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Levels and health risk assessments of halomethanes, haloacetic acids, and haloacetonitriles
disinfection by-products in source and finished water in Shanghai LI Yongzhen', HE Gengsheng’,
ZHAN Ming?, LI Hongliang?, XI Ye?, ZHENG Weiwei' (1.Key Laboratory of Public Health Safety
of Ministry of Education, School of Public Health, Fudan University, Shanghai 200032, China;
2.Shanghai Pudong New Area Center for Disease Control and Prevention, Fudan University
Pudong Institute of Prevention Medicine, Shanghai 200136, China)

Abstract:

[Background] As an inevitable substance formed during drinking water disinfection, disinfection
by-products (DBPs) can not be ignored for their potential carcinogenic and non-carcinogenic risks
in populations.

[Objective] This study is designed to determine the levels of DBPs (halomethanes, haloacetic acids,
and haloacetonitriles) in source and finished water in Shanghai and evaluate their health risks.

[Methods] Water samples from three water plants in Shanghai and from their source water
reservoirs were collected (with 6 parallel samples at each point) during September and October,
2020. Gas chromatography equipped with electron capture detector (GC-ECD) were used to
detect the concentrations of selected DBPs. The health risk assessment model recommended
by the US Environmental Protection Agency (USEPA) was utilized to evaluate the health risks of
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water DBPs through ingestion, inhalation, and dermal contact among different populations.

[Results] Trichloromethane, bromodichloromethane, dibromochloromethane, dichloroacetic acid, and trichloroacetic acid were positive
in source water. The concentrations of DBPs in finished water met the Standards for drinking water quality (GB/T 5749—2006). The total
concentrations of halomethanes, haloacetonitriles, and haloacetic acids in finished water were 8.8-23.5, ND-6.76, and 3.99-14.43 pg-L?,
and the concentration of trichloromethane was the highest, 5.58-12.74 pg-L?, followed by bromodichloromethane, dichloroacetic acid, and
trichloroacetic acid, with concentrations of ND-5.84, 1.72-6.43, and 0.50-5.43 ug-L?, respectively. Dichloroacetonitrile and bromoacetonitrile
were the main haloacetonitrile, with concentrations of ND-2.17 and ND-1.90 ug-L™, respectively. The carcinogenic risks caused by DBPs in the
finished water from the three water plants to men, women, and the whole population ranged from 7.25x10°-2.53x10°, mainly contributed
by bromodichloromethane, trichloroacetic acid, and dibromochloromethane, while the non-carcinogenic risks were 0.03-0.06, mainly
from trichloromethane, dichloroacetic acid, and dibromochloromethane. The main risk source was from the ingestion route, accounting
for 58%-66% and 55%-61% of the total carcinogenic and non-carcinogenic risks.

[Conclusion] Trichloromethane, bromodichloromethane, dichloroacetic acid, and trichloroacetic acid are the main DBPs in the finished water of
Shanghai water plants. Ingestion route is the main source of lifetime carcinogenic and non-carcinogenic risks. The total carcinogenic risk of various
DBPs is higher than the low risk level defined by the US Environmental Protection Agency, which suggests that more attention should be paid to DBPs.

Keywords: disinfection by-products; drinking water; health risk; risk assessment

RAKESEARIKPAE. mSsNERFE,
WER0MERBENAETESHZ—Y, BREER
BXKESIERRAFTEESRIFY (disinfection by-
products, DBPs), 125 A1E, 831 700 F DBPs EAETE
H P, 2 DAY 4% DBPs S =X B 5 (trihalomethanes,
THMs). X Z B2 (haloacetic acids, HAAs) , LI IE=
THIX ZBE (haloacetonitriles, HANs) . X1CERSF, Bt
5UERER, THMs F1HAAs E B B £, AJ BE3 {7 DNA,
IR E BN, 5| EaiERRERN
ZEt, Bal, EEFERIFE (Environmental
Protection Agency, EPA) E B THMs 1 = & B fx
(trichloromethane, TCM) FEX /I B14H (AKIEEGRR
RIEEY)) , B—R _SH 5t (bromodichloromethane,
BDCM) FI= RE % (tribromomethane, TBM) E X 7
B2 A (Eh#) R EIE T B BRI BE A FEBUEYD) o HANS
NEUZEE TR, BEEGMARBEAERES
MRRDBFIRER S FEBEN BAKIEHE
S0ABRLERABNMNRLE, #MMEDRE
DBPs (V4K , EEMAERVEST A, (BEEXLHE
FHAEFE—LIEZIE DBPs YA R DBPs, i Eft
RRAEESMEIZAK TR DBPs Y FILEZRETE
NZIENIEZIEDBPs KEREFENREEXNCAER
BEEE N,

