 4 48 4 170 4
LA T3 S B R LB A A 0 T3 % GH3 40 i 14 7 s 200 A Py R
PR B dio2 W2, LATEAN A& Py % R IR 3R 52 1 (THR) 1) ¥ 3
E R/ RS

Rat pituitary tumor cells (GH3) have the characteristics of triilodothyronine
(T3)-dependent proliferation. By using T3 as a positive control, compare the
effects of compounds and T3 on GH3 cell proliferation or intracellular thyroid
hormone or dio2 to evaluate the agonistic or antagonistic activity of com-

pounds on thyroid hormone receptor (THR)

BPAF>BPF>BPC>
BPS>BPA>BPB>
BPZ>BPAP>BPM>BPP

[39]

H4 GH3
Recombinant GH3

K FHR M8 R BSOS TC A (TRE) VA 9 %€ 't 28 i (RIuc) 4l 7 JE [ 4% e 22 GH3
i A T ALY GH3 4H A Y

The luciferase (Rluc) reporter gene regulated by thyroid hormone response ele-
ment (TRE) was transfected into GH3 cells to construct a recombinant GH3

cell model

BPF>BPA>BPS

[89]

RERERUR A
E
Yeast two-hybrid

system

H% THR A 517 DNA S5 G4 BRI, TRE 56 R g [0 28 15 e St 0 25
Pl JSoRE T K L 2 b SO [] I 5 Qe A AT i B PR JacZ 1) B
BRI A, A AT P75 57 s ZR T 5 e 1 T

The plasmid carrying DNA binding domain inserted with THR and another
plasmid containing transcriptional activation domain inserted with TRE were
co-transfected into the yeast strain containing reporter gene /acZ and then

screened in the corresponding auxotrophic medium

BPAF>BPC>BPA>BPE

O1]

. BPM £ A M,

Note: BPM means bisphenol M.



76 £ x B

PLINN O P17 5

4 HFZEEE (Research prospect)

BPs J&— 2K MU Y PR BT N 3 W T 404, 5k A
T2 T ARSI H R 2 b, A28 BPs 2% 58 XU
Je R g, O 28 Bk Ja I AR 5 1 2 XU IR
BEXF BPA C&TTJ 1 85k 4 Tl 1) B 1 BF 58 AU
PEAS AE AT X BPA 54X 9 B M 800 A 5 A XoF 488
A JEHET N AU T AN I B SR AT AR B = R H
4 T XU PEAG B0 | A7 A R B (B AR 58 B Rk 1)
A, AR E LA T LA,

(DEFXF AR I B BPA AR 5 R AT £ )
BN AR AT PEAS . VF 2B AU BPA B
P BAT A AR G A B B b AT )2
ISEFH  AEATY SR ke = AR 7 B4 B PR BIF 98 6045 P4 4 8 4
BN VPN B8 | 75 ZEEE XTI S BPs T J 42 1T 1
G3UATHLN VTA

Q)EEST Z HR A | e i A R A AN RS
YN I3 T IRt R ARSMEY) 2 o7k
VA AMIEAL G P 0 W T P00 ) BRAB S 4K
T A5 T L 30 0 4 e s e B A ) VAN D iR 8
FEAE—E W R BRI , Tk [ s e B sy R | SfeE
PEFIERAERIME ST R, JF R R it | = 2 SR AL
e I 2 BPs miCH At Ak 2% 9 5T 9 3 W T LR
B 53 B 7 %, 8 57 56 T Y O I bR o KR
EDCs P73 TR0 A TAESHER AR 3

Q)REAIFE BPs N4 MW T ALE], 758,
TE H A% BPs PN 3 W 1 4500 i 5 3 2 A PR I8
FAHUR IR R 5 N 53 I R GE A b IR w2
R AR A PN 43 0 R G BRSSOV 5 HLR B BT
i —2L B BPs Xof ik £ P4 43 0 3R 48 1 15 5 U A%
158 AT 7 1 A AL, 425 08 A AR A AR W 5 AR
FEIZ8“ Bl 28PN 0 06 46 45 I 4% DR A 7y 32 3L i
BPs X HILAAR N 43 Wb 1) T PR A0 5 41 BLEI, 40
BPs 114 PN 43 06T P2l ns X ATL A4 Ath DI i 1) 5 i) 5 X6F
HA LRI EH

