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Health risk assessment of chemical pollutants in drinking water in Nanjing from 2014 to 2022
ZHENG Yuhong, ZHANG Jingshan, CHEN Chunjing, GE Ming (Environmental Health Department,
Nanjing Municipal Center for Disease Control and Prevention, Nanjing, Jiangsu 210003, China)
Abstract:

[Background] Drinking water contains a variety of chemicals that may pose certain health risks
to the human body.

[Objective] To evaluate carcinogenic and non-carcinogenic health risks of chemical pollutants in
drinking water in Nanjing from 2014 to 2022.

[Methods] According to the Standard examination methods for drinking water (GB/T 5750-2006)
and the Standards for drinking water quality (GB 5749-2006), the conventional water quality in-
dexes of finished water, tap water, and secondary water supply in Nanjing from 2014 to 2022
were monitored. The health risk assessment model recommended by the United States Environ-
mental Protection Agency (US EPA) was used to assess the health risks of 16 chemicals [arsenic,
cadmium, chromium (hexavalent), lead, mercury, selenium, cyanide, fluoride, nitrate nitrogen,
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trichloromethane, carbon tetrachloride, aluminum, iron, manganese, copper, and zinc] in drinking water through different routes (drinking
water and skin contact) in different populations (adult males, adult females, and children). Region (urban and rural), water period (dry
period and wet period), and water sample type (finished water, tap water, and secondary water supply) were stratified for analysis.

From 2014 to 2022, a total of 4 198 samples of drinking water were monitored in Nanjing, including 483 samples of finished wa-
ter, 3313 samples of tap water, and 402 samples of secondary water supply. The pass rates of all indicators were above 99%. The health
risk assessment results showed that the carcinogenic/non-carcinogenic risks of arsenic and lead presenting a trend of first increasing
from 2015 and 2016 respectively, remaining relatively high for 3 and 4 consecutive years respectively, and then decreasing from 2018
and 2020 respectively before remaining stable; the carcinogenic risk of cadmium was much higher than that of other chemicals, and the
risk was greater than 1.00x10™ except for 2018 and 2019. The non-carcinogenic risks of drinking water in different populations (adult
males, adult females, and children) under different exposure modes (intake of drinking water and skin contact) were less than 1. The values
of carcinogenic risk via drinking water in total population and of cadmium intake via drinking water in all sub-groups (adult males, adult
females, and children) were greater than 1.00x10™*. The carcinogenic/non-carcinogenic risk of drinking water was the highest in children,
and the carcinogenic/non-carcinogenic risk via drinking water ingestion was higher than that via skin contact. The stratified analysis
showed that the carcinogenic/non-carcinogenic risks of arsenic and cadmium in urban drinking water were higher than those in rural
drinking water (P < 0.05); the carcinogenic/non-carcinogenic risks of arsenic and trichloromethane in wet season were higher than those
in dry season (P<0.05); the carcinogenic risks of cadmium in different types of water were all greater than 1.00x10™*; the health risks
varied by chemicals and water sample types for the other chemicals, but all were within an acceptable level.

The non-carcinogenic risks and carcinogenic risks of selected chemical pollutants in drinking water in Nanjing City from 2014
to 2022 show decreasing or stable trends. Among the 16 chemicals, the carcinogenic risk of cadmium exceeds the acceptable range rec-
ommended by the US EPA, and the carcinogenic/non-carcinogenic risks of the remaining chemicals are within the acceptable ranges.
Cadmium should be given priority attention in future risk management of drinking water.

drinking water; chemical pollutant; health risk assessment
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Table 1 Health risk assessment parameters

N BAE(R/(LdY) BREFEMNEED)/E BBMEFEAN/(EY) HEBW)/ke THREBEREAT)/A  BRERIEET)/(mind?)  ERRKRER(SA)/cm’
£l 2.580 74.60 365 68.5 27229.00 18.07 17000
kg 2.087 78.81 365 57.9 28765.65 17.80 15000
JLE 1.173 7.00 365 26.7 2555.00 15.00 10000

xR2 16 MUFYRNMERF. SEFENRKESERHK
Table 2 Slope factors, reference doses, and skin permeability co-
efficients of 16 chemicals

