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PRI SO PA: -

T R BUKHH K R N o I B o0 A AR
LA AU A

TR, T LR R GOkE EHL, AR
1 R T 74 ) oA R UK B AR AR POk =, BT 1022005
2.3 A P T 42 i O AR A AG 6 b B AL

WE: B8 TR i m B K T Ty e B AU A — AN 20 T4 (endocrine disrupting chemicals,
EDCs)[{3 AR, I AT HEBE XU PG . 3% 2023 4F 10 A , PR B R BE 32 Mk & 7K HEIT 3R AE, Bk
Ty BRI T KRR R KA 14y, 3 96 15 0 SR T IE A A B - B SO €3 8 B R vk
(SPE-UPLC-MS/MS)li5E EDCs ()5 ik, IR RS S (B A HOS RIS TE RS . S50 BT ity g Bt K
=P EDCs S4B B S R H (not detected , ND) ~ 234.00 ng/LL , - 3 FI17 JE By SRS H 2809 1009% , W5 A
SRR RN 36.46% N =F EDCs FIEE , ANRIKFESAL P 0 T3 B > E 3B > X Ao EL— EDCs “FHIEK
F KUK > KR K > HT 7K ARBETTIR K EDCs A7 7E , K H R B PS5 (A I e T3y . 5 [ P AME ST ST
S50 LA, SRR R B 7K R EDCs A T IRAE TS Gk T o (R USSP 45 A 7R L BRI L S0 £t e XU
HHR 1.07 x 107~ 9.34 x 107, 355 /NF 1, LB S TR . 2518 ST B B R /K 338 77 7F EDCs V5 5%, Wi
HOFHAR , ARG XS b T AT 252 7K

SEHEIR : NI TR s AR K 5 430 AR AIE 5 R XU
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Distribution characteristics and health risk assessment of endocrine

disruptors in drinking water in the Henan section of the Yellow River Basin
BIAN Zhan—qiang”, YU Jian, XIA Yun-ting, SU Yong—heng, WANG Xie, MA Qing—qing
"Rural Drinking Water Monitoring Office, National Center for Rural Water Supply Technical Guidance, Chinese Center for
Disease Control and Prevention, Beijing 102200,China

Abstract: Objective To investigate the distribution characteristics of three endocrine disruptors (EDCs)—nonylphenol (NP),
octyl phenol (OP), and bisphenol A (BPA)—in drinking water in the Henan section of the Yellow River Basin and to conduct
a health risk assessment. Methods In October 2023, water samples were collected from 32 urban and rural water plants in
the Henan section of the Yellow River Basin, with each plant providing one sample each of source water, treated water, and
tap water, totaling 96 samples. The concentrations of EDCs were determined using solid—phase extraction coupled with ultra—
high—performance liquid chromatography—tandem mass spectrometry (SPE-UPLC-MS/MS), and potential health risks were
assessed using the risk entropy method. Results All three EDCs were detected in the drinking water of the Henan section of
the Yellow River Basin, with overall concentrations ranging from Not Detected (ND) to 234.00 ng/L. The detection rates for
NP and OP were 100%, while BPA had a detection rate of 36.46%. Among the average values of the three EDCs, NP was
found to be greater than OP, which was greater than BPA across different water sample types. Specifically, the average
concentration of EDCs followed the order: source water > tap water > treated water. EDCs were commonly found in drinking
water across various cities, with NP exhibiting the highest average concentration. Compared to relevant domestic and
international studies, the level of EDC contamination in drinking water in this region was considered to be moderate to low.
The health risk assessment indicated that the non—carcinogenic health risk values for adults and children ranged from 1.07x
107 to 9.34x107, both of which were well below 1, with children’s risks being higher than those for adults. Conclusion EDC
contamination is prevalent in drinking water in the Henan section of the Yellow River Basin, with low concentration levels
and acceptable health risk levels for the population.
Keywords: Endocrine disruptors; Drinking water; Distribution characteristics; Health risk
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W43 T4 (endocrine disrupting chemicals,
EDCs) J2f8H T AL ™ | RIS TR 2 3R 5E
(), S ARSI N TE H KR SN L 2
Yy, EEDs B a5 KA E T K A TS TE
IR AR Tl 7K 55 i858 EL R HE G A BIK IR X6
IKAEAEZS RGN NSt A B 1™ 5 A S, G
45K, EDCs 7E E N Sh— S8R F K I A [ koK T rh
PP R i, B i —RAE ng/L ZKFE7, XU A
T JE B R S M 2 N AU TR rh SRR R,
IR N4tk i B AR etk . T3
F=FE I O DI & FE A SR AL B 9 ARE A A B
LWy B Uy A B FR AR IR — It
A2 B S5 KU OE S DA M, PRk, I e i
JK R =Rl EDCs 19 73 A3 REAE B At e AU DA Aff 53 L
AT B2 S

