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Distribution and health risk assessment of nitrosamines in drinking water in Shanghai CAl
Hongquan®®, QIAN Hailei®, XUE Zhiyi®®, PEI Saifeng®’, ZHANG Yun®®, SHEN Chaoye™® (a. Division
of Chemical Toxicity and Safety Assessment b. State Environmental Protection Key Laboratory of
Environmental Health Impact Assessment of Emerging Contaminants c. Division of Health Risk
Factors Surveillance and Control, Shanghai Municipal Center for Disease Control and Prevention,
Shanghai 200336, China)

Abstract:

[Background] Nitrosamines (NAms) are highly carcinogenic and frequently detected in drinking
water systems in China, indicating potential human health risk through drinking water.

[Objective] To analyze the distribution of NAms in drinking water in Shanghai and to evaluate
relevant human health risk.

[Methods] A total of 94 samples of source water and 120 samples of finished water were
collected in February (dry period) and August (wet period) of 2021 from 30 drinking water plants
in Shanghai, and eight NAms were quantitatively analyzed by gas chromatography tandem mass
spectrometry after solid phase extraction. Cancer risks for different age groups caused by NAms
exposure through water were evaluated using Monte Carlo probabilistic method and
carcinogens risk assessment model recommended by the United States Environmental
Protection Agency.

FEHR
Investigation

o0¢e

DOl 10.11836/JEOM21517

A=
LiEm 2021 FE R FHITITR”
(21D21202100)

EEEN
£R2(1988—), I, B L, TEET,

E-mail: caihongquan@scdc.sh.cn

BIEEE
JLERNE, E-mail: shenchaoye@scdc.sh.cn

CIEEH H
MmHR TRk
IkFSEER 2021-11-01
REBH 2022-04-19

XEHS 2095-9982(2022)07-0752-06
HESES R123.1
XERTERS A

1)

BRR, W58, B2E, S LEWIRAK
HRIT S AR 21 & MRS R0 R {2 B XL B
G D). FBESERWES, 2022,39(7) 1 752-
757.

PRI EE

www.jeom.org/article/cn/10.11836/JEOM21517

Funding
This study was funded.

Correspondence to
SHEN Chaoye, E-mail: shenchaoye@scdc.sh.cn

Ethics approval Not required
Competing interests None declared
Received 2021-11-01

Accepted 2022-04-19

» To cite

CAl Hongquan, QIAN Hailei, XUE Zhiyi, et al.
Distribution and health risk assessment of ni-
trosamines in drinking water in Shanghai[J].
Journal of Environmental and Occupational
Medicine, 2022, 39(7): 752-757.

» Link to this article
www.jeom.org/article/en/10.11836/JEOM21517

wWww.jeom.org


https://doi.org/10.11836/JEOM21517
mailto:caihongquan@scdc.sh.cn
mailto:shenchaoye@scdc.sh.cn
www.jeom.org/article/cn/10.11836/JEOM21517
mailto:shenchaoye@scdc.sh.cn
www.jeom.org/article/en/10.11836/JEOM21517
www.jeom.org

#4557 &% | Journal of Environmental and Occupational Medicine | 2022, 39(7) 753

The concentrations of total NAms in source and finished water were 12.56-65.86 ng-L™* and 8.52-57.38 ng:L™, respectively. The
average concentration of total NAms was higher in source water (33.50 ng-L™") than in finished water (22.07 ng:L™", P<0.05) during dry
season, and lower in source water (16.90 ng-L™") than in finished water (21.02 ng:L™, P<0.05) during wet season. The average
concentration of total NAms in source water during dry season was twice of that during wet season. The positive rate of N-
nitrosodimethylamine (NDMA) was the highest (100%) among the eight NAms. The cancer risk of exposure to NAms in finished water in
Shanghai was mainly from the ingestion route, which was mostly caused by NDMA. The cancer risk from exposure to NAms in water for
children (median=4.32x10") was slightly higher than that for adults (median=3.34x10"°) and adolescents (median=2.27x10""). The cancer

risks of exposure to NAms in water for people of different ages were mainly (80% - 95%) at an acceptable level (1x10° - 1x107).