(4)BPs FABALRN Sost e #E ki 9E . ©&f
Dbt 5E % B BPs RE 838 1o 3R WL st AL AL & 45 N
ST HRARLNE | W5t A ) e A8 m) R 7 A 5 SR Y
RUONE A I e A B ¥ R 4 ALl 22—
B HATE AT BPs 2R 0 35 % 280107 FAH S HIL I 14 BF 5%
B> BPs X R WList 14 1 52 e 5 A A5 N 43 W T 4R
RO AT NTERR R | s 5 23 it A% 2 ORI A 52
TN W LT R T S EBRAR
MHT R AR BE )22 UK ) R BPs PN 40 b 1 30 0 9 <

W e FAIL ]

G X ZFh BPs 524 5 5 1) P9 43 Wb TP sk
P FFEPERLEI ST . BRI AR BPs 15 YL fl 5
FE A R, BPs 1Y 2R R S L L ML S W L R A7 7R
X, s Ye 2 o B A 8 , I s X BPs Bk
G SR RO S AL WS B Bl T S b e ik
BPs [ N 53 Wb HL 300 B AH G B 14 S 26 6, PA
BPs #& % XU

BIEEE N 81963 —), ¥, TR, T2 %
7 @) AR R E A A R iR 4

2% 3L ( References) :

[1] Kavlock R J, Daston G P, DeRosa C, et al. Research
needs for the risk assessment of health and environmental
effects of endocrine disruptors: A report of the US EPA-
sponsored workshop [J]. Environmental Health Perspec-
tives, 1996, 104(Suppl. 4): 715-740

[2] Welshons W V, Nagel S C, vom Saal F S. Large effects
from small exposures. Ill. Endocrine mechanisms media-
ting effects of bisphenol A at levels of human exposure
[J]. Endocrinology, 2006, 147(6): s56-s69

[3] Chen D, Kannan K, Tan H L, et al. Bisphenol analogues
other than BPA: Environmental occurrence, human expo-
sure, and toxicity: A review [J]. Environmental Science &
Technology, 2016, 50(11): 5438-5453

[4] Lee HR, Jeung E B, Cho M H, et al. Molecular mecha-
nism(s) of endocrine-disrupting chemicals and their potent
oestrogenicity in diverse cells and tissues that express
oestrogen receptors [J]. Journal of Cellular and Molecular
Medicine, 2013, 17(1): 1-11

[5] Costa EM F, Spritzer P M, Hohl A, et al. Effects of en-
docrine disruptors in the development of the female repro-
ductive tract [J]. Arquivos Brasileiros de Endocrinologia e
Metabologia, 2014, 58(2): 153-161

[6] National Toxicology Program (NTP). NTP Research Re-
port on the CLARITY-BPA core study: A perinatal and
chronic extended-dose-range study of bisphenol A in rats
[R]. Washington DC: National Institute of Environmental
Health Sciences, 2018

[7]1 Willhite C C, Daston G P. Bisphenol exposure, hazard and
regulation [J]. Toxicology, 2019, 425: 152243

[8] AFk. M A BFEHAAMLRARKEHEE RMATH
FEMAD]. AL ERAERRE, 2018: 1-4
Shi J. Effects of bisphenol A on the growth, reproductive

development and apoptosis in Caenorhabditis elegans un-



551 1) BAEAE AU AL W15 G BRI N 73 I8 T 8O 5 3 I 77

[10]

(1]

12]

[14]

[15]

[16]

[17]

der different exposure ways [D]. Hefei: University of Sci-
ence and Technology of China, 2018: 1-4 (in Chinese)
TR, IR A PRI PRSEHER R ROM AT 52 [D]. JEat:
T E BB, 2014: 11