BRSPS R, AU AR
Tk 7K R, 2 Ak 22 388 T 2B 3 FH /K ) E KR
TR B 2 =110 S BH R SO R T S
FEEPFERH A ML IX, Ry ik Sedaf T SR AL 1 51 2 A /K %
U5o BEFE R0 & R A5 5 Y [l R H 5™ 5, R
SEXTIR FHAK PRV AE TS G SRS IZ I BT r B IR H
JKH EDCs BYT5 GLRAE FIEERRE XU , A58 R 45 1%L
ST R BEIR & K ORISR AR KRR K
R AR KR K op = Fh EDCs 19 & &, I 174
SN N AR i R () P RS, LAY A Tl a7 ek ] i B
EDCs (& BRIP4 (R = 2%

1 W&5H%

11 EARA eSO S RIS e
Waters 22 5, ACQUITY UPLC TM BEH); {743 (C18
FE,100 mm x 2.1 mm, 1.7 wm); [& A2 BUH: (Agilent
/3vH]L,HLB, 500 mg, 6 ml); =N TR AEY)
Ji(f&[E Dr.Ehrenstorfer GmbH 23 7)) ; FEE(SE[E Fisher
o) IR BUIR iR (] 25 48 A E Ak 2# il A
FRSHE], S bl

1.2 #&RE 2023 4 10 H e BUH ] sk v g B
W2 KA TRAE, =0T IS BH DRI AR T
TS 2 A LLRT SO KR KT, R SR 2 A4
I DL R K R K IR KT KM BT & g
BH Tl b DL SRR A K IR KT, SR T e 4
ANEIZ I T LA T 7K KPR RGK ), SRk 32
AIKT BSR4 R EE KK T KRR A 7K
& 10y, 31 96 £y, AKFEREE T 1 LI AR BN
H BRI 50 mg FUIRIMLAR 4 CF RGO,
FES YA TR HE

1.3 HEATAE e SoH  B500 ml KEE, 6

mol/L FHER AT pH % 3.0, MAWIYIFT/MIRE %
FH T RH A B B A HLB [ AH 28 BUR: #4726 5,
F e, R VR , 40 CASMEIE T, JH Iml
409% L 1 K (vIv) SRR 2 25 5 R BEH C18 it
FE(100 mm x 2.1 mm, 1.7 pm)%HAb& P EdT 205, B
Pt — KO R R B, R RO A R AR O
(UPLC-MS/MS)IEINZE , bR Pt 40 HT o 1530
Tk REERE, =M EDCs bruE &M R B =
0.995, F3 bt A& s i VA ZS F1 RE A T RN R ]
WO S A T AR ], =R EDCs #9746 BR
(LOQ)H 0.19 ~ 0.57 ng/L; P47 4% it I 2 45 5 10 AR T
FRUEZE (relative stardard deviation, RSD) < 10% ; fili iU~
DF 10%BIRE ST IAR DS 5, SF- 5 AR [l
K 97.0% ~ 120.1% ,RSD } 2.51% ~ 8.82%.
1.4 %5 RJH Excel 2016 JEA7T 808 530, %
FH SPSS 23.0 AT G811 o S AP A K B
PITiER il bRy 172 #7583 i T R MR IE
A, KA Kruskal-Wallis H f556, 567K a=
0.05,
1.5 RN ARG E S R KA =
Flt EDCs [ By AR 808 XU , R FH 26 EI G R 40 &
(EPA)HE#E W AE B0 VA KU A 0214 )L 3 F AR
N AZARNEE , RHIFFEIX = Fh EDCs (e e XU 67 7
. HEAXWT

HQ=CDI/R{D = ADI A1)

K, HQ HAEBUEXBSAE, X4 HO=1 BiA 2
XN ARR AR, M HQ<1 B FRoR KUK BN
CDI K s AR TR H B A [ mg/(kg-d) [;RD A H
PR AR BUE S % F [ mg/ (kg d) ] XU A B9 RID
fHR 0.05, N E EPA Z54 R 5 B RS (IRIS)
A )1 T By A E SE B 19 ADI B 4393 Sk 015,
0.015 , IR IFINE K G R 8 g rh AT i1

KPS B2 DR GR AR B 2 iR 1, il A 3K
(2)1 .

