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Effects of Bromide Ions on Formation and Cancer Risk of THMs
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Abstract; Effects of bromide ion and pH on the formation and cancer risk of trihalomethanes
(THMs) , including CHCI,, CHCL,Br, CHCIBr, and CHBr;, were investigated. The fulvic acid (FA)
was used as the disinfection by-products ( DBPs) model precursor. Results showed that the amount of
THMs and the bromine incorporation in THMs increased with the increase of Br™ concentration. The
cancer risk level of THMs in FA was maximized when the concentration of Br~ was 10 mg/L. The pro-
duction of THMs increased with the increase of pH, n(Br) 1. and the cancer risk level of THMs both
showed decreasing trends after initial increase with the increase of pH. The amount of THMs, n(Br) .
and cancer risk level of THMs were further investigated in regard with the molecule weight fractions. The
molecular weight > 100 ku fraction showed the largest THMs yield and the maximum cancer risk, while
the other fractions demonstrated similar THMs yield and cancer risk.

Key words: chlorination disinfection; bromide ion; trihalomethanes; cancer risk; pH value

THTEVE KA B B AN AT BB I iz BR TR SEBUAL , KR rp il e 7t 2 4%
R NI R IR G W e o (DAED 3 B SR DBPs 9P K8 o Duong % A K 8 5 I
H I EERI Y (DBPs) (AR e F 5 R T AT s TR & B, K M Bro W BEIA 3 T 50 ~

EWE: AtASSFRAFRAFETA (QN2014081)
BIEEE: T8 E — mail : tdhjlj@ 163. com

<45 .



H34 K H23H

P OE R HE oK

www. watergasheat. com

140 pg/L, 45 = 5 Fl %t (THMs ) iR AR ) ot &5 1
3% 80% LA 1" T3 LA R 10 A 12 A
Wi SAATH 3 K 0. PR, TR ADE ST AL TH 72
AR PSR A R DL RAT A B

EH LU IR (FA) BHUKRIRA WL, DTS T 75
L FE R Br e AN pH R = pa Y Be AR i (21 0000
A A RS B2, I 20E— 25 70 AN [ 23 o i
(4 FA 7EW R B A= i THMSs (1500, B 75 TR 45
] THMs A2 B A R XURS: (19 PR 3R M ik

1 A o ok
1.1 RXFFn{Es

A BRACHER A (GR) JRALHN (AR) (IR R
BICAR) (HELRUT SEfk (035 46) \ THMs F75 #E B
( CHCI, ,CHCI,Br ,CHCIBr, ,CHBr; ) .

KX #% : TOC — VCPH #1 TOC il 5% . pHSJ -
4A 5% pH i1 UV - 5800PC 4540 0] WLy G BE T
7890B GC — ECD S AH (%L

R U8 B R ] 36 [ millipore 23 H] [ 8 U8 AR
(8200, UFSC20001 ) Je A UE B AL , AR B2 43+ Bt it
43514 100 30 .10 .5 ku,

1.2 A&

FA BCE SN TR o LU 4l K i il it
BKFE, 25 0.45 pm G FLUE B L 38 [ DOC 2 (6 +
0.5) mg/L1J5 , AR R EL 28 w15 S W il pH
(B, FFAIN—E WY Br ™ B J5 A NaClO(CL,: DOC
H6 1) FE25 CH&M T RGN 24 h J5 AEACH
FRAM 21k B I, SR FH W0V 2 B — =0 AH 8 335 75 A
THMs A= 55, 4 75 35 ). USEPA Method 551. 1,

R E IR THMs (1) 5Tk , >R FHVRAR BT ik A+
[ n(Br) gy | HHEATR AR

3
> nCHCI, _,Br,

=0
n(Br) THMs — - 3

E,OCHCI3 _.Br,

b, B BT FE AL 0 wmol/L, 4 THMs
A CHCLy B, 0 (Br) gy, % BEE IR AU 55
I, 1 (Br)  BUEAWTHE 1

R 56 [ P10 e AR R e B30 IXURG: DA 7
2504 THMs %) A ZEAE RS20, 5 THMs 20k X
[ ( TTHMs Cancer Risk) % 77315

(1)