Usman A, Ikhlas S, Ahmad M. Occurrence, toxicity and
endocrine disrupting potential of bisphenol-B and bisphe-
nol-F: A mini-review [J]. Toxicology Letters, 2019, 312:
222-227

Cunha S C, Fernandes J O. Quantification of free and to-
tal bisphenol A and bisphenol B in human urine by dis-
persive liquid-liquid microextraction (DLLME) and heart-
cutting multidimensional gas chromatography-mass spec-
trometry (MD-GC/MS) [J]. Talanta, 2010, 83(1): 117-125
Alabi A, Caballero-Casero N, Rubio S. Quick and simple
sample treatment for multiresidue analysis of bisphenols,
bisphenol diglycidyl ethers and their derivatives in canned
food prior to liquid chromatography and fluorescence de-
tection [J]. Journal of Chromatography A, 2014, 1336: 23-
33

Cunha S C, Almeida C, Mendes E, et al. Simultaneous
determination of bisphenol A and bisphenol B in bevera-
ges and powdered infant formula by dispersive liquid-lig-
uid micro-extraction and heart-cutting multidimensional
gas chromatography-mass spectrometry [J]. Food Addi-
tives & Contaminants: Part A, 2011, 28(4): 513-526
Cunha S C, Cunha C, Ferreira A R, et al. Determination
of bisphenol A and bisphenol B in canned seafood combi-
ning QUEChERS extraction with dispersive liquid-liquid
microextraction followed by gas chromatography-mass
spectrometry [J]. Analytical and Bioanalytical Chemistry,
2012, 404(8): 2453-2463

Grumetto L, Gennari O, Montesano D, et al. Determina-
tion of five bisphenols in commercial milk samples by
liquid chromatography coupled to fluorescence detection
[J]. Journal of Food Protection, 2013, 76(9): 1590-1596
Kuruto-Niwa R, Nozawa R, Miyakoshi T, et al. Estrogen-
ic activity of alkylphenols, bisphenol S, and their chlori-
nated derivatives using a GFP expression system [J]. En-
vironmental Toxicology and Pharmacology, 2005, 19(1):
121-130

Simoneau C, Valzacchi S, Morkunas V, et al. Comparison
of migration from polyethersulphone and polycarbonate
baby bottles [J]. Food Additives & Contaminants: Part A,
2011, 28(12): 1763-1768

Wu L H, Zhang X M, Wang F, et al. Occurrence of bis-

phenol S in the environment and implications for human

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[29]

exposure: A short review [J]. Science of the Total Envi-
ronment, 2018, 615: 87-98

LuSY, Yu YL, Ren L, et al. Estimation of intake and
uptake of bisphenols and triclosan from personal care
products by dermal contact [J]. Science of the Total Envi-
ronment, 2018, 621: 1389-1396

Rochester J R, Bolden A L. Bisphenol S and F: A sys-
tematic review and comparison of the hormonal activity
of bisphenol A substitutes [J]. Environmental Health Per-
spectives, 2015, 123(7): 643-650

Lee S, Liao C Y, Song G J, et al. Emission of bisphenol
analogues including bisphenol A and bisphenol F from
wastewater treatment plants in Korea [J]. Chemosphere,
2015, 119: 1000-1006

Ji K, Choi K. Endocrine disruption potentials of bisphenol
A alternatives: are bisphenol A alternatives safe from en-
docrine disruption? [J]. Korean Journal of Environmental
Health Sciences, 2013, 39(1): 1-18

Yu X H, Xue J C, Yao H, et al. Occurrence and estrogenic
potency of eight bisphenol analogs in sewage sludge from
the US EPA targeted national sewage sludge survey [J].
Journal of Hazardous Materials, 2015, 299: 733-739

Im J, Loffler F E. Fate of bisphenol A in terrestrial and a-
quatic environments [J]. Environmental Science & Tech-
nology, 2016, 50(16): 8403-8416

