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Abstract : Objective To analyze the exposure levels and health risks of nine pollutants in urban and rural drinking water of
Liaoning Province, and to provide a reference for ensuring drinking water safety. Methods  Water samples from 28 large —
scale water supply units were monitored in 2024. The indicators included bisphenol A ( BPA ), nitrosodimethylamine
(NDMA), di(2 - ethylhexyl) adipate (DEHA) , diethyl phthalate (DEP) , dibutyl phthalate (DBP) , perfluorooctanoic acid
(PFOA) , perfluorooctanesulfonic acid (PFOS) , vanadium (V) , and chlorinated paraffins (CPs). The results were evaluated
according to the standards for drinking water quality (GB 5749 —2022), except for CPs. The comparison of concentration
differences between the two groups was performed using the Mann — Whitney U test, while the Kruskal — Wallis rank — sum test
was employed for comparisons among multiple groups. The y* test was used for the comparison of rates. Using the health risk
assessment methods of the U.S. Environmental Protection Agency and the technical guide for environmental health risk
assessment of chemical exposure (WS/T 777 —2021) , the health risks to people through oral of drinking water were assessed.
Results A total of 112 water samples were collected and tested. The detection rates of the indicators, in descending order,
were PFOA (36.61% ) > NDMA (25.89% ) > PFOS (16.07% ) > DBP (15.18% ) > BPA (4.46% ) >CPs (2.67% ).
DEHA, DEP, and V were not detected. Except for CPs, the compliance rate for DBP was 99. 96% , while all other indicators
reached 100% . BPA and NDMA concentrations in wet season were higher than that in dry season, and the detection rate of

NDMA was also higher in the wet season compared to the dry season; the NDMA concentration in the finished water was higher
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than that in the tap water, and all these differences were statistically significant (P <0.05). In surface water sources for

drinking water, the concentrations of NDMA and DBP were higher than those in groundwater (P <0.05) ; the detection rates of
DBP and PFOA in surface water were higher than those in groundwater (P <0.05). The hazard quotient (HQ) for PFOA is

greater than 1, indicating a high non — carcinogenic risk; the carcinogenic risk values (CR) of NDMA, PFOA of male and

female, and PFOS are all between 1.0 x 10 °to 1.0 x 10 ™*, indicating a certain risk. Conclusion

In Liaoning Province,

there is exposure to BPA, NDMA, DBP, PFOA, PFOS and CPs in drinking water samples. NDMA, PFOA and PFOS carry a

certain level of potential carcinogenic risks, but all are within the acceptable range. PFOA presents a certain non — carcinogenic

risk and requires attention.
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Table 1 Slope factors, reference doses of chemicals

J5h7 E8EmSH R & R ALERE T
(RfD,mg/ (kg - d)) (SF,kg - d /mg)

BPA 5x1072 -

NDMA - 51.0

DEHA 6x107! -

DEP 8 x10 ! -

DBP 1x107! -

PFOA 3x1078 29.3

PFOS 1x1077 39.5

HE s I, T I
L3.1 B Il PORS AR BRI R A
X (D)5

ADDoral = C x IR x EF x ED/(BW x AT) (1)

3 : ADDoral 28 FTERA H 2 5257 i, mg/ (kg
= d) s CONPOK P B, mg / L IR Oy H AR,
L/d; EF R EE MR, d/a; ED g 255 J ], a; BW
A NI kg AT P Xt 1], d.o

1.3.2 JUERMAE  AEE0R K HQ FIEUE KK CR
o3 nliE s A (2) A (3)
HQ = ADDoral/RfD (2)
CR = ADDoral x SF (3)

A HQ HEER, L= ; ADDoral 22 1
A HYJREER mg/ (kg - d) ; RID AEBUEY) 7% 7|
H,mg/ (kg + d) ; CR U R, TG & 20 ; SF R B0
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Table 2 Health risk assessment parameters

ot HE A& R ZF AW (ED,a) K S Bl ] (AT, d)
(IR,L/d) (EF,d/a) AR RN OB (BW, ke) AR RO OB
B 2.475 365 74.12 70 66. 1 27 053. 8 25 550
ok 2.124 365 78. 86 70 57.8 28 783.9 25 550
L4 Zitobr R R433BAEGES . KA 112 30 & 2R il 2K 7 2 PROA