3
TTHMs Cancer Risk = goRiskcHC]L”Br” (2)
P THMs (9 8008 KBS T F
Risk e,y =CDI, x SF, (3)

2rf, SF, Al THMs 119 78 808 AR T,
CHCL, . CHCL,Br, CHCIBr, il CHBr, f SF 43 % Jy
0.006 1.0.062 0.0.084 0 1 0.007 9 kg - d/mg;
CDI, A THMs 3 1o T P A2 iY SR R o e H 35
RN, mg/ (kg - d)

CW x IR x EF x ED )

BW x AT

1 : CW gl THMs ¥R B2, mg/L; TR S 1R0K
AT, 2.0 L/d; EF 288008, d/4F  ED 2%
FFa], 70 4 BW g AT i, JBOSAE 55 1 70
kg; AT SR T HIF A, BL 70 x365 d°'

2 ZR 5%
2.1 Br iKEEX THMs H92400

Br™ X} THMs A= {5 Fil n( Br) s U5 Mo 4 & 1
IR

CDL =

600 | -= CHCl; - CHCLBr -+ CHCIBr, -+ CHBr;
500 b THMs &
£ 400
= 300 f
=
H 200
§
£ 100}
F I
0 5 10 15 20 25
Brif £/ (mg- L)
a. % THMs Az il H 9 5% i
30}
2.5
220
£ 15
S0t
0.5
0 5 10 15 20 25
Brif &/ (mg-1.7")
b. X‘JA n’<Br>'I'HM,\ Eg ?‘3 "ﬁ
1 Br iREXT THMS &R ZF0 n( Br) 1y B9S2 0

Fig.1 Effect of Br~ on THMs and n(Br) g

H & 1 A0, THMs S bl Br ™ ¥R BE A S T
AW, 2476 Br- fE{E AT, THMs G524 109. 9
we/L, 2% Br YL F] 15 mg/L if, THMs a5t ik 5
519.5 wg/L,J2 A& Br W) 4. 73 £%; i Br ™ Wi
i — 03K, THMs 38 fin sl SR B 0 AR 2%, 4 Br™ ¥R BE
425 mg/L fif, THMs {23k %) 551. 1 pe/L. B
& Br BYXEIN , n(Br) gy ASKIEE N, 24 Br MR EEIA
5] 15 mg/L L FIE,n(Br) g (HA R TR, X

< 46 -



www. watergasheat. com

X) 5 E R BT TR A R B IE R 6 v

#3345 FH23H

FEIEM T E A AN i # i, NaClo 57K Br-
R AR JF RN, A R TR R s R IR R L, BT
BrO ™~ F1 C10 ™ 0] 547 L4y & A= S vy, AH 2 g i 8
AR B, R - A TR R R
i, [BrO ™ J/[ClO™ | {H£s/™H 520 THMs (1445 pl it
TR AT B B e BER I, B 4 3
AW N, 78 THMs Jo 2 B R E 36 K5 24 Br/
Cl {H ik 5| —Z VL5 , HBrO (34 e 11k Bk,
FEHE N Br ™ Y FE X THMs B i (5% i A8 55

t—25 50 B Br™ Wk X THMs 41 5% 4 5 1) 52
M), Z5SRFH],BEHE Br WREE AN, CHCL, & &4
Wi TR, 78 Br Y€ =5 mg/L B, CHCL, & & JL TN
%, CHCL, Br VR FE Bifi 45 Br ™ Wk B A 384 in 422 B 4 384 n
JE /> S, #E Br M2 1 mg/L B, CHCL,Br
Az il TR B B KB ; CHCIBr, A 52 B #a 3, 78
Br VA 5 mg/L B3k 8 e K ; CHBr, 14 it
B Br™ ARG INTIRESER N . X B2 TREE Bro
e E RS, HC10 1 HBrO 22 [ H4 31576 HLA 2 1 14
e, EALRI Y CHCL, 3% 8k IR ERA , CHCL, Br F11
CHCIBr, it f 285475 2 CHBry , G467 W) 4 1 1
ST AR T 0 558 . 9 BIFSE Br 4 THMs 41
JRFEM , LA n(Br) gy, 2678 IR4C THMs 7€ £ THMs
LG, LA In(CL/Br) 7R 7K HCIO il HBrO
el 5 20 B n (Br) gy, A1 In (CL/Br) Z [A] 1Y 5
R R T Z A — s PR S B
JEy=—-0.557x +3.546 5(R* =0.983 9) , 2B 7£—
TESRMET, CU/Br (HA A B n(Br) g JEAL, %45
5 Westerhoff 25 A B S5 HIL o