Jin H B, Zhu L Y. Occurrence and partitioning of bisphe-
nol analogues in water and sediment from Liaohe River
Basin and Taihu Lake, China [J]. Water Research, 2016,
103: 343-351

Wan Y J, Xia W, Yang S Y, et al. Spatial distribution of
bisphenol S in surface water and human serum from Yan-
gtze River watershed, China: Implications for exposure
through drinking water [J]. Chemosphere, 2018, 199: 595-
602

Si W, Cai Y F, Liu J C, et al. Investigating the role of
colloids on the distribution of bisphenol analogues in sur-
face water from an ecological demonstration area, China
[J]. Science of the Total Environment, 2019, 673: 699-707
Zhang H F, Zhang Y P, Li J B, et al. Occurrence and ex-
posure assessment of bisphenol analogues in source water
and drinking water in China [J]. Science of the Total En-
vironment, 2019, 655: 607-613

Liu Y H, Zhang S H, Song N H, et al. Occurrence, distri-
bution and sources of bisphenol analogues in a shallow
Chinese freshwater lake (Taihu Lake): Implications for ec-

ological and human health risk [J]. Science of the Total



78 A5 #F O ¥ 17 8
Environment, 2017, 599-600: 1090-1098 rence and human exposures [J]. Environmental Science &
[30] Wang Y X, Liu C, Shen Y, et al. Urinary levels of bisphe- Technology, 2012, 46(12): 6860-6866
nol A, F and S and markers of oxidative stress among [40] Liu Y H, Yan Z Y, Zhang Q, et al. Urinary levels, compo-
healthy adult men: Variability and association analysis [J]. sition profile and cumulative risk of bisphenols in pre-
Environment International, 2019, 123: 301-309 school-aged children from Nanjing suburb, China [J]. Ec-
[31] Zheng C Y, Liu J C, Ren J H, et al. Occurrence, distribu- otoxicology and Environmental Safety, 2019, 172: 444-
tion and ecological risk of bisphenol analogues in the sur- 450
face water from a water diversion project in Nanjing, Chi- [41] Xue J C, Wu Q, Sakthivel S, et al. Urinary levels of endo-
na [J]. International Journal of Environmental Research crine-disrupting chemicals, including bisphenols, bisphe-
and Public Health, 2019, 16(18): 3296 nol A diglycidyl ethers, benzophenones, parabens, and tri-
[32] Yamazaki E, Yamashita N, Taniyasu S, et al. Bisphenol A closan in obese and non-obese Indian children [J]. Envi-
and other bisphenol analogues including BPS and BPF in ronmental Research, 2015, 137: 120-128
surface water samples from Japan, China, Korea and India [42] Asimakopoulos A G, Xue J C, de Carvalho B P, et al. U-
[J]. Ecotoxicology and Environmental Safety, 2015, 122: rinary biomarkers of exposure to 57 xenobiotics and its
565-572 association with oxidative stress in a population in Jeddah,
[33] Schmidt N, Castro-Jiménez J, Fauvelle V, et al. Occur- Saudi Arabia [J]. Environmental Research, 2016, 150:
rence of organic plastic additives in surface waters of the 573-581
Rhone River (France) [J]. Environmental Pollution, 2020, [43] Deceuninck Y, Bichon E, Marchand P, et al. Determina-
257: 113637 tion of bisphenol A and related substitutes/analogues in
[34] Liao CY, Liu F, Moon H B, et al. Bisphenol analogues in human breast milk using gas chromatography-tandem
sediments from industrialized areas in the United States, mass spectrometry [J]. Analytical and Bioanalytical
Japan, and Korea: Spatial and temporal distributions [J]. Chemistry, 2015, 407(9): 2485-2497
Environmental Science & Technology, 2012, 46 (21): [44] LiuJ Y,LiJ G, WuY N, et al. Bisphenol A metabolites
11558-11565 and bisphenol S in paired maternal and cord serum [J].
[35] Yang Y J, Lu L B, Zhang J, et al. Simultaneous determi- Environmental Science & Technology, 2017, 51(4): 2456-
nation of seven bisphenols in environmental water and 2463
solid samples by liquid chromatography-electrospray tan- [45] Zhou J, Xu J J, Cong J M, et al. Optimization for quick,
dem mass spectrometry [J]. Journal of Chromatography easy, cheap, effective, rugged and safe extraction of my-
A, 2014, 1328: 26-34 cotoxins and veterinary drugs by response surface meth-
[36] Wang W, Abualnaja K O, Asimakopoulos A G, et al. A odology for application to egg and milk [J]. Journal of
comparative assessment of human exposure to tetrabro- Chromatography A, 2018, 1532: 20-29
mobisphenol A and eight bisphenols including bisphenol [46] Zhou J, Chen X H, Pan S D, et al. Contamination status
A via indoor dust ingestion in twelve countries [J]. Envi- of bisphenol A and its analogues (bisphenol S, F and B)
ronment International, 2015, 83: 183-191 in foodstuffs and the implications for dietary exposure on
[37] Song S J, Ruan T, Wang T, et al. Distribution and prelimi- adult residents in Zhejiang Province [J]. Food Chemistry,
nary exposure assessment of bisphenol AF (BPAF) in va- 2019, 294: 160-170
rious environmental matrices around a manufacturing [47]1 Zhou Q H, Jin Z H, Li J, et al. A novel air-assisted liquid-
plant in China [J]. Environmental Science & Technology, liquid microextraction based on in situ phase separation
2012, 46(24): 13136-13143 for the HPLC determination of bisphenols migration from
[38] Ye X Y, Wong LY, Kramer J, et al. Urinary concentra- disposable lunch boxes to contacting water [J]. Talanta,
tions of bisphenol A and three other bisphenols in con- 2018, 189: 116-121
venience samples of US adults during 2000-2014 [J]. En- [48] Covaci A, Hond E D, Geens T, et al. Urinary BPA meas-
vironmental Science & Technology, 2015, 49(19): 11834- urements in children and mothers from six European
11839 member states: Overall results and determinants of expo-
[39] Liao CY, Liu F, Alomirah H, et al. Bisphenol S in urine sure [J]. Environmental Research, 2015, 141: 77-85