T I7 e AR R BR A 45 2R, DL AR H ok B2 7Y 1/2
PR o BARPIMGINEE RAFT & I, 2 %L
(FEFD) #EATS ik . PIZH ) B HE AR ) Mann —
Whitney U Ko usr, 22 #H ) b 38 % FH Kruskal — Wallis #%
RIS 5 00 LR FH xR, K56 K HE o =0. 05,

2 5% R

2.1 BOREAEREIL BRI A IK HA 28
Ao KRS R T BLHE K 92.86% (13/14) Sy i 3%
KKK B 71.43% (10/14) il B K. 2E47
WAL B (CE IR BE ULTE L IR ) IR 64.29%
(18/28) BT A Z AR AR A . L& 3,

(36.61% ) > NDMA (25.89% ) > PFOS (16.07% ) >
DBP (15.18% ) > BPA (4.46% ) > CPs (2.67%) .
DEHA \DEP fl V A, Bk CPs 4b, DBP ik 5%
99.96% , HBEA8HRII N 100% . WK 4,

2.3 REIRE R IR Fe KA EA T FE R EKF
FIEOK T IR S KB KRB A3 J2 A B R o, F
/K31 BPA I NDMA ¥ & = F i 7K 38, Hi T~ 7K NDMA
WS TARMK, I LZRWAEGIT¥E L (P <
0.05), B CPs &), Hog 4845 F K WA 2818 85 T4k
JKH]; NDMA K 38 22 A Giit 24 8 X (P <0.05)
WS,