EERAMRIT B TFIFRE ERARNER TN,
ERASREBURERIESEFIENEEZEM,
K DBPs B 3 MNBRBERR, BELOBNER, T
B K TR RIEFSKENPHNERKRBREIRR
T E R NIRRT Wang B 3T 754 88 MR
BAKAIE A s MEKARFZEMKETHMs BE~E
AR EBUR X AEBUEX IS R ER, SBUE

X T EPARIPRIE, EESIEEE M. LAEXT DBPs
NI EZRERTF THMs WERORE, HTZY
i, ZR8BFERFHDBPs AR, BIEFRMRZ KT
LW IR % DBPs JB & 5 58 BV & B XU P i A
Fo XAREENE LBHARIRAMKESIZ=4%
89 DBPs 7K, BFE 9 FxER e (halomethanes, HMs)
10 # HANs F1 10 7 HAAs, HRHE EPA HEZF BV 2R XIPG
TGRS, I3ER9) DBPs YRR X Pe #1711 H,

1 MEERZE
1.1 FERFSNE

A=K (THM,) JBHR [TCM. BDCM, ZR—
£ B J5t (dibromochloromethane, DBCM). TBM, [fi =
REF2g L] oMK ZER (HAA,) JBAR [—RZER
(monochloroacetic acid, CAA) . —SRZER (dichloroacetic
acid, DCAA). =& Z F& (trichloroacetic acid, TCAA) .
— R Z & (monobromoacetic acid, BAA). — R Z &
(dibromoacetic acid, DBAA) . =R Z & (tribromoacetic
acid, TBAA) . JREZER (bromochloroacetic acid, BCAA) .
R — & Z B (bromodichloroacetic acid, BDCAA). —
R —S ZB& (dibromochloroacetic acid, CDBAA) , R &
REN 2] WWEEE 02si AB), M7, MR, 2
REE. 1, 2-ZRAk. SR Z8IHE =82
fE. R TR, S BIRRZSH. RS
8. REERRE M B X [E Sigma-Aldrich A8, =
ROE. ZR—MBER, TR—MBR, —RTHE
I REARR R —RTZ&EIE. ZR—8
ZBE. MZ BB B EE cFrw /B, BEMT EREE
EE Merck 28], T/KRERTH. RIRERM B PEEZ,
GC-2010 PLUS U SHEEIBECEE FFIRIQNIZE (B A SE
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NED) , EAEEILHE :DB-1MS (30mx0.25pumx0.25mm)
DB-1701 (30mx0.25 umx0.25mm) (ZE[E Agilent AF]) o
1.2 KERESHN

F2020F9-108X EiBH3INKE (KShH
QCS. JZ. CH) FLLIX 3 PNIKEEK A ACGEIKET 3 K
(XS A IH. QP HT) BHITKEERE. JH HTK A
EHAETZ, SFENK. B REIE. aP B
KoK RESEREMAW. RETUE. &M &K H
FRELREBTZ, 31K WAHRIEES. KRB GB/T
5750—2006 { £ JE IR KR ER IR 75 75D BURIEE S &
RENCRKFHT KK, PR RE6 D TFITH,
FMkFEeomL, H36KIF, HFREFT4°C, 3
FFFE 10 h REHTRIAE, ERSEGRIERBEFZ
KA BRFHITYI R D47, 7] DBPs B IR 575 M
M1 IR 10 7K 50 DBPs BY R {E S £ GB/T 5749—
2006 {4 ETRAK BEARA) At R B4R (World
Health Organization, WHO) /NI{E,