from the United States and seven Asian countries: Occur-

(49]

Hartle J C, Navas-Acien A, Lawrence R S. The consump-



551 1) BAEAE AU AL W15 G BRI N 73 I8 T 8O 5 3 I 79

[51]

[53]

(54]

[55]

[56]

[57]

[59]

tion of canned food and beverages and urinary bisphenol
A concentrations in NHANES 2003-2008 [J]. Environ-
mental Research, 2016, 150: 375-382

Cao X L, Perez-Locas C, Robichaud A, et al. Levels and
temporal trend of bisphenol A in composite food samples
from Canadian Total Diet Study 2008-2012 [J]. Food Ad-
ditives & Contaminants: Part A, 2015, 32(12): 2154-2160
Liu J Y, Wattar N, Field C J, et al. Exposure and dietary
sources of bisphenol A (BPA) and BPA-alternatives a-
mong mothers in the APrON cohort study [J]. Environ-
ment International, 2018, 119: 319-326

Xiong L, Yan P, Chu M, et al. A rapid and simple HPLC-
FLD screening method with QuEChERS as the sample
treatment for the simultaneous monitoring of nine bisphe-
nols in milk [J]. Food Chemistry, 2018, 244: 371-377
Cunha S C, Oliveira C, Fernandes J O. Development of
QuEChERS-based extraction and liquid chromatography-
tandem mass spectrometry method for simultaneous quan-
tification of bisphenol A and tetrabromobisphenol A in
seafood: Fish, bivalves, and seaweeds [J]. Analytical and
Bioanalytical Chemistry, 2017, 409(1): 151-160