x4 LTAHARAK DTG LY 45
3 I TFHREBELKALIIEARE () Table 4  Detection results of pollutants in drinking water of
Table 3  Basic information of water supply units of Liaoning Liaoning Province
Province(n) . o N REDA: SRS
— ik LN ) (mg/L) (%)
gﬂ””* ity A it BPA 112 ND-7.0x107% 2.5x10°®  4.46
SIE > JF
KRR ok 13 4 17 NDMA 112 ND~5.3x107° 2.5x10°°  25.89
‘ ﬁ%?* ! 10 1 DEHA 112 ND ND 0.00
LS LR VEN R 14 4 18 DEP 12 ND ND 0.00
LSl - 4 4 DBP 112 ND~3.9x10"2 2.0x10~* 15.18
. ?Eﬂ Ny 6 6 PFOA 112 ND~1.4x105 1.5x10°¢  36.61
A AR 4 4 8 PFOS 112 ND~1.5x107° 1.5x10°°  16.07
ﬁf“ 0 - 0 v 12 ND ND 0.00
Al
AU ! 2 3 CPs 112 ND-~8.4x107° 1.0x107}  2.67
ol A - 2 2 Ny
HND7 SRR, TR,
2.2 ARAKYFFRHREFEARF AR EIRER
RS AL TAUHIK TS YLy 8] F 2 8] 2 58 K-
Table 5 Temporal and spatial exposure levels of pollutants in drinking water of Liaoning Province
BPA NDMA DBP
4L FEAEL HRALEC L) it PR ) it % sALEC L) e
(mg/L) (%) (mg/L) (%) (mg/L) (%)
K
2.5x107° 2.0x107*
A7k 381 56 ND 0. 000 (ND -4.3%10-5) 16.070 (ND -3.8x10-2) 10.710
2.5x107¢ 2.5x107° 2.0x107*
K 36 (ND ~7.0x107%) 8.930 (ND~5.3x107%) 35.710 (ND ~2.8 x1072) 19.640
Si it 1 428.000 3.350 1 244.500 4.650 1 443.500 1.110
P 0.023 0.067 0.010 0.031 0.248 0.292
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BPA NDMA DBP
415 HEAR F R () IOHIE PR Kt F K () G 1%
(mg/L) (%) (mg/L) (%) (mg/L) (%)
X 35§,
) 2.5x10°° 2.5x10°°¢ 2.0x107*
(LS 36 (ND~6.0x107%) 3.570 (ND ~4.0x107%) 30.360 (ND~3.9x1072) 17.860
2.5x10°° 2.5x10°° 2.0x10°*
& 26 (ND-7.0x1070) 2390 (\D-sax10-h) B0y gy 12000
it 1 538.500 0.000 1715 2.980 1 659.000 0.000
P 0.637 1.000 0.270 0.084 0.399 1.000
IKFE2E T
2.5x10°°¢ 2.5x10°° 2.0x107*
K 26 (Np-7.0x10-0) 20 (wZsaxioy 0 (wligxiery 10070
. 2.5%x10°°¢ 2.5x10°° 2.0x107*
ARIK 36 (ND~7.0x10"°) 3.570 (ND ~4.3 x10°%) 17.860 (ND~1.4x10%) 14.290
it 1 594.500 0.000 1 840 0.740 1 613.000 0.280
P 0.672 1.000 0. 040 0.388 0.678 0.598
PFOA PFOS CPs
4L FEAEK T3 i (L) Hr bR GlE (@) oHIES A (D) OIE
(mg/L) (%) (mg/T) (%) (mg/L) (%)
7K
. 1.5%x10°° 1.5%x10°¢ 1.0x1073
1
Mk 36 (ND~1.4x1077%) 37.500 (ND~1.5x1077%) 14.290 (ND~8.4x107%) 1.780
1.5x10°°¢ 1.5x10°° 1.0x1073
A 36 (ND~1.0x107%) 35710 (ND ~1.0x107%) 17.860 (ND ~4.6 x107%) 0.890
Giit 1 610.500 0.000 1 546.000 0.070 1 596.000 0.000
P 0.777 1.000 0. 845 0.797 0.567 1.000
[X 3k
1.5%x10°°¢ 1.5%x10°¢ 1.0x1073
i 36 (ND ~1.4 x107%) 41.070 (ND ~1.3x107%) 17. 860 (ND ~3.0 x107%) 0.890
) 1.5x10°°¢ 1.5x10°°¢ 1.0x1073
A %6 (ND ~1.3x107%) 32.140 (ND ~1.5x107%) 14.290 (ND ~8.4x107%) 1.780
Giit 1 747.000 2. 460 1 626.500 0.070 1 539.000 0.000
P 0.229 0.117 0.598 0.797 0.553 1.000
IKFEE AL
o 1.5x10°°¢ 1.5x10°° 1.0x1073
ok 36 (ND ~1.4 x107%) 44.640 (ND ~1.2x107%) 17.860 (ND ~3.0x107%) 0.890
1.5x10°°¢ 1.5x107° 1.0x1073
AHIK 36 (ND ~1.3x107%) 28.570 (ND ~1.5x107%) 14.290 (ND ~8.4 x107%) 1.780
Gt 1 758. 500 0.620 1 604. 000 0.070 1 539.000 0. 000
P 0.200 0.433 0.747 0.797 0.553 1.000

2.4 ARRBARLEHEHEEELRE FEARKE  FHTIKHEZERESITHE (P <0.05), KRFK
I3 M 45 R b, MR KK AR 7K NDMA FiT AR5 G5 J b ARk B FAG: H S0 22 R4
DBP YR 3 = THL R K, ZRAZITHE L (P < Gt X (P>0.05), &6,

0.05) , HiZRIKIKIEIK K H DBP F1 PFOA Fi H 58 5

R 6 A[FK BRI b B HE R K s Je ) 2 55 K

Table 6 Exposure levels of pollutants in drinking water from different water sources and treatment measures

BPA NDMA DBP
45 FEARL {34 (SR Kk (R il % CRE (@D i
(mg/L) (%) (mg/L) (%) (mg/L) (%)
KPR FY
2.5%x10°° 2.5x10°° 2.0x107*
HLESS 68 (ND ~7.0x107%) 4.410 (ND ~5.3x107%) 32.350 (ND ~3.9 x1072%) 22.060
] 2.5x107° 2.5x107° 2.0x107*
Mo T 44 (ND~7.0x107%) 4.340 (ND~2.2x107%) 15.910 (ND~9.6 x107%) 4.350
Gt 1 494.000 0.000 1 758.000 2.960 1 765.000 5.080
P 0.980 1.000 0.043 0.086 0.010 0.024
IR Ak 37
6 s L
s 7 2.5 x10 4.170 2.5x10 30. 560 2.0 x10 16.670