&1 FEIESEIFYIRIIES ARG & M

Table 1 Pre-treatment methods and detection conditions of DBPs

B8 O e
e EIpSES Iniector (mLmin™) FRIER
Pre-treatment ) .~ Colume flow/ Temperature program
DBPs temperature/°C o
(mL'min™)
R TRAREEEY 45°C, 10min ; 10°C -min™
HMs e Liquid-liquid 230 1.3 F+ZE 145°C, 2min ;
extraction 25°C -min™ F+Z 250°C, 3min
7 TRREEEY 35°C, 5min ; 5°C -min” A&
HAN B Liquid-liquid 230 1.0 110°C, 1min ; 30°C ‘min’
extraction FZ 250°C, 2min
zﬁzpﬁi-m 40°C, 10min ; 5°C -min” #
RZB T Z80°C, 2min ; 20°C ‘min’
Liquid-liquid 210 1.4 o .
HAA extraction- F+ZE 215°C, 2min ;
T 30°C ‘min” F+Z 250°C, 2min
derivatization

[CE] ERMBEMFILIES ESE cPAEENX IR, XM, [
IR E. HEAMNEIEEMG | NS E 290°C, HEREW
SABARS (>99.99%) , FIEIT 30mLmin?, ROFRBHE, #
B8 1ul

[Note] Refer to the pre-treatment methods of halomethanes, haloacetonitriles,

and haloacetic acids recommended by EPA. Common chromatographic
conditions: detector temperature, 290°C ; carrier gas and make-up
gas, high purity nitrogen (>99.99%); flow rate, 30 mL:min™; sample
volume, 1 uL; without split injection.

1.3 FREEH

FKAWIRETEE, HMs. HAAs. HANs i R4 5/
£ 0.001~0.07. 0.01~0.08. 0.01~0.26 pg-L* Z [8l, HOAR
B E 7 81.96%~112.01%, HEXI IR AERE <8.7%, 35
B EPAE R, HMmEERQNN 7T 5+ mA
LRETAESR, SEMRI0MERDT—RT A
&, B 15 MERO T —RIARE R 5 pg L IR ER,

SNFRNERTBHELEIERHFITER, URIE
KM 5 R B

1.4 BEREIEE

1.41 Z2EFJENG XTF oBPs BEREELEO
BN BB IZAA IR E R NIR R AT AR bR
THM,. DCAA. TCAA SN, E 4R A= IERE R E
TEREERENSEE, FILLARREEIT THM,.
DCAA. TCAA 3 1T B0 X B 1 . 3T 5 TCM. BDCM.
DBCM. TBM £ W18 B2 Bk AN ML IR 8 iR 2 = £ R R
FEXBS ; BT DCAA. TCAAJLFERIEX., (NEEREZH
W& B AERBENK, TEAEWNT

RCR=mxf (1)

RCRzmingx ing+mderxfder+minhxfinh (2)
Pyx VX Fee X tep X1

g wX VX Fee X Tep X /e (3)
Mgy X tar

PyyX e X FX Fep X tep X SeaX ter X e

Mger= (4)

Mgy X tar

P X Vigh X Feg X tep X Vg X ter X e

Minh= (5)