Zhang H, Quan Q, Zhang M Y, et al. Occurrence of bis-
phenol A and its alternatives in paired urine and indoor
dust from Chinese university students: Implications for
human exposure [J]. Chemosphere, 2020, 247: 125987
Thayer K A, Taylor K W, Garantziotis S, et al. Bisphenol
A, bisphenol S, and 4-hydroxyphenyl 4-isopro oxyphenyl
sulfone (BPSIP) in urine and blood of cashiers [J]. Envi-
ronmental Health Perspectives, 2016, 124(4): 437-444
Gonzalez N, Cunha S C, Monteiro C, et al. Quantification
of eight bisphenol analogues in blood and urine samples
of workers in a hazardous waste incinerator [J]. Environ-
mental Research, 2019, 176: 108576

Song S M, Duan Y S, Zhang T, et al. Serum concentra-
tions of bisphenol A and its alternatives in elderly popula-
tion living around e-waste recycling facilities in China:
Associations with fasting blood glucose [J]. Ecotoxicology
and Environmental Safety, 2019, 169: 822-828

Mu X Y, Huang Y, Li X X, et al. Developmental effects
and estrogenicity of bisphenol A alternatives in a ze-
brafish embryo model [J]. Environmental Science &
Technology, 2018, 52(5): 3222-3231

Lee J Y, Kim S, Choi K, et al. Effects of bisphenol ana-
logs on thyroid endocrine system and possible interaction
with 17B-estradiol using GH3 cells [J]. Toxicology in
Vitro, 2018, 53: 107-113

(60]

[61]

(63]

(64]

(66]

[67]

(68]

[70]

(71]

Ullah A, Pirzada M, Jahan S, et al. Bisphenol A and its
analogs bisphenol B, bisphenol F, and bisphenol S: Com-
parative in vitro and in vivo studies on the sperms and
testicular tissues of rats [J]. Chemosphere, 2018, 209: 508-
516

Ji K, Hong S, Kho Y, et al. Effects of bisphenol S expo-
sure on endocrine functions and reproduction of zebrafish
[J]. Environmental Science & Technology, 2013, 47 (15):
8793-8800

Pollock T, Greville L J, Weaver R E, et al. Bisphenol S
modulates concentrations of bisphenol A and oestradiol in
female and male mice [J]. Xenobiotica, 2019, 49(5): 540-
548

Berni M, Gigante P, Bussolati S, et al. Bisphenol S, a bis-
phenol A alternative, impairs swine ovarian and adipose
cell functions [J]. Domestic Animal Endocrinology, 2019,
66: 48-56

Campen K A, Lavallee M, Combelles C. The impact of
bisphenol S on bovine granulosa and theca cells [J]. Re-
production in Domestic Animals, 2018, 53(2): 450-457
Gingrich J, Pu Y, Roberts J, et al. Gestational bisphenol S
impairs placental endocrine function and the fusogenic
trophoblast signaling pathway [J]. Archives of Toxicology,
2018, 92(5): 1861-1876

Yang Q, Yang X H, Liu J N, et al. Exposure to bisphenol
B disrupts steroid hormone homeostasis and gene expres-
sion in the hypothalamic-pituitary-gonadal axis of ze-
brafish [J]. Water, Air, & Soil Pollution, 2017, 228(3): 1-
12

Yang X X, Liu Y C, Li J, et al. Exposure to bisphenol AF
disrupts sex hormone levels and vitellogenin expression in
zebrafish [J]. Environmental Toxicology, 2016, 31 (3):
285-294

Jones R L, Lang S A, Kendziorski J A, et al. Use of a
mouse model of experimentally induced endometriosis to
evaluate and compare the effects of bisphenol A and bis-
phenol AF exposure [J]. Environmental Health Perspec-
tives, 2018, 126(12): 127004

Zhang Z B, Hu Y, Guo J L, et al. Fluorene-9-bisphenol is
anti-oestrogenic and may cause adverse pregnancy out-
comes in mice [J]. Nature Communications, 2017, 8:
14585