EE MERF } SERISE } BZHHLEJS?I%&
(SF)/I[(kg-d)-mg™] (RfD)/[mg-(kg-d) ] (Ko)/(cm-h™)

i 1.5 0.0003 0.001

] 6.1 0.0005 0.001

ER(75) 0.5 0.003 0.002

sl 0.0085 0.0014 0.0001

—qEkE 0.031 0.01 0.006 83

ERIg 0.07 0.004 0.0163

& - 0.0003 0.001

b - 0.005 0.001

Sk = 0.00063 0.001

;L - 0.04 0.001

hHEREL = 1.6 0.001

s = 1 0.001

% — 0.3 0.001

74 — 0.14 0.001

il = 0.04 0.001

23 — 0.3 0.0006
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Table 3 The concentrations of 16 chemical substances in drinking
water in Nanjing from 2014 to 2022

e TORR/ ol FRERE/ (mg'L™) &
S o(mglY) E/w py, Py P,s % =/%
i 1.00x10° 32.7 5.00x10™ 5.00x10* 1.00x107° 7.03x10™* 100.0
& 1.00x10° 83 2.50x10* 5.00x10™ 5.00x10™ 4.80x10™* 100.0
(M) 4.00x10° 21.6 2.00x10° 2.00x10° 2.00x10° 2.65x10” 100.0
2 2.00x10° 41.0 1.00x10° 1.25x107 2.50x10” 1.88x10° 99.9
x 1.00x10™ 342 1.00x10” 5.00x10° 1.00x10* 7.32x10” 100.0
i 1.00x10° 65 5.00x10* 5.00x10™ 5.00x10 5.43x10™* 100.0
L2 2.00x10° 185 1.00x10” 1.00x107 1.00x10° 1.22x10” 100.0
s 1.00x10" 99.9 2.00x107 2.30x10" 2.80x10™" 2.33x10" 100.0
BHERER 1.00x10" 957  1.20 1.66 1.95 2.07 99.9
ZSHkE  2.00x10° 936 6.90x10° 1.40x107 2.79x1072 1.82x10° 99.8
MOS{LFR  2.00x10° 51.1 1.00x10° 2.00x10™° 7.00x10° 6.27x10° 99.9
o 5.00x10° 989 4.70x107 7.00x107 9.90x107 7.47x10° 99.4
% 5.00x10° 72,9 2.50x10™ 1.50x107 3.20x1072 2.73x102 99.9
2 1.00x10° 5.7 5.00x10* 2.50x10” 2.50x107 1.08x10° 99.9
Ei| 5.00x10° 40.8 2.50x10° 2.50x10° 2.00x10” 1.08x107” 100.0
2 5.00x10° 69.5 2.50x10° 1.00x107 4.68x10™ 3.32x107° 100.0
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Figure 1 Trends of non-carcinogenic risks of selected chemicals
in drinking water in Nanjing from 2014 to 2022
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Figure 2 Trends of carcinogenic risks of chemicals in drinking water
in Nanjing from 2014 to 2022
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Table 4 Non-carcinogenic risks of selected chemicals in drinking

water by subgroups and exposure modes in Nanjing from 2014 to

2022

P RIKBN 27 kit
F1/)I01

REBME mERE  )LE REBM MERYE ILE
il 8.83x107 8.45x107° 1.03x10™" 1.75x107* 1.81x10™* 2.20x10™
= 3.62x107° 3.64x107° 4.22x102  7.18x10”° 7.39x10° 8.99x10°°
$R(AH)  3.33x107 3.91x107 3.89x107  1.32x10™ 1.36x10™ 1.66x10™
A 5.05x107° 4.83x107° 5.89x10 1.00x10”° 1.03x10° 1.26x10°
X 9.19x10° 8.80x10° 1.07x107 1.82x10° 1.88x10° 2.28x10°
i 4,09x107° 3.92x10° 4.77x10”°  8.12x10° 8.37x10° 1.02x10”
E=LIZ7] 7.30x10° 6.99x10° 8.51x107 1.45x10™ 1.49x10™ 1.81x10™
aky 2.20x10" 2.10x10" 2.56x10"  4.36x10™" 4.49x10™* 5.46x10”
i 4.87x107 4.66x107 5.68x107 9.67x10° 9.96x10”° 1.21x10™
=Mk 6.85x107 6.56x107 8.00x107 9.29x10™ 9.57x10™ 1.16x107
MOS{LHE  5.90x10 5.65x10° 6.88x10* 1.91x10™° 1.97x10° 2.39x10°
=] 2.81x10° 2.69x10° 3.28x10”° 5.58x10° 5.75x10° 7.00x10°°
% 3.42x107° 3.28x107° 3.99x10° 6.79x10° 7.00x10° 8.51x10°°
= 2.89x10° 2.77x10° 3.38x10° 5.74x10° 5.92x10° 7.19x10°°
Ei| 1.01x107 9.71x107 1.18x107° 2.01x10° 2.07x10° 2.52x107°
23 4.17x107° 3.99x10° 4.86x10”° 4.96x10° 5.11x10° 6.22x10°
&it 6.56x10" 6.27x107" 7.65x10"  2.08x107° 2.15x10° 2.61x107°
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Table 5 Carcinogenic risks of drinking water by subgroups and
exposure modes in Nanjing from 2014 to 2022