(ND ~7.0 x107%) (ND ~5.3x107%) (ND ~3.9 x1072)
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BPA NDMA DBP
415 HEAR F R () IOHIE PR Kt F K () (GRIES
(mg/L) (%) (mg/L) (%) (mg/L) (%)
R 2.5x10°° 2.5x107°¢ 2.0x107*
LSGE 16 (ND~7.0x107%) 12.500 (ND~2.2x107%) 31250 (ND~9.6 x107%) 6.250
. 2.5x10°°¢ 2.0x107*
He b3 24 ND 0. 000 (ND -1.8x10°%) 8.330 (ND 1.7 x102) 16.670
Giithr 3.525 3.560 4.911 4.910 1.198 1.160
P 0.172 0.169 0.086 0.086 0.549 0.561
PFOA PFOS CPs
45 FEARL F () Kb (R Ktk F () Kt
(mg/L) (%) (mg/L) (%) (mg/L) (%)
IR
A 1.5%x10°° 1.5x10°° 1.0x1073
S 68 (ND~1.4x10"%) 47.060 (ND~1.3x10°%) 17.650 (ND ~8.4x10%) 2.670
1.5x10°° 1.5x10°°
iR K 44 (ND~6.2x10-%) 20. 450 (ND-1.5x10-%) 13. 640 ND 0. 000
Giit i 1 925.000 7.040 1 554.000 0.090 1 562.000 0. 660
P 0.003 0.008 0.592 0.763 0.163 0.416
TKARFR T 2
1.5x107°° 1.5%x10°°¢ 1.0x1073
g
AL R 2 (ND ~1.4x107%) 43.060 (ND~1.3x107%) 16.670 (ND ~8.4 x1073) 2.670
- 1.5x10°° 1.5x10°°
WeER 16 (ND-6.2x10-%) 25.000 (ND-1.5x10-%) 18.750 ND 0. 000
1.5x10°° 1.5x10°¢
A Ab 3 24 (ND-1.3x10-%) 25.000 (ND -4.6x10-°) 12.500 ND 0.000
it 2.791 3.610 0.542 0.330 1.697 1.710
P 0.248 0.164 0.763 0.847 0.428 0.425

2.5 fERRRFERAE K AR EOR AR T, NDMA |
PFOA #1 PFOS ) CR &K T 1.0 x 10 °a&{#F 1. 0 x
107° ~ 1.0 x 10 ™, 2 BA XU 43¢ M1 s L AT — 22 S0
W, FE R $EZ Y0 N . AR EUE KR, BPA [ DBP Al
PFOS &3 Ry HQ < 1, XU I, PFOA (1) HQ > 1,
A W H GRS o &k 5r 2500, 55 1 HQ
M CREH R Tk, Wk,

RTILT A BN EZ DA XS Al
Table 7 Health risk assessment of oral intake of drinking water

for adults in Liaoning Province

_ HQ fif CR {4

TN
Bk Pk Bk Pk

BPA 1.80x107° 1.80x10°¢ - -
NDMA - - 4.77x107%  4.69 x10°°
DBP 7.49 x107°  7.35x107° - -
PFOA 1.87 1.84 1.65x107% 1.62x107°
PFOS 5.62x107"  5.51x107!  2.22x107° 2.18x10~°
KO & S 4

AV A AT T AL T A K T 9 RS Uk,
Hrp4u 4% PFOA il PFOS M Fh 4 ik &9, 45 51 Bos
PR 2 W% M IX PR K A7 1 4 AL B i 15
e HLvR P B T30 o O X K T 35 e
AIF S PR DX P 25 5, B 7503 7 A9 &, PROA (475 2
TR B3 75 T PFOS, iX — #3455 250 it Fn sk i