H T THMs 28 8% i I\ 8 B 9 o, A o %o
THMs 5| 2 i (g e XU 647 T PP, 5 R an sl 2 B
o WTLLE H, BEAE Bro MR EEHE S, THMs S350 X
B AEARWE N, >4 Br™ RS 1 mg/L B, U
UG IR 1.9 x 10 34 Hn 38 28. 2 x 10 77, Sy XU 8
KRB Bro WREEAE 1 ~5 mg/L Z [H]B, BU
AT 19.3 x 107324 Br ¥R ALE 5 ~ 10
mg/ L 22 [ ], 35008 KU BUO(E FEAS 445 AN 48 5 > Br-
e Ak S 38 At B0 XU G I R R X R
i T THMs 1 CHCL, Br 1 CHCIBr, B4 % 5 i 8
FERFR 1M CHCL, F1 CHBr, BB APR I 745
/N, Y4 B W BEARARAS 360 Br Mk, 23 CHCL,Br
A1 CHCIBr, & 530, 38 Rz b K AR Sl Ak 71 55 14 2L

T RS 5 171 24 Br ™ Wk BEAR Ry B, Ak 7= ) A6
CHBr , [ M {75 35008 KU B AR, i T K2R 7K ik
Br kL TE0.01 ~6.00 mg/L Ju ", o H &
RACKIEH Br™ W BE 2 0 A e 1 mg/L LU, At
TE ST IR IR K AL B i vy, P A 42 ) B AIR Br™ ¥k
JE AT A SR AV SR i T R I B XU . (BT
e Bro BYZKAA, B0 Br ™ vk B2 ) AT R s R AR S AL
TH B 1 B0 XU

50

THMs 20 KUK /107
[\] (98] Py
(=] (=] o

—_
S

10 15 20 25
Brif¢ B/ (mg- L)

o_
W

B2 BroiREEXF THMs 2B KU &Y 5400
Fig.2  Effect of Br™ on total cancer risk of THMs
2.2 pH{EXF THMs K500 R B KU ¥ 44
pH (4.9 ~11.2 A THMs A= J i % Hi 20 1
mE 3 fis .,

_.350r WCHCl; ®CHCLBr ®CHCIBr, @ CHBr;
0 300} ®THMs &kt

2250t

49 7.0 7.8 9.9 112
pH i
a. X THMs Az J8 3k 14 5% 1

n(Br)m,
5 G

4
=)

I
=

5 6 7 8 9 10 11 12
pH f
b. X5 2 (Br) . (15 1

3 pH fEx$ THMs & RLEFN 1(Br) 1y, HIFNE
Fig.3 Effect of pH on THMs concentration and n(Br) .
H & 3 (a) nJ 1, THMs 56 fifi pH (B 38 A 1M 184
TSR R A M S — B, BRI,



H34 K H23H

P OE R HE oK

www. watergasheat. com

THMs (i {44 4544 3y R—CO—CX,, DBPs HLiA 1)
TE R R R JEH pH (EJ0E 0, FEBLE S5 0F T Bt
AR RN T, A T B £ THMs,, 78 pH
4 4.9.7.0.7.8.9.9 Fl11.2 i}, CHCL, A= i 24y
Wl THMs B 27. 8% (18.8% 17.8% .10. 4%
M15.2% , ] WL, CHCL, (5 HUREE pH (E R3S &2 3
SekEALE R R
R T #E—2 5081 Br fEANTA] pH A 2% 44 F Xt
THMs 2H B 5200, BF 5T n ( Br) gy, Bl SO0 R 5 pH
EAE L, HIE 3 (b) AT, n( Br) g,y Fi#F pH {EHY
Fm BRI EE . X 2H T pH EHE
M FA FEAL R BT A FA 1R S B8k 4 55 8 , 76 g
PR T B AR B 22 MK M o5 BB pH (E T
1, FA R ARV, 30 FA SRR PERG 5 5 i
R BYESRMT KW Et S EEUEA
B AR R e 71 i HCIO 774, HCIO ¥ Br %]
b HBrO, 4% HBrO HA7 & T HCIO 1y Hu /A
71 BT HCIO (HBrO 587K A HL4) S0 fig 1134
BAR, B M 554 T A A > i THMSs; i %5 pH
BT, B4R HCIO & 538, HBrO & & /b, K fiff
JGH FA 5 T 5 CIO~ Fl BrO ™~ B A i, AR i T B
Z 1) THMs , {HJ& BrO ~ %% C10 ~ HAT B & 4 i 1k
e, B 5 T 5 37K 8 4 S E, DA T A1 gk 954X 9 A=
J§,n(Br) gy 38R S BE— 2R 5 pH {H, ClO™ &%
SEIGIN, BT BrO T & b AR A
B BRI P i LRI
El 4 JAN[E] pH {E 25 F T FA P24 (% THMs 3
P AU o
60 |
g 50}
&
%i:f 20 +
0

