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Abstract:

Bisphenol A (BPA) is a recognized environmental endocrine disruptor with estrogenic-like
effects. It is widely used in industry to synthesize materials such as polycarbonate and epoxy
resin. Because a large number of studies have confirmed the biological toxicity of BPA, the
production and use of BPA are strictly restricted. Therefore, some substitutes of BPA, such as
bisphenol F, bisphenol S, and bisphenol AF, have been gradually developed and widely used in
various consumer products. With the large-scale production and use, BPA and its analogues
can be detected in almost all environmental media and some human biological samples.
Therefore, it is urgent to study whether these new substitutes are safe or not. In recent years,
with the development of relevant research, BPA analogues have been proved to have a variety
of toxic effects on organisms. This paper summarized the environmental pollution of and
human exposure to BPA and its analogues at home and abroad. Their biological toxic effects
were reviewed as well, including acute toxicity, endocrine interference effect, neurotoxicity,
reproductive and developmental toxicity, cardiovascular toxicity, cytotoxicity, and genotoxocity.
Future research perspects of BPA analogues were discussed.
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FRANEY SN W, B BiH 5% P & IR I ER 2K 4
B W B AF [4, 4'- (hexafluoroisopropylidene) diphenol,
BPAF]. IXEf AP [4, 4'- (1-phenylethylidene) bisphenol,
BPAP]. XXE#% B [2-bis (4-hydroxyphenyl) butane, BPB] .
N B2 € [2, 2-bis (4-hydroxy-3-methylphenyl) propane,
BPC]. XX % E (4, 4'-ethylidenebisphenol, BPE). XX
B3 F (4, 4'-methylenediphenol, BPF). XX &3P [4, 4'-
(1, 4-phenylenediisopropylidene) bisphenol, BPP].
X &7 S (4-hydroxyphenyl sulfone, BPS) #1 X &3 z (4,
4'-cyclohexylidenebisphenol, BPZ), & 1 %IH 7 A X
R K B9 BPA R EL S RVIR (L 1 B,

®1 XHRHIMEBPAREEERMMAEB LR Y

Table 1 Physicochemical properties of BPA and its key analogues

in this paper
E¥EE/
_ KDEE  HEXTS
= ) CAS No. - EE
Birttaw 927 2 FERE DFLERE
(logKow)
INERA (BPA)  CisH1s02  080-05-7 3.43 22829 . O/H
FF OH
X
JNE AF (BPAF) CisHoFs0: 1478-61-1  4.47 336.23 O .
HO FF
Reven
SUES AP (BPAP) CxoHis0: 1571-75-1  4.86  290.36
INEH B (BPB)  CisH1s02  77-40-7 413 24231 /‘/g‘\
LT,
OH
NER C (BPC)  Ci7H2002  79-97-0 474  256.34 O
$¢ o
SNERE (BPE)  CiaH102 02081-8-5  3.19 214.26

SNER F (BPF) Ci3H1202  620-92-8 3.06 200.23

HO.
CuHx0: 2167-51-3  6.25 346.46
OH
(0]

CuH00:S 080-09-1  1.65 250.27 HOO

XRER P (BPP)

YRE S (BPS)

XY Z (BPZ) CisH2002  843-55-0 5.00 268.35

R, IWENRIIRIF BFFEUE K, BN ATUE
WIERUTH A, BIENBPF 2R A FIREL EAR. #
B, HEfFERAR, prsiEE A TFHamiER. &
SORKEIFIAEIR, URAT RGP A0 o
BPAF 2—KZANLEY), BRI EERFAREKFRTS

ABRKRHENEG, HFEEEMEE. BFmiian
SRt zERA, BPAP EERAFH ISR T
B, B—MREZMVEIFIFIZALR, FIER TR
B EBENARE Y, AR T ERSNE LY
IR SRR AMERERRNMEENS RN,
FRNRFTRE LA E = R kIR,