NAms contamination is positive in Shanghai’s drinking water and NDMA is the main contaminant. The removal of NAms in

water by current water treatment process is season-dependent. The cancer risk of children exposed to NAms in water was slightly higher

than that of adults and adolescents, but all at acceptable levels.

nitrosamines; drinking water; distribution; cancer risk
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(N-nitrosodiethylamine, NDEA) VB IEE A 24", EEH
15 1R$P2Z (Environmental Protection Agency, US EPA)
ME LB 1x10° BY, SWNIBKPRAR
FRERE(SE: RE) XA 0.7 ng L § 0.2 gL,
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(N-nitrosopyrrolidine, NPYR) o #¥ G 81 AN IBFIE E 4
75 7EZEVE DL SCER [10],

LI EAAFEHITEEOW, ZMEAEEEA
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Table 1 Parameters for cancer risk assessment of NAms

RSB R

BoBRERTF"/

NAms (mekg™d )] (cm-hY) BEY DR
NDMA 5.10x10 2.57x10™ 2A
NDEA 1.50x10 8.82x10™ 2A
NPIP = 6.22x10™" 2B
NMEA 2.20x10 5.41x10™ 2B
NPYR 2.10 3.27x10™ 2B
NMOR = 1.78x10™ 2B
NDPA 7.00 2.34x10°° 2B
NDBA 5.40 1.13x10 2B
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S R T 1x10°°, A RSB 24T,
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Table 2 Exposure parameters for different age groups
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Table 3 Concentrations of NAms in source and finished water in
different periods

Rk H K

NAms = 9fE/ U RECE RHE 96/ P RETE

/% (ngl) /ing) /ing:L) /% (ngLT) /(ng:L) /ing:L)
202117k ER
NDMA 100.0 17.47 1454 6.25~4231100.0 15.16 12.51 1.08~50.85
NDEA  20.8 0.89 ND ND~231 233 0.78 ND  ND~2.63
NPIP 00 — — — 367 1.06 ND  ND~2.97
NMEA 333 148 ND  ND~4.05 333 1.06 ND  ND~4.10
NPYR 250 242 ND ND~9.20 6.7 0.83 ND  ND~8.67
NMOR 0.0  — — - 100 094 ND  ND~3.62
NDBA 958 996 653 ND~2573 80.0 226 2.18 ND~4.79
HNAms — 3350 3165 13.08~65.86 — 22.07 19.22 8.52~57.38
20213 7KHR
NDMA 100.0 4.23  3.95 2.36~9.09 1000 6.86  6.18 3.35~16.7
NDEA 69.6 279 3.66 ND~437 867 355 3.85 ND~6.51
NPIP 00 — = = 16.7 0.76 ND  ND~2.66
NMEA 100.0 5.33 453 3.27~899 90.0 4.42 451 ND~7.73
NPYR 00 — - — 00 — — =
NMOR 0.0  — — — 00 — — =

NDBA 348 245 ND ND~4.58 83.3 4.37 4.85 ND~11.05

11.21~

4
&=NAms — 16.
= S 29.85
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¥ RREKERNFEKEA(3S P<0.05) , BEILHEKERIER
BFKE, L C KEFHIRENRS.

HIKARE NAms SKE D RERRBNE. RETT
BXZEMNERYETHITFEE XY P>0.05 1
1B), E 1, #47KHA JD. SI. cM X H [~ 7K # NDMA
BITFERE( 2579 28.38. 21.45, 13.60 ng L) &TFF
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7KEA BS. JD. QP. SJ. FX. CM X 7K NMEA JRE
EFFEKHA(3Y P<0.05); #h7KHA BS. SI X HT KA
NDEA K FE (5 1.27. 0.83 ng-L )R FFEKHE(H
FA 5.16¢ 5.29 ng.L ™", ¥ P<0.05), f&KEAH T kR
NDMA 34 7K FZ L ID &% /= (28.38 ng:L™"), SQ & 1%
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Figure 1 Comparison of specific NAms concentrations in source
water of each reservoir (A) and finished water of each admini-
strative district (B) in different periods in Shanghai
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HWEUE X QTE 3.04x107°~7.04x10° Z (8], ZBUENXIE  7F 4.25x10°~6.72x10° Z 8], I XS A] 2 BE, TRK &
BHAES; 2AKEETE NAms BN  REEXNEEBUEXARIIRA(99.9%) . LI 40

x4 BETFRERBRPNFRFRABFZKEET NAms WAEBUEXC

Table 4 Age-specific lifetime cancer risks of NAms exposure in water through Monte Caro simulations

