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W E: BE T BRI B IS W TR A5 Gk, TEAG I R 2 i T R £
RN 73k A 20242025 45 K= SR B2 9 4000 TR 0 I A, 454 2024 4 i
Ja B b S B, SRR A A VAR R K™ i T 2 N A TR A TRE R R ITAL . AR R
T 340 K= AR R S RIS PN o000 T IR (0 AR K 5 98.2%. Hirfr, /K7 ff v T SR AOAG: H 2R
H T7.4%, SHEIIEN 20.20 pgke, RN 380.19 pg/ke; K=ol A BIKGH N 3.5%, SRESME N
229 pg/kg, ARAAN 190.31 pg/kg; 7= PG 3L EY BOAS HU RN 95.9%, S EEYIEN 14.14 pg/ke, feR{EN
345.02 pg/kgo K7 IE TR M RE SE SR M B AR AG H  He BEOK T SRR A0T, TRK 8 vh TSR 1 R (E
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Pollution levels and dietary exposure risk assessment of phenolic endocrine
disruptors in commercially available aquatic products in Shanghai from
2024 to 2025

YU Sheng-Hao', WU Xiang-Dong’, PENG Shao-Jie'"

(1. Information Application Research Center of Shanghai Municipal Administration for Market Regulation, Shanghai
200030, China; 2. School of Health Science and Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

ABSTRACT: Objective

Shanghai and evaluate the dietary exposure risk of phenolic endocrine disruptors among Shanghai residents. Methods

To understand the pollution status of phenolic endocrine disruptors in aquatic products in

Based on the monitoring data of phenolic endocrine disruptors in aquatic products sold in Shanghai from 2024 to
2025, combined with the aquatic product consumption data of Shanghai residents in 2024, a simple distribution
assessment method was used to evaluate the dietary exposure of phenolic endocrine disruptors in aquatic products.
Results The overall detection rate of 5 kinds of phenolic endocrine disruptors in 340 aquatic product samples sold
in Shanghai was 98.2%. Among them, the detection rate of nonylphenol in aquatic products was 77.4%, the average
content was 20.20 pg/kg, and the maximum value was 380.19 pg/kg. The detection rate of bisphenol A in aquatic
products was 3.5%, with an average content of 2.29 pg/kg and a maximum value of 190.31 pg/kg. The detection rate
of 4-tert-octylphenol in aquatic products was 95.9%, with an average content of 14.14 pg/kg and a maximum value of
345.02 pg/kg. Both 4-n-nonylphenol and 4-n-octylphenol were not detected in aquatic products. According to the
analysis of aquatic product types, the average content of nonylphenol in freshwater crabs (39.13 pg/kg) was the highest,
followed by marine crabs (34.44 pg/kg). The average content of bisphenol A in freshwater fish (4.69 pg/kg) was the
highest, followed by shellfish (3.10 pg/kg). The average content of 4-tert-octylphenol in marine crabs (22.76 pg/kg) was
the highest, followed by freshwater shrimps (16.88 pg/kg). The mean daily exposure and Pys exposure of nonylphenol
through aquatic products for Shanghai residents aged =3 years old were 3.25x107 pg/kg bw and 9.15x107 pg/kg
bw, respectively, both of which were much lower than the tolerable daily intake (TDI) of 5 ng/kg bw. The mean daily
exposure and Pys exposure of bisphenol A through aquatic products for Shanghai residents were 4.11x107 pg/kg bw
and 1.45x107 pg/kg bw, respectively, which were much less than the temporary ADI (4 pg/kg bw). The mean daily
exposure and Pys exposure of 4-tert-octylphenol through aquatic products for Shanghai residents were 2.52x107 ug/kg bw
and 7.01x107 pg/kg bw, respectively. Conclusion The health risks for Shanghai residents from ingesting
nonylphenol and bisphenol A solely through aquatic product consumption are relatively low.