1 BPAKREEMMIIFIZRZRER
BE20175%, EERBPAFERSNER, S5
2iRE14375t, AHLKEFTEM 20%, BEZFRFE
1 o, i, KEBEWNEBXUIERERAHN
EXR2Z— BEEBPARE LM AR E ™, HN
RSB ERUTY Ko EEFMERNIERES, BPAK
HEWMABAZBHRBE AL ENINE, SBULFEEMR
BB B ERRES 10T R BPA e EL 4, 140
Rk BBl IREK B SRR L SER Ml EW
ALK LY e &, RT RS S iEt
28, EAKEARDHIRNET BrPA RRE I
Z<3Z LU BPA. BPAF. BPB. BPE. BPF Al BPS 7~ EL & Ay
INER SN 5, BEIR B 45T 2007—2019 FEE A Ik
XEMRER ERYIFRIFIRIR BN (FR2) b uel
HRER, HENRKPINE LR ER
E (5% : JRE) 535179 : BPA (ND~34.9ng.L") , BPAF
(ND~10.8ng-L*) , BPB (ND~14.3ngL"), BPE (ND“6.2ngL"),
BPF (ND~12.6 ng-L") #1 BPS (ND~5.2ng-L™) 1, % FB
KRB R FE 93 31 9 © BPA (ND~6.5ng-L) , BPAF
(ND~4.7ng:L") , BPB (ND~3.2ng-L*), BPE (ND~0.6ng-L"),
BPF (ND~0.9ng:L") #1 BPS (ND~1.6ng:LY) M, 8 E&iT
HERETR, BEASHENEZRTEHNEREIER
BYHEOSEFEY, BERHEIFERNEI LY
BRENHT™E, ABNSEEREEXEM, 2015 F,
REEZ=EZEARELFPRNELI, BAFMEEWE R
HHEBERTERE, B2 HNE RSP FHE
R [, HREMNEEN&EEARRGINIEHAER
WERBIWEIL MY e, EIRIARERIEER, B
BEWES IR MBS RIEREIR AT ENSE,

2 BPAREHEMUYMEAGHHNEEZRBR

BPA e L KM A RIEF BN R4 IZi0 H,
TE—LEHEEMENYRTHEEAERH, F0
BPF. BPB /1 BPS <5 BPA (UM 1E = E M P E 1 X K&
NEEIL. HEAE. FEESPIAFERRFRE, 1
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HETE 2.6%13.4%, B2 BPA KXIMYBIHERESD
1T 6.0~7.7ngg ) LI, BPA R EL IS AMITEEE R
KA RERARPMERRL, 50, 2= s
HEREERKRHT ngg' KIIBIBPA ; LaoEF" 7£
P EIR, A REE% 16 TAH R H BPSAIJL
fA39%8790.181 mg-g's HERFIRATEREHERS
TR BESHFIEFR, BPA RERX UMK

AL, HEABYIEIFES P,

T BPA R E X MMEIRE. BRESMBYH
2R, ANEAEE ZMEREMEET BPA RE LM
Mo BRI, BPANRERMUMEABNREIRRLE
Riz/b, ZKSCLLUBPA. BPAF. BPS 1 BPF 19 fjll, I8 2
457 2014—2019 FE AR I X F BPA R E KM TEA
KRR BRI IR R} (FR3) B,

&2 2007—2019 FERNIMXERIREAVIFIE R BPA REZEMYINZE E [R/IME ~ RAE (ML) 395
Table 2 Residues of BPA and its analogues in the environment reported in domestic and foreign literature from 2007 to 2019
[minimum-maximum (median) or mean]

EIRMMX HFALE FH T8I BPA BPAF BPB BPE BPF BPS SE X
[=]E3] Ak 2019 ng:L? ND~34.9 ND~10.8 ND~14.3 ND~6.2 ND~12.6 ND~5.2 [11]
A Ak 2019 ng-L* ND~6.5 ND~4.7 ND~3.2 ND~0.6 ND~0.9 ND~1.6 [11]
hEAH  HiFEk 2017 ngL? 28~560 (97) 0.70~23 (8.2) ND~28 (5.8) - ND~1600 (1400)  4.5~1600 (1200) [12]
REAGH  #hRAK 2013 ng:L? 4.2~14 (8.5) 0.13~1.10 (0.28) ND — ND~5.6 (0.83) 0.28~67 (6.0) [13]
B K 2014 ng:L? 12 - — - 215 3.4 [3]
E #hRAK 2014 ng-L* 63 - - — ND ND [3]
ENEE HEAK 2014 ngLl? 380 - — — ND 26.5 [3]
hENTE AR 2016 ngg’ ND~0.45 (0.14)  ND~0.010 (0.0016) ND - ND~0.41 (0.034)  ND~1.10 (0.092) [13]
REER ARY 2016 ngg’ 0.15~0.21 (1.00) ND~0.012 (0.0017) ND - ND~3.8 (0.92) ND~0.51 (0.007) [13]
FE S5 2011 ngg’ 275 ND ND - 249 3.8 [1]
EHE 53 2011 ngg’ 9.4 0.4 - 0.06 1.9 43 [14]
ESES| 53 2007 ngg’ 222 ND~1.8 ND~1.8 — 8.2 5.8 [15]
FE ERKRLE 2015 ngg’ 330 1.9 ND~1 - ND~1 ND~2 [16]
B ERKLE 2015 ng-g* 1700 4.1 ND~1 — 230 160 [16]
ESE| ERKLE 2015 ng-g* 1500 1.4 ND~1 — 200 ND~2 [16]
FE & 2012 ngg’ (LUBEEIT) 4.46 ND~0.01 0.01 — 0.03 0.15 [18]
EFEAY & 2013 ngg’ (LUESEI) 3.23 0.01 0.01 — 4.63 0.02 [17]