TR SRRk
E2yA

MESME RELE JLE REBYE BEXE JLE
il 3.97x10” 3.80x10° 4.64x10° 7.88x10° 8.12x10° 9.88x10°
&= 1.10x10™ 1.06x10™ 1.29x10™*  2.19x107 2.25x107 2.74x10”
(NH)  5.00x10° 4.78x10° 5.83x10°  1.98x107 2.04x107 2.48x107
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=ZHHEE  2.12x10° 2.03x10° 2.48x10°  2.88x107 2.97x10”7 3.61x107
POS{bHR  1.65x107 1.58x107 1.93x107 5.34x10° 5.51x10° 6.69x10°
ait 2.22x107" 2.12x107 2.59x10™"  7.89x107 8.13x107 9.89x10”

TRA7KAEEK

EXHNDBOTERET, WHkhE, 8. 5T
RITK, H 7 FEEYICREIIN BB T RATK;
FKERRR, S LY. MY, =R T ib7KER, fE
FRERE Tt 7Kk HA; ZORMHKER. e FRAEK, HI K
AR BF ZRMK, KEKRSFEH
IR 2R, REKE ST 2R MK, ZxH
KB T HT 7K, RIEKF R EKEERLEE. =
SRS T K, REKNZREKES TR K,
TR T REK, SR FTEMELR S1.

IRARKBUERIEA D B DTSR B3, B kEs,
W\ T RN, BN . =R E. ARIHRKIT
FRIFK; FKEAEH, =B ORAHRETHK
HA; SRAEKEE (M) « RIS T 2R MK, KK
MIRMAK=ZRPEETH K SR
% S2

2014—2022 FREREMIXAKF 16 HUEYR S
MEINTE 99% L b, AR R IXBKKREELAFTSE
KIRBKBENRE, 2R, WEY BRI E R

ERFinEEHRERET AT AEFM, KH
EAENESRMNARER —ENREX K, dNER
ARIBE SIS 28K E B S A B A R AR & KT
MAKEE, WEEBRRAKSERABENESR
R,

2014—2022 FRIER B IRAKEFE S LR
XA R 5 R B 7, s IERuR XMz X
MEMLEASETENED, ERUCEMRNTKE
BENEDETRIFRED, WBEERRmIRAK
KRERE, RN BT T, 16 L FEYERIEE
R HQ 3T 1, EAEZSEE R BENMR RS
M2, H CR AT 1.00x10™*, BFERANIE; HX2
(7). A =SBk, CR N TF 1.00x107°~1.00x
107 Zj8), FERBENBEX, ERRIRE, BRE
WX TIBEFHER, FENESEEREREREY,
FI—THRET, FRAKESESHNHKX, XX
i HE" . AL L, FIEPRSREMEEFMM,
WERARBEFEREN AKELY DA HRBES.
BKFEEURIE . B mET YRR R IR, KEAR
BSESRNER. BiX. 8K%F, 25lRARIEEH
E, B, BRIELCRFERREY Alt, 43t
NEEEMRTE, HEEEHI SR, w75 HE
BERESREMHR.

IRAKIBANTE B2 BRiEf, 392) LERAKEER
MESTREAN MEAFRBMEZELHAEES,
XEHMARER K FTER) IEMRANEEE
SRS, EBEXRMBER S BAITERET,
Wk, BT RITK, ERIMEFRATK, algER
W Tl ERE. RERES TR, mMRA/NE
EHRHEKKBIBTZATE. HEFTB AR KA E
BERRSHEMIBRXRES FIHHE". 2ERER,
FKIAX P ES FihKEE, TS ET. KEF—E
HXRY, FEMCEYRERBKERE AR EEX
A ARMER, RRBELSE . REKSH KFFR
B REEXEFEEESRTREH KAEIHHE
FlkRZEHRTE BB M. EMEFERNS S, iR