KEY WORDS: aquatic products; phenolic endocrine disruptors; simple distribution assessment method; exposure

risk assessment
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W3 26 N 43 0 TR S — K B A W R BE 45 40 1 S U5
b2y, Al THEHLARE B A B0 G B BRI
¥eig | fUAE, SECEWIIRN I RE K AU, BT
AN R I U SN A I T AL T
(nonylphenol, NP), 1EF- 483 (4-n-nonylphenol, 4-n-NP), L
Wi A (bisphenol A, BPA). ¢ (4-tert-octylphenol, OP).
1F- 5L/} (4-n-octylphenol, 4-n-OP)5%, NP 2T IR AL
Ik B A g =, TRt R A UOREC) . NP 2
TRETEMER . BREA . S, 800 . 2 F%E

PRI BPA R E B AL LKL, A R B R ER
B . FRAECREBR SRR AT i B bRk (g sl A
W2, KGR, OP &hGaifb iy ok Fn b a4, F=22MH
FERFREB RE LIGE, |2 AT REsmg . s
ML bR . TR SRR SR AE PR AT S A
Ty TG YIRS . ARSI ANLE, Xt
DAt FEAG BT AE U1 NP BPA HI OP 2 HAT 43
WEEME . AgEEENE . REEME. RN, a2
PERPESET) BPA R AT REFAT B el O X T aE AR,
TR N5 EZ NP, BPA il OP (1 8kl 719,
BMEREA . B2, MY, 2eh)LE T Ak
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FH1TE

25207240 KBS - T e fE e R [RIRRE 9 NP BPA
1 OP 15 % A M43 IE T 278 #E1 T 10 24E i (0
FEAZE . KR K B AL AL R IRK
AR K | ES B BPA B R Hy 64.7%, Hirpk
72 BPA S & IE R 0.63 pg/kg; MR ILER, AR
IR FURRIVE AL HE BPA 194 H - & Big i Rlh
0.02637~0.05966 pg/kg bw. WIFELTAEPHRE T 2008 4E4
JE BB G B A NP I OP i 278 243510 0.1162 pg/kg bw
F10.0393 pg/kg bw,

FE GB 9685—2016 { % EFIRE & FiHfl
ARk i ot PR ) A P v ) R T £ e Mk A e
il AT DA = (T ) WS AR G . T SR R L M Tk i
PR AR DL B R AR 20 T 3L M B BRI, JFALE NP (4FE T
B AR, A R L IR AR 2 H BPA R i
R 0.6 mg/kg, H BPA NG FA =240 L& HEM
FEAAORL R A . TR GB 5749—2022 AR TH T K AR
TE VPR A T AR 7K 1 BPA 9225 i 0.01 mg/L.2005
4, EEIFIE R E (Environmental Protection Agency, EPA)
HilE T NP BIRAKFBIKOK BARTE, IRAYFIR 2 E RS
PRI JTARE S5 28 ug/L F1 6.6 pg/L, JBUK YR 2
MK BARUEST 3R 7 ng/L F1 1.7 pg/LB H i3 [ i
Z A ANK )Y NP, BPA 1 OP By FREHFRE, FoE 2
KSR AT K, ARG TR, 7K™ a2 TR
Wb, Wt MR, B ST 2023 4E, R
[ K b S P R 3 7116.17 T3 (81 3R JLAE, A FR
B IR i R B SN 0 U8 T 175 G A R RS A 9
AAXTEE A, FETF I, ARPFF X 2024—2025 4F T K
77 il RS N A I B TS YR B A T AT, R R
PR TEAR PR L R R K™ A B 2N 40 i T3
I B TR AR R, Ry /K 7 i R B 2 P9 40 T SR i B 2
WEAE AR AR i SR R 5%

1 MR5ERE

1.1 #H&mXKiE

2024—2025 A=A AE WL I bV T T R K T R RE S
340 4, Hrr, 2024 AL 100 £, 2025 4 4—6 il
FEWEN 240 . = BOK™ 828515y, WFE 75 FRRKf(E
10 hffa . 10 R4, 10 Rt ., 10 A6, 10 -5
fa, SRR S R . S (R . S Rk S RUREK),
50 R KB (E 10 8, 10 s, 10 4t 51
g, 5 RSt . 5 RRK T S A BEf), 40 PRRKER
(7 10 7HZ ERIBEF . 10 f9TER | 10 /N JBER L 5 44 K EF
5 PRRZK R 3 FIXTER), 35 fFKER(E 15 144/ 56 FOMET
10 A IRUR S5 ARUREG 5 A JRIF), 30 AR KB ORI, 30
PRI (S 15 I8 . 10 M58 | 4 MR, 1 4
AR HE), 50 FDLZE(E 10 RIAMR L 10 FRIRF . 10 ffffa