CE] — RN 5 ND @ Ki@to

&3 2014—2019 FERIMXEIRIES A 4 BPA R E XM B E [F/IVE ~ RAME (IR =395
Table 3 Residues of BPA and its analogues in human biological samples reported in domestic and foreign literature from 2014 to 2019
[minimum-maximum (median) or mean]

ERFX Bfla] HEAKE HAE FiR/P  ITER BPA BPAF BPS BPF SE R
hERER 2019 FR#¥ 80 3~5 pgl? ND~3.000 (0.610) ~ ND~0.088 (0.003)  ND~0.240 (0.028)  ND~0.078 (0.007) [19]
ERYI 2019 FR#¥ 80 8~11 pgl? ND~3.050 (0.370)  ND~0.060 (0.010)  ND~0.960 (0.070)  ND~0.440 (0.190) [19]
FREM 2019 FR#¥ 80 3~7 pg'l®  ND~31.100 (2.280)  ND~0.810 (0.040)  ND~0.120 (0.030)  ND~0.930 (0.210) [19]
HEF 2019  FREE 94 26~84 pgl? ND~4.380 (0.886)  ND~0.173 (0.018)  ND~2.510 (0.029)  ND~1.370 (0.228) [20]
AR TP/ EHTE 2018 BREE 1396 Z2{d>18 ngl'  0.72073.560 (1.660) ND 0.170~1.080 (0.360) 0.300~1.290 (0.570)  [21]
Pl TEavA =) 2015 FR#¥ 130 1~87 ng-L* 4.920 0.050 13.300 0.190 [22]
FE 2017 ¥ 81 21~78 pgl? 0.41~0.88 (0.67) 0.52~0.86 (0.71) 0.56~0.95 (0.78) - [23]
= 2018 [ 245 Z18~40 gl 0.050 ~4.020 — 0.073 ~4.840 0.052~0.845 [24]
HEHE 2014 BH, 20 M ZLEA pgl? ND~0.548 ND~0.056 ND~0.683 ND~0.166 [25]
EE 2015 §&3, 30 TEELER ug-kg® <L0Q~1.160 - 0.23 ~1.000 — [24]

UE] — @ R 5 ND & Rt
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MRREA, PERMREEZXFRE) LEREH
BPA. BPAF. BPF #l BPS PUFH R B N ER KUY DI 2K
E2~3113ng ", HERSHEERINFTMNEY3~11 %
JLEA—H", 81 8P EZIHE R ML Pt
WEY R &Y LA BPA. BPAFFIBPS N E, FRERETE
4% 5174 0.41~0.88. 0.52~0.86. 0.56™0.95 pgL* %, 5
BRREZW, EREFEE S I AIIEEMBEGN T
BPA e EL MRV TR BE ), EIRFARERIRTR, B8
EBPANERMYIFEREREEM Y, EIRERARK
BT RBIE N, AlReHRE™E,