NIRMBEZERZSHY, Z A HKkBEXNKSH
[TKMEKEKEETER, ATRERH T KFE BB E K.
MRYIRR. EBIHMEEREEE,

AN FBTHTEERD 2014—2022 FIRAKP
N ZSEYT ABERREN, 2 TERT2K
IR KRB EEVEER, I X EBI)H— T HIEIR
KR EIREEREEXKE, BRRITEGHSER

www.jeom.org


www.jeom.org

910 #445-5723:&% | Journal of Environmental and Occupational Medicine | 2024, 41(8)

BEX2EMNSUENZEEHE MG, ALEERSZ
BRHE M, EEE/FE: T 16 FEEYFRHIT TR
PO (, RE EBEYEIN. RS EIefmMIEE s
MENRNRER, ZARRITETEOMNERHREE
BE, MAERBERRANTE, 1= KB LA
HRN; RRAZETILEMRANESR, BXE)LE
FREIFRENERANITE, TEHIBLER, R H
M BURERREGHERN 12 WANDT, AIERS
B D X KK, ERF EABFIRKIRORL.
IRFF ) HAEE S IR R X R R =4 g9 520,
tt, A A HBERETIRAKERNRER, TS
LIMEREE—ENRE, T B ISEX IR,

2= b, AR 2014—2022 IR AKPLETRY)
EBENRANBEXR 2 EZ T TRERIEFRBE,
16 F L FH R, FREREVEURE X PLEEIE USEPA HETFRY
AEZSEESN, HERCFEYEUE/IEBUE XI9ER
EZEREN. ESBEIMAKNKERPRNIIRATE
mRE,

SE Xk

[ 11SHARMA S, BHATTACHARYA A. Drinking water contamination and treat-
ment techniques[J]. Appl Water Sci, 2017, 7(3) : 1043-1067.

[21GENG M, QI H, LIU X, et al. Occurrence and health risk assessment of se-
lected metals in drinking water from two typical remote areas in China[J].
Environ Sci Pollut Res Int, 2016, 23(9) : 8462-8469.

[ 3] KUMARI M, GUPTA SK. Cumulative human health risk analysis of tri-
halomethanes exposure in drinking water systems[J]. J Environ Manage,
2022, 321: 115949.

[ 4 1 AB RAZAK N H, PRAVEENA SM, ARIS AZ, et al. Drinking water studies: a re-
view on heavy metal, application of biomarker and health risk assessment
(a special focus in Malaysia) [J]. J Epidemiol Glob Health, 2015, 5(4): 297-
310.

[ 5] WEESY, ARIS AZ. Endocrine disrupting compounds in drinking water supply
system and human health risk implication[J]. Environ Int, 2017, 106: 207-
233.

(6] &SR, MHS T, 3, F. 2012—20195 AR A E MR H R EE XA
IR KB ITAR [1]. AR TARAIEH, 2023, 34(9) : 659-663.

CAO JH, HAO PF, WANG K, et al. Health risk assessment of rural drinking
water in a prefecture-level city of Henan province, 2012-2019[J]. Mod Dis
Control Prev, 2023, 34(9) : 659-663.

[7] R BRMBMRKESBESRFERREAR D], FIRESE, 2020,
2(7):37-47.

WANG G. Characteristic and risk of heavy metals contamination of surface
water in Nanjing city [J]. Environ Ecol, 2020, 2(7) : 37-47.

[8]1BRER:, kW, TR, F. 2009FEm R IAKESERRN TG
1. ATARFEEE, 2020, 47(5): 813-816.

CHEN CJ, ZHANG JS, LI J, et al. Health risk assessment of heavy metals in
drinking water, Nanjing, 2019[J]. Mod Prev Med, 2020, 47(5) : 813-816.

[9]1FrE#R:, KR, BEF, & BRI KR BESEFMRRR TN
L1, FpHES, 2021, 33(2) : 194-196.

CHEN CJ, ZHANG JS, GE M, et al. Health risk assessment of chlorination
disinfection by-products of drinking water in Nanjing[J]. Prev Med, 2021,
33(2):194-196.

[10] XBFRAT, =EE, BRERR, S I A B RMIKAKRN-IEHE ZFiRfE
BRI D], RS ERVES, 2022, 39(8) : 890-894,901.

ZHENG YH, LI DK, CHEN CJ, et al. Health risk assessment of N-ni-
trosodimethylamine in drinking water in Nanjing, Jiangsu province[J]. J
Environ Occup Med, 2022, 39(8) : 890-894,901.

[11] IR RIPE. PEABRBESHFM-HAE(M]. IR REFFEHR
t, 2013.