4 5 6 7 8 9 10 11 12

pH {4
4 pH{EXT THMs 29z KUK i 22 i
Fig.4 Effect of pH on cancer risk of THMs
Hi 1 4 n] g, B AL pH E AHE R, o XU
AW 24 pH (A F] 9. 9 B, B KUK 15 31
R, MG S0 XU 2 pH (B 4.9 W1 2. 8 A s B
pH {E#E— B34 K, BUi XU B T AR, A [ FA

TEORMEFREE T S0 A By THMs 250 KU BH i KT
FRYEIASE . PRI, FE BV KK AT B fR 4%
ili& Y pH (HRA B2 X,
2.3 AEHFHRE FA B THMs £ IER

Ry itt— 25 Br™ Xt FA 5200, AN [R] 43 i
it FA 1) THMs A= iU LEA T 500 o A5 SRR, IR
BPWREEN 1 mg/L i, AR+ Bi &t FA ) THMs
AR BB AN TR : 2 FA 4y & > 100,30 ~
100,10 ~30.5 ~ 10, <5 ku B}, THMs 4 5343 51K
0.26.0.21.0.22.0.23 F10.21 wmol/mgC, A] I, FA
Sy FIE i > 100 ku i THMs 2k i385 K. 78 4 F
THMs 4345 1 &30 : AR 73 i FA 1Y CHBr, 723
AR [R5 43+ Bt > 100 ku ) FA 774 CHCIBr,
s K, HoAth B 53 AH 25 4 K i CHCL, A1 CHCL,Br
PR K /NEA IR > 100 .5 ~ 10,30 ~ 100,10 ~ 30,
<5 ku W3R IUTHEAG . ARG FA 1Y
n(Br) y [BAR L, FA 530 FF &~ 30 ~100 ku il <5
ku I BATEKAY 0 (Br) gy, , 73900 9 1. 22 1 1. 23,
HAtb 737 B G FIH n(Br) gy [HH 0 115, DL E
AU, FA 19 THMs FIVRACH) 5T AR B (038 5 H
SRR/ E IR, ARG FE FA K
SHhA] WLOGTE AT, 4y F s > 1005 ~ 10,30 ~
100,10 ~30 Fl <5 ku f) FA () SUVA 4351k 4. 27 .
4.26.3.27.3.73 f12.87 L/(em - mg),SUVA 5
THMs A R 2 [ JC4 G R, IZ 45185 White 58 A
ZE I A — | I T A [F) 431 42 ) U
ALY, HE5HAE RE A A —2L,

FA 43F i > 100,30 ~ 100,10 ~30 .5 ~ 10, <
5 ku B, £ B9 THMs 09208 XU (E 5301 34. 2 x
107°.26.9x107° 27.5 x107°.29.0 x 10 ° £126. 6
x 10 7 1 THMs (808 XS FA (5> F G
FHCHME, FHodr, 43 F B fE > 100 ku % FA A 5y
THMs S0 KU AR 5, HAth 73 5 Bt (1) FA A2
(1) THMs s XU g A7 2200, ikl , 7R 7K b 33 72
T Bk = A AL T DA SR A T i 1 BUR
AU
3 #Zi

O A FE T THMs A9 A4 i 5 DL &
n(Br) . 23 Bl E KA Br ™ ¥ B2 B3 N 3G K, 4
Br ¥ ik 3 15 mg/L LI F B, THMs A= 5 & A
n(Br) W THFE . THMs B X Br ¥k
FERE ST R SRR . 5 Br ™ ¥R B e W] Sk 5 i

.48 .