3 SRR
3.1 24k

MAREUMSERBRATIAXNR, AR T U
INER 25 A% (BPAF. BPA. BPF 1 BPS) MU & ML & 14
Fo LHRKRA, BIZSEMBIEME 720 FHRERE
(median effective concentration, ECs,) 43 3! /9 0.92.
5.7 14, 155 mg-.L*, BT S HEF 14 96 h FEESERE
(median lethal concentration, LCs,) 43 3! 9 1.6. 12,
32, 199 mg-L", 1R IEFRINER KNI B S & IRRE =
MM AR /9 BPAF > BPA > BPF > BPS, 1Tt 5
BT XM NE L &Y, At T AERE
BYCAEZK R, PE AL, BB, At AN E
B S AR BB ), HERSENEE B
MRERB— BT HIE~EE N, BPARE
FXT E ok & BB AT, Tisler 3 2
527 BPF A BPAFXYAHE . S8, BRI & KRR
HBBEMILBIEMN, 5 BPAIS MR N# 1T T EE
B, RKRA, —MU ST BPAFXTTARE. HIE&
MEF RS M 558, LM, TEERIMNEIEH, Feng
EOMER NG LR R4 (H295R) AREILLIR T
BPA. BPS. BPF Al BPAF PUF X ER 14, S 43T 4HRE 5 14 HY
oM, 1RIE 72 h LCso, WEWIBIE R/ /I BPAF >
BPA>BPS>BPF,
3.2 WoWFIL

BPARYA D W FIMEEN—BERMRMNASR, BX
F BPA KA D W FIMIERN AR R AR EIR,
BAEH UG & AEE, Moreman 2 % &)X {E A
BI 5 £ BE AR #0 40 & 4R BY X3 BPA. BPS. BPF #l1 BPAF B9
SHMMBERHIT TSGR, HERMHER
MR BERAEZERTSETG (Er : Galaff) (UAS :
GFP) NIEBINH b SV B R KR 1T T IFN, 45

KAOMNEBMACEYHEESEERNS & 1
WMERN, MHHERRABM, EHERFERNHE
5 79 BPAF > BPA=BPF >BPS, Ith4h, Rosenmai ZF B JI| &
T BPB. BPE. BPF A1 BPS XYl =M EEHEZ A (ERA
AR) JEMRIRIM, L5RRE, KSEINE TR
FEMBFMMEES1S BPAKEIA, R BPF A BPS 4), BPAF,
BPB 1 BPC BB KM AT BPA BIBEENE S, LA E4E
SH—SoRIAN X5 BPA B RS E AN R,
3.3 #HEEN

—LE BPA MEL R WMIENEMAEAG, SF-EH
LM, MHEXMELENER, ARKRE, S5
SDEMIEMZHEE 4h (4 hours post fertilization, 4 hpf)
¥4 ZE T 8PS (00 0.03. 0.3, 3.0mgLY) EF 6K,
NS aMneanEsiT AL, 0.3, 3.0mgL" BPS
WIBAN S AL ENEEhEE BARES E B ZMEH,
RAFFERESEER, HEYHITEER sps T AKS
BB RRBEABEHEXERNKRENMESRMLR
5, RESENSERBHLAMBPAVAT B, X5
BPAF#1BPAP EEHNHIHI S & M BIETHTHNGERE
FE—EH, R R ESE PCRARAIZ AL REBIER
BPAF M1 BPAP VB EREB EZF M S B4 & R HiM
ZEBHEXERMNTIALY, N, EEIMATRH, Pang
EERNRBEMATANR (HT22) EETARKE
B9 BPA. BPS#1BPB, £55R & I BPA. BPS A1 BPB AJ & fi
HT22 4BEEAY ROS 7K. JAT-XK., RRFEAYIRAFNINS]
HREISTE, LS ERIA/IMKIR /I BPB>BPA>BPS, H
1 BPS BRHEA S RENLEY, AILIEINIERER
23 M4 7= rh BPA FOER B R,
3.4 ¥EES5REEMN

EXEE AT BPARE LXMW T &
FRFHITAMRE, a0 B IEESH. 08
KBh, DNEEM. MEBEERARREENL BRI
Jio tbSh, BT BRI R E T AREIKRER 8PS (0.
0.1. 1. 10, 100pug-L?) 75d f&, 100 pg-L* BPS & & 4H
MR KMEEY TR, SWRAELERSE
FITFENX (P<0.05), FEIET4ARIEEPE(E (P<0.05),
ZFEIME IR FE L ZE TR (P<0.05), EIRLER
REA, BPS XM B EMEEMEBE R FBIFMR Y,
Dong & I BHZB & HNERBRE TIFERER BPS Al
BPF, FRIRE NI T, FREBSZZIREE
=2, Ll EHZTERIR R, BPA R E B MY AT =4
FEMEABTSM,

www.jeom.org



830 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8)