10 R4l . 5 (4 R ARG . 5 #4453 DDA 30 Aok~
En(E 10 PR L 10 PR fa S PRER A S PRERfa) . AR
FEALRAE T T 7 A X, SRR RICX (127 ). BT
(14 F) WARFIX G R KT X0 1) ML (19 1),
FEDX (17 ) FIERE X (12 1F) . RFEEG T sER T . FUE
K. R TTGFIA 5 S
1.2 M7k

A 5E Z FE v B 2 B 8 3R 5 (e FREAIE 52 T 6 K
PR SR TRIN . e B R I B R R R R A
AN TEAG IR T EE BIS 201913 (& M SE B4 5 FhER S
JEAAE ) XA P B N A TR E AT 36, NP (CAS
31 25154-52-3) . 4-n-NP (CAS 5: 104-40-5), BPA (CAS =
80-05-7) .OP (CAS 5: 140-66-9) .4-n-OP (CAS 5: 1806-26-4)
R HH R S B3 J35 0 1.0 ng/kg 1 2.0 pg/kg.

9T B ARAS DB B R M, X R T ik
R . 7E . MSEERTER, R AhiG . Bt
SRt AR 8 FUK I A HIAS N 2., 10, 48 pg/ke
) NP, 4-n-NP, BPA, OP Fl 4-n-OP FrifEii, HAKE
HE 6K, BTN BTN 77.1%~111.1%,
HH X #5 UE J 22 (relative  standard deviation, RSD)3E [l 4
1.4%~14.5%, FEHHIZ 71 AT R AT 00 Wi B ARG 2% B .
1.3 KEREBERE

2024 AN ZAT WS H P RS R R T
FIE R RAK P R E , ARIEEER T LAY
16 MIX, RAGYFRELITE TR R 24 h K™ i
WP, A 3~93 B ER 526 A, T PEALo ki A
NEO RN 254 NF0 272 N HRIRAEIR B4y, 46 3~17
BIRER 113 A, 18~59 B JHE 295 AH1 60 & K LA &R
118 Ao

14 ZBITHFE

)R e A A 45 2K K 72 i 11 % A 5 i
i, SEK7 B BN W TR ) SR E, R
PR TEAS 5 A i R K SRR A B SE N 4
TR & R E R, BERNH AR IR O)FREY,

o _CixF
E= Ewmooo N

Krp: B NFEAMESE H 2K MR AT N 0T 3t
PR E & AR EE 5, pg/kg bw; C AR I R 2 A 43
WTARI TR0 5, ng/kg; Fi RN H S 1 RRK)™
W, g/d; WA MER PR, kg, n 7K = SRl 2 i 80,
AR A F AL HE 8 Bl

2000 4, PHEFRSRPREHE T NP 4 H 248 A
& (tolerable daily intake, TDI)H 5 pug/kg bwl**! AHFFE %
% TDI{HAE R NP [{REHE SMH. 2015 47, BRNERE 4
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JEj(European Food Safety Authority, EFSA)il %2 T BPA fi¥llfi
i} TDI 24 4 pug/kg bw™, 2023 4, EFSA 3T BPA X R 40
(PEAEAT 5 B FTHIE T BPA 1% TDI 2 0.2 ng/kg bwP7,
2025 4, K EBFFE I AR FIESE AR 546 2 T BPA (I
TDI H 4 pg/kg bw'™), A58 % Fi% TDI {H1E A BPA fyfg
. HRkEe= OP MyfdHds 1.
1.5 HIEAIE

MR A A A T2 A A 200 £ 35 Y 19 SR A i {H (not
detected, ND)LbHJFIIXIFE Sy H ND {HEf 54 R0, HLpAk
AFRTT R KRR S R NP T OP BAS: HE R KT 40%,
PRI ND {5 UK HEBR G — 2P0 1R B S h BPA (4G 2%
/NTF 40%, [FlIk BPA (%) ND {H LA H BREAR . 2 WPS
Office (12.1.0.21915)F1 SPSS 28.0 Tk {2 %A% itk I B Hh ik
ATEEPEANGE . R Origin Pro 2023 FA41ERE . KA
RHKK()E Fisher BAYIMERL FLEHRE S B 431
TR R 25, KA Kruskal-Wallis H 56 LA
[l RN 2R RE S R 2 NI T B i 22 5. 4 P<0.05
B, RAEFAGEIFE L,