CDI= C x IR x EF x ED/(BW x AT) ~n2(2)

A C MIRAK T EDCs (MR (mg/1); TR AR
IKAEN 5t (/) EF b 2% 5 30 5% (d/a) s ED Ry 2% R HF 4L
AffE] (a); BW SRR (kg); AT J&FI4 22 #E 1} E] (d), EF,
ED I AT BUE 2 B8 SCkS EF BUE N 365 d/a, B
ED B30 a,AT B 10950 d ; JL# ED B 6 a, AT X 2
190 d., JAIRG4 ABE BW IR AP E AR REZES
M RABFILEEHEEE, W 1,

2 & R

21 EDCs £ RRBKHER P BEL  FIREMN
JKFE, pH {HAE 6.82 ~ 8.41 Z[f], /KIELLE 16.0 °C ~26.0
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CZIA) . =Ff EDCs TEA R K R AT (G H R Ak
J&E UL 2 BT AR e B R K R EDCs A #
T HE M R Bl SRS 20k 100%, WU A S A K
HHN 36.46% ; AU N ND ~ 234.00 ng/L. fE7K
VEK B REE G RN 100% , K R N 8.62 ~
234.00 ng/L; 5L 3R 100% , K vk BE R
0.54 ~ 59.20 ng/L; XU} A K H Rk 46.88% , K vk &
S ND ~191.20 ng/Lo ZEH ] 7K, TIEEM R H 500
100% , 6 e E  6.86 ~ 170.87 ng/L; 3¢ L F 6 ) %
9 100% , K HHe FE A 14.62 ~ 49.20 ng/L; AU A K H
RN 28.13, K kM ND ~ 7.52 ng/L. fEAR KK,
T-BE K % 100% , A H R R 7.74 ~ 210.00
ng/L; EFEWAS H RN 100% , Kk A 1.24 ~
45.20 ng/L; AW A K 35 34.38%, vk EE

ND ~ 26.40 ng/Lo M T-JE8 FI=E SE 0 1K H RO R
X EDCs 53 A7 7 2 1] i Sk ] m B T ik H
K, I =F EDCs “FIEF , ANFRIK SR
T3y > He iy > WU A, MEA— EDCs “EXEF,
TKIEK >AK A K >HT 7K, il Kruskal-Wallis H 6
55, = Fh EDCs 7E [RIKFER R h ik B, 22 R A 51t
27 Y (P<0.05), MR EDC 75N [R]/KRE 2 v e
i, R TG R L (P>0.05),

F 1 WA N EFITOK A U
Table 1 The BW and IR values of human in Henan Province

] Lixia bk
TiH

L N L3 LN
PoKBEAR (L) 0.854 1.535 0.784 1.220
IR (kg) 28.3 68.4 253 60.1

R 2 ANFEPKEEZEH A EDCs e E K

Table 2 The concentration levels of EDCs in different water sample types

. _ s o HH R (ng/LL)
[as] TR FEAH G K A L [n(%))] Fam YN, T e
-5 KK 32 32(100.00) 82.63 8.62 82.96 234.00
HK 32 32(100.00) 65.86 6.86 57.40 170.87
AR 32 32(100.00) 76.99 7.74 83.76 210.00
At 96 96(100.00) 75.16 6.86 79.52 234.00
AL IR 32 32(100.00) 18.27 0.54 11.57 59.20
HK 32 32(100.00) 14.62 1.60 8.56 49.20
ARAHK 32 32(100.00) 16.85 1.24 11.90 45.20
At 96 96(100.00) 16.56 0.54 11.27 59.20
Ry A TKIEIK 32 15(46.88) 8.15 ND ND 191.20
K 32 9(28.13) 1.07 ND ND 7.52
AR 32 11(34.38) 2.06 ND ND 26.40
it 96 35(36.46) 3.76 ND ND 191.20
2.2 EDCs £ RRBIMT P B BRI S T 3km i B TS5 B i s e =0 AR