Mew X tar

AR (1) ~ (5) B, R RNEEBENXIG, fHRE
ERERF, mBFERBERRE CHLE. B MK
) WIEMEBAE, B mg (kgd) Yo Mg Maern
M DR RREZ BB, REAMMPIRENIENEBIE
ANE, B4 mg (kgd) *; ngs Saders fion 73 31 RIRE
SHILE. RBFIME IR E R ENEERERF, 84 :
mg- (kg-d) *; pw W H T 7k H & DBPs R E IR E Y E,
B pglt; VW NERBIKE, B : Ld?; Fe
NBEINE | to NBBEIFENE, B . d; e N
R (0.001L1m?) ; mew N ERFIEKE, B
kg ; ta NI RBETIE], BAL: d; he RNEBKEIE
R, B cm-h?  FRINE BRIZRRKBIEE B (90%) 5
S IRRRRRER, B :m? ;to NS B RERTE], 811 :
h-d*; p, A= S HDBPs IR ERE, B : mgL?,
p.= (o+o) /2, Po RINESH A DBPs IR 2R E,
B0, p RNERNBIZTSHDBPs WRERE, &K
ISR 10min ;) Vi, - SEMERE, 841 m>d?;
Vae YDA URZEER (50%) o

TREL R Vivs Mawn Soan ters Vi BIER B (P E A
HEESHFM (ALY EBHXHNSITE
1B, E L ESmHREEmIT, BMe1.25%, ki
86.08 % 9, HRBHKETF epA, BYFEER
KRFHMERBBRIBNE 2
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R2 =HRIENRZBEENERT (). 8EZFE (M)
MR RREEREL (Ioc)
Table 2 Cancer slope factor (f), reference dose (m’w), and
permeability coefficient (/sc) of trihalomethanes and haloacetic acids

YIRBT Fre & fae/ fonf Mo/ ;

Substance (mgkg™d™)  (mgkg™d®) (mgkg™d?) e
=SBkt (Tcm) 0.0061 0.0810 0.010 0.006 83
—R & Fkx (BDCM) 0.062 0.1300 0.020 0.00402
ZIR—S Rk (DBCM) 0.084 0.0950 0.020 0.00289
=3REE (TBM) 0.0079 0.0039 0.020 0.00260
ZRZF (DCAA) 0.05 — 0.004 0.00190
=528 (TCAA) 0.067 0.020 0.00190

HAAs B9 2 3R FE 7 8.8~23.5. ND~6.76. 3.99~14.43 ug-L%,
HohTeMIRERS (5.58~12.74pgL?) , EXIBDCM.
DCAA. TCAA, K E 53 5 /J ND~5.84, 1.72~6.43. 0.50~
5.43 pg-L's HANs LA DCAN FIBAN N E, RE S FI N
ND~2.17. ND~1.90 pg-Lts EHE M IE T Z I THFIIH
#3 LiEH3MKEKBEKPRIGE DBPs &£ (n=6, x*ts)

Table 3 DBPs levels in source water of 3 reservoirs in Shanghai

U] fies foern fon DRIRTYIBZHIE . R AR IRIE £ BB 002 ER
ERHF. — : THE,
[Note] fing, fuaer and finn are cancer slope factors of exposure through
ingestion, inhalation, and dermal contact. —: Not available.

1.4.2 AFEUENG  JEBEXBREEIEE (hazard
index, Ru) ", ITEFE !
Ru=m/m’ g (6)
(6) XF : mBARBEZRRIT CELE. Bk T
iE) B8 HBANE, B mg (kgd) ™ M
BEFIE, B : mg (kg-d) o BRIAIRBSHEZYIR
HBEFNEWMER 2R, BERETFePAL, BEIX
TRZEE. —_SZBEEEAEENSEREY, A
0.008. 0.02mg: (kg-d)
1.4.3 WHO INAIES 52 (o) WHOEZFLUNIAIS
MEIEEL (o) TS M, FHLAH T TCM. BDCM,
DBCM. TBM BYENE, I+EHERN :

IWHO: pTCM+pDBCM+pBDCM+pTBM (7)
p,TCM+p’DBCM+p'BDCM+p'TBM

(7) AP p AR YRNRERE (ugl?) 5 0’
79 WHO & M {& (TCM : 300 pg-L*, DBCM : 100 pg-L?,
BDCM : 60ug-L?, TBM : 100pug-L?),
1.5 FHitFE SR

IR A ER IR (5 A Excel 2016 3014, LB fEA
GraphPad Prism 8.0, #1731/ Stata 13.0 ; XY R[E
KT H T /KB DBPs B E#HITH E DT, MAELIRE
FB Bonferroni &, #307K 4 a=0.5,

2 #R

2.1 HMs. HANs. HAAs 7E7KERFE KPS E
7K ;B 7K 5 B #& & TCM. BDCM. DBCM. DCAA.

TCAA (3R 3)o 3K HI kA4 25 # DBPs, E R

Z1THI THM, (TCM. BDCM. DBCM. TBM) #1 DCAA.