www. watergasheat. com

X) AR, AR BT AT 2 R Tk A R R B U 64 R

#3345 FH23H

AALH R R THMs (1% 504 e Ao KU

@ TSI OK B S AL R A, THMs 2R 1
TR pH AR TGN, 1 (Br) gy, A1EUE XU Bl
& pH (EI R ST Jq B R A % Bk b 7e
PEFMRRTE IR, THMs A2l \n ( Br) gy, FIEUE
B

@ THMs 5 n(Br) gy MECUEKE 5 FA 1
Oy B TCAR N b, 207 Bt > 100 ku ) FA
HATAX R R THMs 7= AN E0R XK. ik, A
REBRK T o AT ALY, > THMs 69 4 A
REAR A 7K S0 XU A 2 7

S% 30k
U] MRSE, AR RS RARAK TP 8 X 0 it A o

RN AR L SR [T ].
(4):413 -419 .

Lin Li,Sun Weiling,Ni Jinren. Effects of ions in natural

M itk ,2004,23

water on formation of haloforms during chlorination of
drinking water [ J]. Environmental Chemistry,2004,23
(4) :413 =419 (in Chinese) .

Duong H A, Berg M, Hang H M, et al. Trihalomethane

formation by chlorination of ammonium and bromide-con-

(2]

taining groundwater in water supplies of Hanoi, Vietnam
[J]. Water Res,2003,37(13) ;3242 -3252.

B A R A XS, A TRl N KR IS
VA ML LR AT HLEF B oA WE s [ ] BREERY
#2245 ,2017,37(10) 13823 —3829.

Li Mengqi, Yang Chunfeng, Liu Lichao,et al. Studies on

(3]

the composition and organic structure of natural organic
matter in water and sediment of homologous area in arti-
ficial lake[ J]. Acta Scientiae Circumstantiae,2017,37
(10) ;3823 - 3829 (in Chinese).
[4] SymonsJ M,Kranser S W,Simms L. A, et al. Measure-
ment of THM and precursor concentrations revisited : The
effect of bromide ion[J]. J AWWA 1993 ,85(1) .51 -
62.
ot ie, £oe il & AR A K =l P e 2 &
T me g B B KU PR [ ] P R B IR 2 R,
2009,27(7) ;27 -30.
Yang Jiankang, Wang Qishan, Lu Jinfeng, et al. Human

[5]

health risk assessment on trihalomethanes with multiple
exposure pathways in drinking water [ J]. China Re-
sources Comprehensive Utilization,2009,27(7) ;27 —30
(in Chinese).

[ 6] Heller-Grossman L,Manka J, Limoni-Relis B,et al. For-

.49 .

(7]

[8]

(9]

[10]

(1]

[12]

mation and distribution of haloacetic acids, THM and
TOX in chlorination of bromide-rich lake water[ J]. Wa-
ter Res,1993,27(8) :1323 —1331.

B, B IR, % KRR EE T
RS R OrFE ], I g5k HEK ,2016,32(13) 142
-45.

Xu Peng, Yuan Xiaoming, Wu Zhaoyuan, et al. Competi-
tion of different halide ions in process of drinking water
disinfection[ J]. China Water & Wastewater, 2016, 32
(13) :42 —=45(in Chinese).

Westerhoff P,Chao P,Mash H. Reactivity of natural or-
ganic matter with aqueous chlorine and bromine [ J ].
Water Res,2004,38(6) ;1502 - 1513.

Flury M, Parritz A. Bromide in the natural environment
Occurrence and toxicity [ J]. J Environ Qual, 199322
(4).747 -758.

PRI, sk, 4 g, IR i 2R A =5 Y
BERIE IR B i R R P52 ], BRI A%, 2005, 24
(4).434 -437.

Chen Pingping, Zhang Jianying, Jin Jianyuan. Study on
the effect and formation of trihalomethanes and haloace-
tic ethyl acid in drinking waters [ J ]. Environmental
Chemistry ,2005,24(4) :434 —437 (in Chinese).
Reckhow D A, Singer P C. Chlorination byproducts in
drinking waters ; from formation potentials to finished wa-
ter concentrations[ J]. J AWWA,1990,82(4):173 -
180.

White D M, Garland D S, Narr J,et al. Natural organic
matter and DBP formation potential in Alaskan water

supplies[ J]. Water Res,2003,37(4) :939 —947.

EEE AT XSL# (1992 - ),

% ’
W 1) R KA B A
E - mail ;983995576 @ qq. com
WriE B #2018 - 05 - 11

LR ZEH A,
LA,