BERFEE TR HK A EDCs BRI, 25 03
3o ANTRI T AR FH 7K Hh T 35 13 R = S i 4G ) R 34
100% , AUEY A K H 3N ND ~ 75.00% ; T-FL 6 H ik
&4 6.86 ~234.00 ng/L., FFEIKHHE N 0.54 ~
59.2 ng/L, WM A K iV ND ~ 191.20 ng/L, K i
VAR V- Y8 e e A2 1) T B, LR Ry Iy, WLy A

DEAEM , e RAEAEIERH o = SE vk B 3 e e 1
TEGEUR , AU KR R B, S5 KABE 55 U5 WU A
W B ST SA B e e s TR DT TR, KU B PR R, e K
(HAEGEUR L 5 Kruskal-Wallis H #5736 , =F EDCs 7£
AR K R, 25651 FE L (P<
0.05),

%3 R T EDCs B9 IE KT

Table 3 The concentration levels of EDCs in drinking water in different cities

N TN K V< (ng/L)
[ast] W FEAK G Kt B [n(%)] oy YN oy e
-5y =[]k 12 12(100.00) 116.08 84.38 117.57 144.53
I 12 12(100.00) 48.13 12.06 28.80 210.00
IR 12 12(100.00) 109.55 78.43 109.84 170.87
KIS 12 12(100.00) 95.06 76.93 96.85 112.60
AR 12 12(100.00) 32.56 6.86 13.49 87.20
E 7 12 12(100.00) 70.12 9.98 23.50 176.20
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(8:4)
G VR (ng/L)
a&Y gl FEA K& T A B [n(%) ] -
F-HME e/ ME 7 fE R E

PiE=] 12 12(100.00) 41.17 14.82 29.40 102.80
W 12 12(100.00) 88.60 19.76 82.50 234.00
Gt 96 96(100.00) 75.16 6.86 79.53 234.00

B2l =[]k 12 12(100.00) 10.72 7.63 11.20 12.06
1% 12 12(100.00) 6.46 0.54 445 24.00
iRl 12 12(100.00) 33.48 24.80 30.60 59.20
K 12 12(100.00) 29.32 15.08 23.80 49.20
$EAE 12 12(100.00) 7.19 372 5.70 18.02
Bz 12 12(100.00) 14.91 1.24 6.12 37.80
&t 12 12(100.00) 11.59 3.80 8.93 32.80
TBERH 12 12(100.00) 18.99 1.99 9.26 46.20
A1t 96 96(100.00) 16.58 0.54 11.23 59.2

WL A =[] 12 4(33.33) 1.58 ND ND 7.52
%I 12 3(25.00) 0.94 ND ND 5.09
IR 12 3(25.00) 18.00 ND ND 191.2
HM 12 ND ND ND ND ND
$EAE 12 3(25.00) 2.06 ND ND 8.60
E 2 12 5(41.67) 0.88 ND ND 244
PiE=) 12 8(66.67) 2.05 ND 2.10 5.66
ERH 12 9(75.00) 436 ND 1.81 26.40
Gt 96 35(36.46) 3.76 ND ND 191.20

2.3 L ENIKIKRF EDCs #9i5 KT £
4 XF T E P AR R H = F EDCs 1975 4 KB I o
MR VA 5 E KA L, A 5% T 5
(e B K5 1k T KR B A T[] — KPR 3R [ B
VL= AR Tt A 5 b, B PRAS VT s 320K, 8 T
VG AR K . FEIRGE AR K AnFk o8 —
T 7K S BV AR s S I (R MR B KPSk [
IR b 1 B VT = A YT 3 A U5 M R o R A VT

SR F KL TR — 7K 8 T SR U AR K ZE AR
2RI AN [ OB — M R 7K B B T i
IR U A e BE K P55 B PE AR K JE AR 4
SEARHIK AR E TR - H MoK - BRI =AM
TR R B VL K PR AL T [R]— K AR T
L 7K YR 0 3 ] PRV T i ok . Bz, 5 RN
SMKIEARLE , AR5 =F EDCs {5344k TALR 2
EEIKF.

x4 EHMNIMKT EDCs HIHREE 3 (ng/1)

Table 4 Comparison of EDCs concentration in water between domestic and abroad

SRAE S Sampling sites Ty L AL A
BRUL AT 7K I b 152 ~2270 ND ~ 121 1.19~ 177
Jo# — HH R K02 ND ~ 0.29 ND ~ 0.40 0.02 ~72.09
BT L Ik P b ND ~ 19.45 ND 26.00 ~ 64.32
K VL e gk 2 ND ~ 10 749.69 1.18 ~ 343.37 13.10 ~ 1 134.86
VK PR b 100 ~ 605 17 ~ 130 25~ 1430
TR PG AR FH K ND ND ~ 0.44 0.06 ~ 66.4
FEIR AR AR K 1.2~79 0.4~3.7 25~356