0~<9% () LE) 9~<18% (F /) 218% (A A)
NAms
X Pos s b Pys s X Pos s
ok—Z08AN
NDMA 4.10x10° 1.42x10™ 5.88x10° 1.78x107° 5.23x10°° 2.02x10° 2.61x10°° 7.56x10° 3.17x107
NDEA 2.38x10” 7.79x107° 4.28x10° 1.01x107° 3.01x107 1.21x107 1.50x107 4.38x10° 1.93x10°
NMEA 4.33x10°° 1.42x107 7.29x10°° 1.85x10° 5.41x10°° 2.17x10°° 2.72x10°° 7.99x10°° 3.31x10°°
NDBA 1.30x10°° 4.18x10°° 1.74x10°° 5.53x107 1.45x10°° 5.12x10” 8.19x10”7 2.19x10°° 8.14x107
SNAms 7.04x10°° 2.18x10°* 9.09x10°° 3.04x10°° 7.90x10°° 2.71x10°° 4.47x10°° 1.15x10™* 4.25x10°°
FAk—Z R RR R
NDMA 1.12x10°° 3.40x10°° 1.38x10°® 1.47x10°® 4.46x10°° 1.84x10°° 9.33x10”° 2.74x10°® 1.09x10°®
NDEA 2.18x10°° 6.70x10° 2.76x10°° 2.92x10° 8.74x10°° 4.29x10°® 1.82x10°° 5.38x10° 2.33x10°°
NMEA 2.49x10”° 7.62x107° 3.32x107 3.23x10” 9.81x10~ 4.17x107° 2.06x107 6.28x10” 2.59x10”°
NDBA 1.55x10°® 4.41x10°° 1.74x10°® 2.01x10°® 5.75x10°® 2.10x10°® 1.29x10°® 3.58x10°° 1.30x10°
SBNAms 5.10x10°° 1.33x10” 4.75x10° 6.72x10°° 1.77x107 6.61x10°° 4.25x10° 1.07x10” 3.70x10°°
ELIR A Z IR ERETAE NAms FIBUENFL & He R
I, NDMA BB R ISR & (FRAIEN 1.72x10°), ‘
NDEA JR 2 (R34 9.69x10°) , NMEA #1 NDBA 1% /
({25 814 1.78x10° # 6.01x107), ZEEH 4+ Sl /S |
FEN(P<0.05), WE 2 LLEFEIER ABEKS 04 | ‘
BIRRET NAms FIBUERFL A, ) LERBUEX L JLE
BRI 4.32x10°), AR Z (FR{iI%K 3.34x10°), e
BEVERE(RAI 2272107, BERHERHFE ol
Xo MDTRELEE, JLE. T LEMBEALZIKA A KEHBAR
KBET NAms BYBUE X PR AL (80%~95%) &b F 3 FEERABKREKEES NAms UL EBIER G
AliESAKFE(10°~10), WA 3, Figure 3 Lifetime cancer risks in different age groups exposed to
total NAms in water via ingestion and dermal exposure
1.0
// ,, — 3 e
| | § it EEEEMRAKR LR, THARIX
wos|| |/ KRG NAms BISRAOR, 1 F LEHRFEHAKE,
;ﬂ% zz L‘J ************************************* TEERELEKEHTABERER . AHRXEL
‘\ — Nowa BT 10 NMTEX 30 KK RAKFME T KHE It 214
0z :&gﬂg,s 7KEE, 2 NAms TERKFIH KRR FIRE S 5
. —— 9 25.20. 21.54 ng-L™}, EH NDMA i R E = (100%) ,

0 2x0%  40°  6x10%  §x10%  1x10° REA NAms [ 2 FET LB IKRSH,

KREBUENG
X LB KRR NAms 9T R R K
B R B 1A 2 8, SHE BN ES TR T AR

Figure 2 Lifetime cancer risks in adults exposed to different

NAms in water via ingestion and dermal exposure B, XKIFEKF NAms BIEEER, Mﬁ'ﬁ%ﬁzﬁﬂfﬁ
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B%{f%o Magbool Z2020 £ 7 B E 12 BXEKEmREH
B IRKE NAms D K FEFHITIHRER, ZMFE
IKEAE KA E NAms SR ER T KE, SRR LE
F—H. 7AM, NMEA 44 H FRIRE F KR F 17K
HA, AT BE S FE KRR = FRIELLRERE X, B AR
BAER/KE NMEA SSREBE R B @ EK, LiEhm
KAEHIFEIKF NDMA TREKFELBEER, HPLL
ORI A RIER 12 KER K NDMA R E R F
Zhang E"'2012 FREAN B H IKENARER, X
5KEE#IK BT LUREZ B, PEARXT NDMA FZAE BTk ER
ANER. —FIRMN=FRSEENYE XY,

EFZ S, Bk F S NAms IR EfEib K 2R
BRFREK, EEKPSFTIRK, HELEEHMEHK
[TREBTZ(EM+RE-EYEMR) 3T NAms BYERR
EREEETAEIM. HAKRE, RESUTNRIEE
FrLEE | NAms BIEYIF4E NAms SEBSEIFY,
Mo E Y E M RS IS RTE SR YRR ER D
bR NAms® ¥, BEEREKPRERESERS, FREAM
SUEREMAKE NAms BIEY), SBELKAETD
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