Wang T, Han J, Duan X, et al. The toxic effects and pos-
sible mechanisms of bisphenol A on oocyte maturation of
porcine in vitro [J]. Oncotarget, 2016, 7(22): 32554-32565
Li Y, Luh C J, Burns K A, et al. Endocrine-disrupting



80 £ 0F # M ¥ 517
chemicals (EDCs): in vitro mechanism of estrogenic acti- [81] Feng Y X, Yin J, Jiao Z H, et al. Bisphenol AF may
vation and differential effects on ER target genes [J]. En- cause testosterone reduction by directly affecting testis
vironmental Health Perspectives, 2013, 121(4): 459-466 function in adult male rats [J]. Toxicology Letters, 2012,

[72] LiY, Burns K A, Arao Y, et al. Differential estrogenic ac- 211(2): 201-209
tions of endocrine-disrupting chemicals bisphenol A, bis- [82] LiJ, Sheng N, Cui R N, et al. Gestational and lactational
phenol AF, and zearalenone through estrogen receptor o exposure to bisphenol AF in maternal rats increases tes-
and B in vitro [J]. Environmental Health Perspectives, tosterone levels in 23-day-old male offspring [J]. Chemo-
2012, 120(7): 1029-1035 sphere, 2016, 163: 552-561
[73] Conley J M, Hannas B R, Furr J R, et al. A demonstration [83] Ullah A, Pirzada M, Jahan S, et al. Impact of low-dose
of the uncertainty in predicting the estrogenic activity of chronic exposure to bisphenol A and its analogue bisphe-
individual chemicals and mixtures from an in vitro estro- nol B, bisphenol F and bisphenol S on hypothalamo-pitui-
gen receptor transcriptional activation assay (T47D- tary-testicular activities in adult rats: A focus on the pos-
KBluc) to the in vivo uterotrophic assay using oral expo- sible hormonal mode of action [J]. Food and Chemical
sure [J]. Toxicological Sciences, 2016, 153(2): 382-395 Toxicology, 2018, 121: 24-36
[74] Mesnage R, Phedonos A, Arno M, et al. Editor’ s High- [84] Teng C, Goodwin B, Shockley K, et al. Bisphenol A af-
light: Transcriptome Profiling Reveals Bisphenol A Alter- fects androgen receptor function via multiple mechanisms
natives Activate Estrogen Receptor Alpha in Human [J]. Chemico-Biological Interactions, 2013, 203 (3): 556-
Breast Cancer Cells [J]. Toxicological Sciences: An Offi- 564
cial Journal of the Society of Toxicology, 2017, 158(2): [85] Rosenmai A K, Dybdahl M, Pedersen M, et al. Are struc-
431-443 tural analogues to bisphenol A safe alternatives? [J]. Toxi-
[75] Kojima H, Takeuchi S, Sanoh S, et al. Profiling of bisphe- cological Sciences, 2014, 139(1): 35-47
nol A and eight its analogues on transcriptional activity [86] Tang T L, Yang Y, Chen Y W, et al. Thyroid disruption in
via human nuclear receptors [J]. Toxicology, 2019, 413: zebrafish larvae by short-term exposure to bisphenol AF
48-55 [J]. International Journal of Environmental Research and
[76] Le Fol V, Ait-Aissa S, Sonavane M, et al. In vitro and in Public Health, 2015, 12(10): 13069-13084
vivo estrogenic activity of BPA, BPF and BPS in ze- [87] Kwon B, Kho Y, Kim P G, et al. Thyroid endocrine dis-
brafish-specific assays [J]. Ecotoxicology and Environ- ruption in male zebrafish following exposure to binary
mental Safety, 2017, 142: 150-156 mixture of bisphenol AF and sulfamethoxazole [J]. Envi-
[77] Molina-Molina J M, Amaya E, Grimaldi M, et al. In vitro ronmental Toxicology and Pharmacology, 2016, 48: 168-
study on the agonistic and antagonistic activities of bis- 174
phenol-S and other bisphenol-A congeners and derivatives [88] Huang G M, Tian X F, Fang X D, et al. Waterborne expo-
via nuclear receptors [J]. Toxicology and Applied Phar- sure to bisphenol F causes thyroid endocrine disruption in
macology, 2013, 272(1): 127-136 zebrafish larvae [J]. Chemosphere, 2016, 147: 188-194
[78] Kang J S, Choi J S, Kim W K, et al. Estrogenic potency [89] Zhang Y F, Ren X M, Li Y Y, et al. Bisphenol A alterna-
of bisphenol S, polyethersulfone and their metabolites tives bisphenol S and bisphenol F interfere with thyroid
generated by the rat liver S9 fractions on a MVLN cell u- hormone signaling pathway in vitro and in vivo [J]. Envi-
sing a luciferase reporter gene assay [J]. Reproductive Bi- ronmental Pollution, 2018, 237: 1072-1079
ology and Endocrinology, 2014, 12: 102 [90] Lu L P, Zhan T J, Ma M, et al. Thyroid disruption by bis-
[79] Cano-Nicolau J, Vaillant C, Pellegrini E, et al. Estrogenic phenol S analogues via thyroid hormone receptor 8: in
effects of several BPA analogs in the developing zebrafish vitro, in vivo, and molecular dynamics simulation study
brain [J]. Frontiers in Neuroscience, 2016, 10: 112 [J]. Environmental Science & Technology, 2018, 52(11):
[80] Moreman J, Lee O, Trznadel M, et al. Acute toxicity, tera- 6617-6625