F ] AT R B IR 7K 6.86 ~ 234.00 0.54 ~59.2 ND ~ 191.20

2.4 MERRISTRRE N T RENS L LF I AL BT A A
R B EDCs B A RR KUK, L2 I8
FIURR AR 22X N RE ™ 2 B, R, JEHC T
AAHIK A =F EDCs e RKAEAR AT A (4 R KU o
H1%% 5 AL, =Fh EDCs XF T A ML E AR S0 A

Bl HQ AT 1.07 x 107~ 9.34 x 107 Z [8] , ¥t/ T
1, RUITERTR XN IR HIZK o =Fh EDCs B3\ £
R RS b FHAR K- JLEE Bt HQ i T 51k,
WANBHYE HQ (i T &otk, AIE EDCs XF ARFRY
HQ (B A 2E 31 > T30 > X A, WEEIRE, JLE
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e % B AR B0 XU = TN

F5  EAIE H BAHK B EDCs (3R Zi0 KU
Table 5 The non—carcinogenic risk of EDCs in drinking water in

Henan section of Yellow River

" .- T- 5L I B A
HQ fH HO A HO i
JLE 3B 422%10°  9.09%x10° 1.59x 107
& 434%10°  934x10°  1.64x10°
A Lz 3.14x10°  676x10°  1.18x 107
L 284x10°  6.12x10°  1.07x10°
3 it i

BT 0 P B K EDCs S R T2
7y A L iy ARG H RN 1009% , WU A SUAKS R
H 36.46% ; T-H: 1 SARH FE S 6.86 ~ 234.00 ng/L,
FET AR E N 0.54 ~ 59.20 ng/L, A A BARHk
4 ND ~ 191.20 ng/L; IR ARy Adfe KAE A 8 i (A=
TE K BAEFRUED (GB 5749-2022)H 52 FRAE 0.01
mg/L IZER s T e A AR A TR ol A T ik
FH/K TAEFRUE (DB4403/T 60-2020) HHLEBR{E 0.03
mg/L F13E E EPA #EFARK T T3 M PR 6.6 ne/L 1
Bk, KKK = EDCs SFE S T K, 3%
AT RESE IR K TR Fi 2 At R | T fik P 1 SR LK A5 76
IR o A b 2 A A R R T L T A2

AN T AR 7K R T B R = i B G R
100% , XL A K6 H R ND ~ 75.00% ; K H e B -1
{BLS5 fm  TJE R Ol ~E BE0y , AU A e fik. T
ST fe AR A PR AR AR B E Rk JEK , B 7E
A TGS O G o S FE B RS A S5 KA A5
Fe— KKK ZK T TE A 258 Toll el X A
DRGSR YE X, 3 AT R e Tl R K Bl 3 15 7K 224k
F 5 HERCER KRBT Hh s e

5[ N AMIFFEAR He A , B8 TRT A 3 T e BBk v A
K =Fl EDCs &b iR IR A5 TS YL, £t XU PEAG
5 BIR AR LEE S oK &7 5 R RS0 K
I P AR I T LA L 1, 3 Ty i ] g BB A FH 7K
H = Ff EDCs (5288 /K1 H AL T Al 3235 . (3
KRR R, T RESTE AR B &R,
XoF AR i s 7 3, T 5 R Oe T

AWFFAFAE—E R BRPE. 2—, WA A
BT IR, FORSE—UOKEE, k= i 22
W25 AL, AT BETCIA SE 4 R EDCs R B i FLSE AR 4L
R R, BRI 24, RS R
75 JEL T P A R B R R R A T RE A il
f B IAUBG PR 2285 S LA AN e e . 268 = AR i
T = EDCs, H 518 T 50 EDCs (gt e XU | i

R EDCs 2 [6] (KA 11 LB AR Y B 2R
RO, FEAEARAG A XU B T RE o 56 =, ARSI
YORIERIHT T EDCs R AMRBI R E , ARG
A A TR A MR KRS, , N2 Je ik 22 2 ik At 2 B )
FEABARSE, nl REMRAL T R .

FISMRAER AT F) 5 15
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