Ministry of Environmental Protection. Exposure factors handbook of Chi-
nese population-Adults[M]. Beijing: China Environmental Press, 2013.
[R]FRERIPE. PEAREESHTFNR-) LES-6-17% [M]. It R: REIF

5 thhR4t, 2016.

Ministry of Environmental Protection. Exposure factors handbook of Chi-
nese population -Children (6-17 years)[M]. Beijing: China Environmental
Press, 2016.

[13] LINZ, LIU Y, CHENG Z, et al. Uncertainty health risk assessment and regional
control of drinking water: a case study of Hanyuan county, southwest
mountainous area, China[J]. Environ Sci Pollut Res Int, 2022, 29(45):
68202-68215.

[14] B3, £IRIC, 8, F. 2014~2019F & B ETEIRA KB RN IT(H
U] WARKFEFIR(EFIR), 2021, 59(12) : 42-49,57.

PAN L, WANG BL, WANG Y, et al. Health risk assessment of drinking water
in Qingdao from 2014 to 2019[J]. J Shandong Univ (Health Sci), 2021,
59(12): 42-49,57.

[15] IERR, 3R, A5 5, & MRMEBX TIBEFRRREBPERESNE
TMERR D], FIRRF 58, 2021, 46(6) : 175-179.

YANG ZB, XU R, HE QQ, et al. Soil environmental quality survey and eco-
logical risk assessment in Main Urban Area of Nanjing[J]. J Environ Sci
Manage, 2021, 46(6) : 175-179.

[16]LI M, DU Y, CHEN L, et al. Assessment of trace elements in terminal tap
water of Hunan province, South China, and the potential health risks[J].
Environ Monit Assess, 2018, 190(6) : 318.

[17]1B83E. ESRBISRKTAMIREF-EMBER AR [D]. bR
EFREIF bR, 2013.

TAN K Y. Research on geochemistry-biological remediation technology for
heavy metal polluted water and soil[D]. Beijing: Chinese Academy of Ge-
ological Sciences, 2013.

[18]J1Y, WU J, WANG Y, et al. Seasonal variation of drinking water quality and
human health risk assessment in Hancheng city of Guanzhong Plain, China
[J]. Exposure Health, 2020, 12(3) : 469-485.

[19] LU SY, ZHANG HM, SOJINU SO, et al. Trace elements contamination and
human health risk assessment in drinking water from Shenzhen, China[J].
Environ Monit Assess, 2015, 187(1) : 4220.

[20] HU D, ZENG J, HU Y, et al. A survey on heavy metal concentrations in resi-
dential neighborhoods: the influence of secondary water supply
systems [J]. J Environ Sci (China), 2022, 117: 37-45.

[21]LIU G, ZHANG Y, KNIBBE W, et al. Potential impacts of changing supply-
water quality on drinking water distribution: a review [J]. Water Res, 2017,
116: 135-148.

(4wt . TR, SRR - TIEm)

wWww.jeom.org


https://doi.org/10.1007/s13201-016-0455-7
https://doi.org/10.1007/s11356-015-6021-2
https://doi.org/10.1016/j.jenvman.2022.115949
https://doi.org/10.1016/j.jegh.2015.04.003
https://doi.org/10.1016/j.envint.2017.05.004
https://doi.org/10.11836/JEOM21586
https://doi.org/10.11836/JEOM21586
https://doi.org/10.11836/JEOM21586
https://doi.org/10.1007/s11356-022-20688-y
https://doi.org/10.3969/j.issn.1673-1212.2021.06.040
https://doi.org/10.3969/j.issn.1673-1212.2021.06.040
https://doi.org/10.3969/j.issn.1673-1212.2021.06.040
https://doi.org/10.1007/s10661-018-6684-5
https://doi.org/10.1007/s12403-020-00357-6
https://doi.org/10.1007/s10661-014-4220-9
https://doi.org/10.1016/j.jes.2021.12.032
https://doi.org/10.1016/j.watres.2017.03.031
www.jeom.org

	1 材料与方法
	1.1 数据来源
	1.2 监测指标及方法
	1.3 健康风险评估
	1.3.1 暴露评定
	1.3.2 健康风险评估模型
	1.3.3 健康风险评估参数

	1.4 统计学处理

	2 结果
	2.1 水质监测结果
	2.2 健康风险评估
	2.2.1 时间趋势分析
	2.2.2 不同人群、途径饮用水健康风险评估
	2.2.3 不同地区、水期、水样分层分析


	3 讨论
	参考文献