2 HER5SH

2.1 KERPEBMERSDTFIRDATRIER
2.1.1 B4R
FHEE 1 AIAI 2024—2025 4F 30 Waim by 17 s B K 7= i
FEGL 340 14, FEALT 5 FIERZS PN 400 T4 ) RS 1Y 232
4 98.2% (334/340) A7 255 {44 S R ETAE T NP A1 OP,
e 75.0%, Firb, sk NP R 3R 77.4%, S
fE4 20.20 pg/ke, AN 380.19 ug/kg; K= 4hH BPA
WA Ry 3.5%, STERMMEN 2.29 pgkg, mKMEN
190.31 pg/kg; /KF=khH OP BIKEH N 95.9%, FEI(E
9 14.14 pg/kg, FRAE A 345.02 pg/kg, Ki=ahH 4-n-NP
F1 4-n-OP ¥JRAH . 48 Spearman AHICPESM T, 7K™ 4
NP Fl OP {775 .35 [ IEAH 2% (r=0.472, P<0.001).
212 RREAEKEZPHEASLTFRLGFTLEHER
M2 2 01, 22 2 KB dT, AEFIZK 5 NP
HIKS: HR 22 T G2 7 X (/=27.394, P<0.05). Hi, %

JKIRH NP AHS H 2R.(95.0%) B i, FLIR Ik K £4(90.7%),
AR R HA K ™ 5 (56.7%) o BR E, AREFZEK P f o NP
o 2% B 35 (H=21.095, P<0.05), i, WK dh NP
B A M (39.13 pe/kg)hem, H KIS (34.44 ng/kg),
TR A HAN A 00 (5.84 ng/kg). 4 2RI Hr, ARFZE
K= BPA B H R 22 R LG 38 L (=10.274,
P>0.05), HHr, Mok, DI, oK MR K8 5 BPA (Y
KRB 8.0%. 6.0%. 4.0%F1 3.3%, IRAKIF., K
HR L WROKEE . HiAK ™ 5 ep BPA ¥R H Y, MK farh BPA
& I (E(4.69 pg/kg)fierm, HUCHIIZE(3.10 pg/kg), fi
AR RIRAKHR L AR | YRR H AR K 7= g, (B RFPSEK
FEahHP BPA B 22 AN I3 (H=10.334, P>0.05) . £ Fisher
IR T, 8 FUKF=fMH OP Mk R EFH G
HL(P<0.05) P, IRk JRAKERH OP A9 H 2R (100.0%)
e, HUCHEKER97.1%), Tl A KEE(86.7%) . b4 I,
AR S OP [ i 25 7 i 35 (H=15.256, P<0.05),
Horpr, WK OP 1 2 1H41H(22.76 pg/kg)fxim, HMIR
IKUF(16.88 pgikg), ALl HALK = 5 (7.03 ng/ke)o
22 KFEREERE

f 3 WA, BT 526 44 =3 F I RAeHRKMA
WK IRAKIR  VRKIR | IRKEE | MK . DA A
AT BT B EIE R 26.9. 19.2, 23.5, 6.1, 1.2,
2.4, 8.5 F018.8 g/d.

23 KERPEBERS DTN EFEE T

M 4 mIAL BT =3 2 RA H LK™= MiEA NP
(- RGN Pos ERHEHIH 3.25%1072 pg/kg bw Fl
9.15x10* pg/kg bw, i NP #) TDI (5 pg/kg bw)HfESMH
0.65%7FM 1.83%, fREEAFAAL. FRFER BT T4, 3 A
(A2 B A HBE K™ SR NP (AP H 2 i i
2.83x1072~4.77x107% pg/kg bw, Pos FEGHT6HEN
7.60x102~1.71x107" pg/kg bw, Bt/ TDI, XIS
. EigT=3 ¥ EREHZK™ M BPA HEH R
1 Pos ZEER MK 4.11x107 pg/kg bw F11.45%1072 pg/kg bw,
& BPA [{IlfiEF TDI (4 pg/kg bw)i ELAES 510 0.10%F1
0.36%, fFEXURALAR. He AR BLETT 00T, 3 AR