togenic, and estrogenic effects of bisphenol A and its al-
ternative replacements bisphenol S, bisphenol F, and bis-
phenol AF in zebrafish embryo-larvae [J]. Environmental
Science & Technology, 2017, 51(21): 12796-12805

O1]

Lei B, Xu J, Peng W, et al. In vitro profiling of toxicity
and endocrine disrupting effects of bisphenol analogues
by employing MCF-7 cells and two—hybrid yeast bioas-
say [J]. Environmental Toxicology, 2017, 32(1): 278-289



551 1) BAEAE AU AL W15 G BRI N 73 I8 T 8O 5 3 I 81

92]

93]

[94]

[95]

Kinch C D, Ibhazehiebo K, Jeong J H, et al. Low-dose
exposure to bisphenol A and replacement bisphenol S in-
duces precocious hypothalamic neurogenesis in embryonic
zebrafish [J]. Proceedings of the National Academy of
Sciences of the United States of America, 2015, 112(5):
1475-1480

Qiu W H, Zhao Y L, Yang M, et al. Actions of bisphenol
A and bisphenol S on the reproductive neuroendocrine
system during early development in zebrafish [J]. Endo-
crinology, 2016, 157(2): 636-647

Mi P, Zhang Q P, Zhang S H, et al. The effects of flu-
orene-9-bisphenol on female zebrafish (Danio rerio) re-
productive and exploratory behaviors [J]. Chemosphere,
2019, 228: 398-411

Gong M, Huai Z Q, Song H, et al. Effects of maternal ex-

[96]

971

98]

posure to bisphenol AF on emotional behaviors in adoles-
cent mice offspring [J]. Chemosphere, 2017, 187: 140-146
Ji XM, Shi L L, Yin X, et al. Sex- and developmental
stage-dependent effects of fluorene-9-bisphenol exposure
on emotional behaviors in mice [J]. Chemosphere, 2019,
225: 890-896

Kolatorova L, Vitku J, Hampl R, et al. Exposure to bis-
phenols and parabens during pregnancy and relations to
steroid changes [J]. Environmental Research, 2018, 163:
115-122

Castro B, Sanchez P, Torres J M, et al. Bisphenol A, bis-
phenol F and bisphenol S affect differently Sa-reductase
expression and dopamine-serotonin systems in the pre-
frontal cortex of juvenile female rats [J]. Environmental
Research, 2015, 142: 281-287 *