TCAA 3K FE $51 T GB/T 5749—2006 { £ 5E IR FA 7K B4

) BR1E, 1 IERIER 4 I KA THMs. HANSs,

(n=6, x+s)
AL (Unit) : pgL?

Lloe=g CH7KE QCs 7K JE JZIKEE

Substance CH reservoir QCS reservoir JZ reservoir
=88z (Tcm) 2.07+1.12 ND 2.57+0.85
— RSBz (BDCM) 0.030.05 0.0240.05 0.030.07
ZIR—S Bz (DBCM) 0.23£0.22 0.1940.39 0.43#0.49
TS (DCAA) ND 0.06+0.13 ND
=RZ. (TCAA) 0.04£0.03 0.13+0.07 0.26%0.08

[3E (Note) ] ND : k1@t (Not detected) o

R4 LiEH3HRKHITKHP DBPsHIEE (n1=6, xts)
Table 4 DBPs levels in finished water of 3 water plants in
Shanghai (n=6, xts)

BB (Unit) : pgLl®

MIRETR HT 7K™ JHIKT™ QP K[~ TR{E

Substance HT water plant JH water plant QP water plant  Limit
=S (TCm) 10.40%2.38 9.51+1.13 6.29+0.95  60°, 300°
—RTS Bz (BDCM)  5.27:0.45 3.91+0.61 1.56+1.45  100°, 60°
“R—S Mz (DBCM)  1.80+0.60 6.45+0.94 0.91%¥0.59  60°, 100
SRk (DCm) 1.47+0.11 1.94+0.30 0.62+0.58 —
=IRELE (TBM) 0.04+0.07 2.16+0.39 ND 100™°
SRS T (BCIM) 2.51+0.20 8.34+0.86 0.110.10 —
ZIR—HAR T (DBIM) ND 0.43+0.09 ND -
—R MRk (BDIM) ND ND ND =
Ty (IF) ND 0.01£0.01 0.01£0.02 -
=R (TCAN) ND ND ND =
SUZ B (CAN) 0.01£0.01 0 0.02+0.01 —
ZSZHE (DCAN) 0.8140.06 0.78+1.08 0.15+0.01 20°
—RTSZHE (BDCAN)  0.25:0.01 0.04+0.06 0.21+0.01 —
SRZAE (BAN) 0.04+0.01 1.08+0.99 0.02+0.01 -
SREZBE (BCAN) 0.31£0.03 ND 0.35£0.03 -
TJR—S 285 (DBCAN)  1.76+0.11 ND 0.530.10 —
ZIRZHE (DBAN) ND ND 0.38+0.03 70°
MZAE (IAN) ND 0.18+0.41 ND =
=IRZHE (TBAN) 0.82+0.06 0.68+0.94 0.97+0.06 —
—SZE (CAA) ND ND ND 20°
—RZE% (BAA) ND 0.2410.03 0 —
ZSZ (DCAA) 3.83+1.28 1.74%0.02 2.14+0.14 50"°
=RZE (TCAA) 5.24+0.10 0.76+0.03 0.63+0.22  100°, 200°