1 20242025 F L HEKZRPE A ST YIRENLE R

Table 1 Detection results of phenolic endocrine disruptors in aquatic products sold in Shanghai from 2024 to 2025

o ) T/ (ug/kg)
WHAR  BESORE REBURE R — - _

A bR 2 LREE 4 Pos P75 RRME
NP 340 263 77.4 20.20 39.97 6.02 91.67 140.17 380.19

4-n-NP 340 0 0.0 — — — — — ND
BPA 340 12 3.5 2.29 11.79 1.00 1.00 12.09 190.31
OoP 340 326 95.9 14.14 26.52 8.52 33.91 38.78 345.02

4-n-OP 340 0 0.0 — — — — — ND

TE: — AR e
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Table 2 Detection results of phenolic phenolic endocrine disruptors in different aquatic products
o s . N Eit/(ng/kg)
i H 2% KT 285 SR o H B 2% /% — — -
:Fﬂjﬁ *ﬂ‘/ﬁ% ':Pfﬁﬁ Pos Eijtﬁ
RIK 75 68 90.7 22.48 48.89 7.69 104.25 380.19
K fa 50 38 76.0 17.77 26.06 6.18 80.40 107.71
RAKHR 40 38 95.0 16.10 2537 7.52 72.11 145.40
KR 35 25 71.4 11.95 17.41 4.79 56.36 80.86
NP ~
R 30 23 76.7 39.13 57.52 6.36 187.88 194.06
K 30 21 70.0 34.44 65.91 4.85 23236 24555
1S 50 33 66.0 16.96 30.03 420 80.73 163.73
HAth K 7= i 30 17 56.7 5.84 9.66 3.00 37.97 44.56
RIK 75 6 8.0 4.69 2222 1.00 16.30 190.31
K 50 2 4.0 1.13 0.62 1.00 2.32 432
IRIK IR 40 0 0.0 1.00 0.00 1.00 1.00 1.00
KR 35 0 0.0 1.00 0.00 1.00 1.00 1.00
BPA -
IRIK I 30 0 0.0 1.00 0.00 1.00 1.00 1.00
K 30 1 3.3 2.71 9.35 1.00 24.04 52.19
1B 50 3 6.0 3.10 12.20 1.00 10.81 86.55
HAth K 7= b 30 0 0.0 1.00 0.00 1.00 1.00 1.00
RIK 75 75 100.0 15.46 40.09 7.38 29.84 345.02
K fa 50 46 92.0 10.45 7.63 7.63 25.57 28.13
IRIKUF 40 40 100.0 16.88 19.61 8.39 76.87 91.84
IR IR 35 34 97.1 12.82 9.27 9.58 31.95 33.86
oP -
IRIKIE 30 29 96.7 15.03 10.36 12.29 39.14 42.13
K 30 26 86.7 22.76 54.34 7.79 157.61 304.14
1S 50 47 94.0 13.15 9.54 10.27 32.40 36.45
Hofth K 7™ i 30 29 96.7 7.03 4.29 5.86 17.48 17.75
#*3 LETRREESRKERMEERE=Z@)
Table 3 Daily aquatic products consumption of Shanghai residents (g/d)
. 3~17 % 18~59 % =60 % Hit(=3 %)
K= 2 — — — -
FIE PR FIE P2 FIE i FHIE PR
RIK 26.4 53.8 29.6 58.5 20.7 47.2 26.9 552
K fa 16.1 37.7 17.0 442 27.8 57.9 19.2 46.6
IRIK IR 18.7 30.2 24.6 429 25.6 38.8 23.5 39.6
g /K IR 4.9 13.6 7.4 21.5 3.8 15.0 6.1 18.7
RIK I 0.8 45 1.1 6.6 1.7 7.6 1.2 6.5
K 1.8 11.3 2.1 11.3 3.5 14.5 2.4 12.1
ik 4.6 12.7 10.9 34.0 6.1 17.4 8.5 27.5
HAth K 7= b 5.2 22.8 9.2 34.9 11.1 34.0 8.8 32.4