3.5 LIESY

X% B2 B 4RGN T BPA R ELACIEIYRENS @D
SURBUR B3R A O, tb5h, Cypher E 7 HAR
IEHBPARETEESEB R T L MEREME/N,
BEREFATTERGBOME RS, FRT BPA,
RAMAREUEHEREXMUMEBTERNOMES
MR, Pal E B AR ERNBAEE, 30d ESER
£ 5 BPS [30. 60. 120mg: (kg-d) *, LUAEI] 5, &
I BPS FI S H PR T ARAZLAMEE. 5S40
. MAE [ REFEIAYE ; BPS BT & ARF it
ReEMERLaRIERYI. ARBRIBERBEEN
PRI ERBEVE 1 5 LS, FR7A BPS & B2 40 B9 & £5.
BOENRERENEAHS. L ELERIRRBPS AIEE
MET AKRNMATIEE, BEIGHN T O MmE ZEmARRL,
3.6 MMSERS4

B B 53R T BPAF. BPAP. BPF. BPP #1BPSAY
M S EMEES S, HP—SEXMUYNEES S
A F 58 2 I F BPA, Audebert 25 %) £ 35 & I1 BPA F
BPF VAR S 4 SEEIAE(N, M BPF R3Y ARFE4RE ik
(HepG2) BEfESF M. F— AR, 0.1~10 umol-L?
BPAFI BPS & E& 24 h [&, HepG2 41 A 4 I BA E AY DNA
5115, T BPF. BPAF Al BPZ M 5k & T Itk 3% iz ', 5] B
BPA. BPF A1 BPAF I B B [E K 7 ASMNE M 2 % 40 i
(PBMCs) BOTEEER Y,

R ERTIR, RZHONE R AT S BPATEZEM
BB RN, BPA M EL M7= 4 SR AIAE XA
H AT BE R B — Lo XNER 25104 (BPAF. BPB #1 BPF)
RIME S sPAEMMEE B RIS, SEHENBPAR
RN AN IZ5 EEZHXF,

4 INESRE

TR, 5 BPANZBHEA, BPA K MARY
FERELK, NATRAREYT X, FEFENRF
W RK, IR BYHIYE IR L BPA EAY,
BSAREEEMRATENSSE, EItb AR 0EE
TR T T BPA KA, AT B A, XITF BPAKLY)
PABRIIBRBRHERBRZ RA TR, ABEXT TN
LN EERZERRE. REENBENRREXY
A+5ER, BLUTHEBERRESE, WX AREHXT
MBI X BRI HE . FItb, RS BPA KIMMITEA
BHEENRT WRAK 8. ENRKRLE. BYE)
MEE, TETH AR BPARMYINRNINERERIKTE,

RITEHSEXRE, THABRRBEBENREENK, B
BREBENE N

EBPAXMYIS MRS E, EARAEEHNHAR
REABPAX MM AB 2 MS . AP BT, &
L5 EESAESE. LNESH. ARSER
SMHMBENRENES, EEFNARZAGKRE
(pgl™mgL'2R) NS MSEMLR, FMEENKREST
EIZ K FEFENRPNEIRRE, o5 ERTH
BPAKIMMENIFIEENELRE, FEitt, SE8
REEFEZXIBPAXMYIKIIRFIZERERMEM
SRYEERENS NN, FHAREREMTEE
FRIFRIBRE IR . b, BPAKIMYBES SRS
ARG A +2E%2, FIRANEASIEFF
BT AemEMES F. BRKFEREERNIE, ik
FERFSMENRGHAF. BRAFEEARARNSUEN
IEMREHT REFNEN. Altt, SEEMNAFAE
S EAFMN BPA XIS EERNE], HXLELBPASE
I Z 2 TN IR E ZHNFIEFEE,

FERFME =455, BPA FSNYAY(E B M HER
SWEEM, ESHENMABRREH P ZIE
o B, 72T 52 (E F BPA KA HI, HTUEN ™A
FRIZAEFZY, LIERHE BPA RN HERY £ SR 15
MAKRETRESH AR, 53 8= £
FMHMR,

B2
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