T AL BB, XA R R A R AR
XL FEAEA LY PFOA ZEH1 PFOS 25 2 8% E %81 A
2023 AFRREE ASUE RS HTE JeIE R, SO AR R R
i PFOS 2, T PFOA 45 F 8 2 SE s, 15 Y A X 45
B, RARYHT PFOA FII PFOS K H v B T 36 1 (=
TR K BAFRE) FRAE, (H i T2 8k 5 A
PEFIAE ) BRRE A7y 5 K 30 o R 8 XU
JUHSE PROA s BN X AH AT ML W48, s K
WEIHLE

AMFFEAE R ZKEE S 4 NDMA | 5 G2 2 B2 AIG
T3 [ 2010—2020 4F 3% 17 Al 4% b IX T K ok
ST TRV S Y AR S R A 0 XIS e v T AR R
(255, SR 2E 5 R B T & Ak B I R
(A TA] . NDMA B TR K A b 38 2
AT PR SIS TR NDMA kB Rem 0, Ak
PR A3 DX AR K PR X T RS i, HL AR £
T AAT M DX AR AT B, I AIRE R £, X
SR R RE S BUR £ TS YRR . B AN, AR
BB T KR BE 5 TARMIK , 5 % 2 i Fe 4 AR 32
A1, NDMA 928 A5 JEUK v 255700 R S 1
S RIK )T KA R K TRk e R
HEEA S 52 BUEI K, A= B NDMA {14 i 2 il 2
W55 , HETT A 7K e BE AR R R, D 4h , TR T
YRH7K v DBP BPA L) K CPs 344 ¥ Y, B4k H
IKAEEA IR BE (95 YR 5. DBP il BPA 32 i J
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TFHRIR] S A 7 2 SR A R 0
FE A SRS i 2 Y YLy 2 B 4 T 7K o il 5 2R 4%
VEAIVE I, T3 B I5E A K AR Y 2ok s A —
SO o R IMELAS O T B 2, 3 K FE Y DBP & i
2t E R AR R, X — B4 iR 75 5| A 5
TR TR EE AR, H RIS RO R it LA 2 . X T
CPs, 8 H A i AN A TR R K D AEbRE, B
FIA 2023 4FJR 2 A TS T R, BAEARE X
BN REAS Tl A 4 o 25 1 LV A i g B
13 Y FAR S CPs A AR = HEC, s 3, M
AR5 Y DR AR

FEXT K A 43 2 43 A B & 3, 35 K 3 NDMA Al
BPA (175 YLK -5 F AL K B . LR R nT 8 5 W0 T
FIE . B4, d6 07 X = K W) R T i 8 s TR K
Wi KEREMRIN T LR 0, LMWK B IE, 5 Y
Yy Gy Ay kA KR, T E0E GemE . vk,
P T =K I KU 32 T g XUBS: 38 I, A o DR kO K %%
4 PR AR A SR BN R T 25 390 FH o 9 5 it
A i AR R AR B P A AR 2 N, fL 4G NDMA | )L
T — A5 B R K SR K TS e 22 5. 25 BT
W, BOFR 22 508 A AR R 805 Y Wit B LU K B
JE AR S RV E B 45 2R

PR A FE A 1 — A DA K IR 35 426 Rk A BT 25 7
Ty DM PR 2 AT R R, S5 SRR B, A ROk Sl K
JE KK H NDMA | DBP I PFOA 5 47K - 15 F LA
Hi R K R K IS AR 7K, 156 BH b 2R 7K K R HL A B = 1Y)
VYRR o MK R TR M BE 5 2 205 YL IR )
SR, T SRS e e T . B2 L T
ARARXT A, b AR M 195 Y e B B i R
SRS AR NI AE— 2 R B L BRI A b
TOKEE G BE o R e T L PR KR 8 ] i
15 G IR HERL , PR R 7K 48 48 R0 EL RT A A4 it o

A o i R XS DA R, B0 KUK, NDMA |
PFOA I PFOS H.A5 — 5 WU, ¥4 76 7T #3232 i [l N .
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