WA e RRE H B K™ $hiEA BPA FOSFH R R RN
3.20x107°~5.99x10° pg/kg bw, Pos # 5% 76 Bl N
1.12x1072~2.18x107 pg/kg bw, Y/ NTIGET TDL, fHusE XU
Bk, BT =3 % R R H 4ok ShiRA OP T34 245 1
1 Pos RZ F A3 1M 2.52x107 pg/kg bw F17.01x1072 pg/kg bw.
F MRS B HEA T 00T, 3 SRV 2 BB H R K™ b
HEA OP B B FE RV E N 2.19%x102~3.63x10 2 pg/kg bw,
Pos S5 BB 5.88%1072~1.26x107" pg/kg bw.

FI3% S FIEL 1 ATAL 78 8 FKy™=fhrh, T =3 BRI
B HE KA NP (- 588 5 (1.12x107 pg/kg bw)
i, AR TR (34.38%) ek, HUCAIR/K£(22.03%)Fik
JKIF(21.90%). /K £ BPA HPFHI R (2.33%107 pg/kg bw)
e, DIBkH(56.83%) ik, HUOh 25 (11.26%) . /K f
(11.10%) FIIR K HF (10.78%) o IRIK . OP (134 2 B8 it
(7.69x107° pg/kg bw)fitf, i it itk R (30.52%) ok, H
YRR IKIF(29.64%) R K £.(16.72%)
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#4 LETFARFHEAEREHBIK=RBABERNSDTFIRONECRES

Table 4 Daily dietary exposure of phenolic endocrine disruptors through aquatic products among residents of different age groups in

Shanghai
TR/ (ug/kg bw) R TDI B HE/ %
T H 2% AR S 4R% [EEIN i
P E{E EREIVEAE Pos RKE FEIME P Py IKME

3~17 113 4.77x107%  3.41x107  1.71x10"  3.33x10" 0.95 0.68 343  6.66
18~59 295 2.83x107%  2.14x102  8.32x10°  1.86x10" 0.57 043 166  3.72
NP =60 118 2.86x107%  2.55x102  7.60x10°%  1.15x10°" 0.57 051 152 230
HiH(=3) 526 3.25x107  2.47x10%  9.15x10%  3.33x10" 0.65 049 183  6.66
3~17 113 5.99x107°  3.20x10°  2.18x107%  5.64x107° 0.15 0.08 054 141
BPA 18~59 295 3.75x10°  1.76x10°  1.39x10°  3.15x10° 0.09 0.04 035 0.79
=60 118 3.20x10°  1.85x10°  1.12x10%  1.92x107 0.08 0.05 028 048
Hi(=3) 526 4.11x10°  1.86x10°  1.45x10°  5.64x10° 0.10 0.05 036 1.41
3~17 113 3.63x107  2.65x107%  1.26x10"  2.20x10" — — — —
op 18~59 295 223x107%  1.83x107  6.95x107  1.23x10" — — — —
=60 118 2.19x107%  1.92x102  5.88x10°  8.84x10° — — — —
Hit(=3) 526 2.52x107%  2.03x102  7.01x10°%  2.20x10°" — — — —

T —FR IR . TR
®5 LiEWm=3 SEREBITFEREK~RDE LRI TFHYEESRE S (ug/ke bw)

Table 5 Dietary exposure levels of phenolic endocrine disruptors in different types of aquatic products among residents aged
3 and above in Shanghai (pg/kg bw)

. NP 285 &t BPA % & OP g it
AR5 2 — -
FHE Pos FEIE Pos FHE Pos
RK £ 1.12x107? 6.16x1072 2.33x107° 1.28x1072 7.69x107 4.23x1072
oK 7.17%x107 4.43x107 4.56x107 1.28x107 4.22x107° 2.61x1072
IRIK IR 7.13x107 3.33x1072 4.43x10™ 2.07x107 7.47x107 3.49x107
KR 1.35x10°° 1.02x1072 1.13x107* 8.57x107* 1.45x10°° 1.10x1072
RIK I 7.63x107* 0.00 1.95x107° 0.00 2.93x107* 0.00
K 1.45x10°° 0.00 1.14x10°* 0.00 9.59x107* 0.00
JIES 2.53x107 1.89x107? 4.62x10™* 3.45x107° 1.96x10°* 1.46x107>
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