BZ B (IAA) ND ND ND =

REZE (BCAA) 1.40£0.57 2.66+0.08 0.68+0.37 -
—E_SZF (BDCAA)  1.92#0.11 1.1340.05 ND —
ZIRZE (DBAA) 0.04£0.10 2.9740.06 ND —
ZR—S 2 (CDBAA)  0.52:0.05 1.74+0.07 0.10+0.04 —
=IRZE (TBAA) ND 2.2740.53 ND —
EIND : R Ho —: T¥1E ; a: GB/T 5749—2006 PR EE ; b :
WHO [REBo
[Note] ND: Not detected. —: Not available; a: GB/T 5749-2006 limits; b:
WHO limits.
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KITHT KB THM. HAAs S 2 TAITEESR, S
ZARENBTZHaPK B KR THV.. HAAS &=
EREFITFENX (P<0.05),

SHRIER=SR k. ST B, K H KFF=
4 B XU FS BY DBPs 3 /2 DBCM. BDCM. TCAA, f%
S1E 9 35 1.37x10°, 1.10x10°. 5.37x10° ; W F L

M, 3N KT KB IHK FAENREEXNN RS
(2.25x10°) , QP 7K~ &1k (7.25%x10°) , PlER 5, 37K
[THITKPHAENEERBEFENBENX MR
=, aSBUEXFZRY 58%~66%.

2.2 RN

221 ZEEYRMOFE 35K BT KHEY DBPs
TBEM. T REe AB SRR 7.25%10°%
2.53x10°, FEH—RZEBIR. Z8 IR ZR—

®5 _Eid™ 350K Ik DBPs BEBERLITM AR

Table 5 Incremental lifetime cancer risk of DBPs in finished water of three water plants in Shanghai

YRR R HT 7KJ~ (HT water plant) JHIK~ (JH water plant) QP 7KJ~ (QP water plant)

Substance 2 ABf (Total) 58 (Males) % (Females) 2 ABf (Total) 58 (Males) % (Females) £ AEf (Total) 5 (Males) % (Females)
=8 FR (Tem) 1.03x10° 1.07x10° 9.67x10” 9.34x10” 9.76x10" 8.80x10” 6.18x10” 6.46x10" 5.82x10”
—R_SH 5z (BDCM) 1.05x10° 1.10x10° 9.82x10° 7.78x10° 8.19x10° 7.29x10° 3.11x10° 3.27x10° 2.92x10°
ZR—SHkx (DBCM) 3.63x10° 3.82x10° 3.40x10° 1.30x10° 1.37x10° 1.22x10° 1.83x10° 1.93x10° 1.72x10°
=SREYE (TBM) 6.21x10° 6.54x10° 5.81x10° 3.19x107 3.36x107 2.99x107 - - -
ZSZ 8 (DCAA) 2.78x10° 2.93x10° 2.60x10° 1.26x10° 1.33x10° 1.18x10° 1.55x10° 1.63x10° 1.45x10°
=SB (TCAA) 5.09x10° 5.37x10° 4.77x10° 7.41x10”7 7.85x107 6.94x10”7 6.14x107 6.48x107 5.75x10”
&1t (Total) 2.30x10° 2.42x10° 2.16x10° 2.40x10° 2.53x10° 2.25x10° 7.72x10° 8.14x10° 7.25x10°

[7E (Note) ] — : E#ME (Not available)

222 AFFUENITE ARBRBERETERET I
JK[ H [~ 7K DBPs 7= 4 BY R S0 & 1 B 7me 317K HY
|7 7KFRA DBPs RIHKIE. RRRK. MEIRIEIRIEX 2 ABF=
SRR IEBENFL A 0.03~0.06, LUEWERE~E
BAEBEXG & 2 XL flERE (55%~61%). TCM 5|
M IERE XL RS (0.02070.034) , E XA DCAA.
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[Note] DCAN: Dichloroacetonitrile; DBAN: Dibromoacetonitrile; TCAA:

Trichloroacetic acid; DCAA: Dichloroacetic acid; TBM: Tribromomenthane;
DBCM: Dibromochloromethane; BDCM: Bromodichloromethane;
TCM: Trichloromethane; HT, JH, and QP are water plants.

Bl L5 3K H 7k DBPs REIZEFFRIEBUEN

Figure 1 Non-carcinogenic risks of DBPs in finished water of three
water plants from different exposure routes in Shanghai
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