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E . AL TURERTT T M) BORPAHY = 5 F b BT BE ( rihalomethane formation potential, THMFP) , PFAHAR A K I5K f
AU Mk, F 2013 421 2014 4EAN ] A BEA> FIRAEACTT AN ] BEAS ] 1 o (3R 2 /KR A 254 4. 254 AMFER 23 0. 45 um I
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3.30 x 10 ™ (Lotk) |, A SRAEE . THMs B0 X5 F USEPA HE2R XU BIAE (1.0 x 10 %) . PRYLIIRAS R 42, ALV i
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Risk Assessment of Trihalomethane Production Using the Beijiang River and the

Pearl River, Guangzhou as Drinking Water Sources

ZHONG Hui-zhou , WEI Chao-hai ”
(School of Environment and Energy,South China University of Technology , Guangzhou 510006, China)

Abstract: In order to investigate the risk of trihalomethane formation potential ( THMFP) in finished waters as drinking water sources,
70 samples, 114 samples, and 70 samples were collected in November 2013, April 2014 and July 2014, respectively from different
locations in the Beijiang River and the Pearl River. After filtration by 0.45 pm filter membrane, a total of 254 samples were
chlorinated using Uniform Formation Condition (UFC) method for determining their THM Formation Potential (THMFP). The cancer
risk and non-cancer risk of THMs were estimated using USEPA risk assessment model while dominant factors for total risk potential
were estimated using sensitivity analysis. Among four THM species, chloroform(CF) was the highest ranging from 101. 92-2 590. 85
pg-L™", followed by bromodichloromethane (BDCM) , dibromochloromethane ( DBCM ) and bromoform ( BF). Chloroform, the major
THMs speciation, accounted for 96. 17% of total THMs. Non-cancer and cancer risk from ingesting THMs was estimated. The result
indicated that non-cancer risk of THMs level ranged from 2. 03 x 10 ™7 to 1. 00 x 10 ~* and was not more than 1. 0 x 10 =, the minimum
or negligible non-cancer risk level defined by the USEPA. The average cancer risk of THMs was 2. 91 x 10 ~*for male and 3. 30 x 10 ~*
for female in the two rivers, respectively, exceeding the minimum or negligible risk level defined by the USEPA (1.0 x107%). The
difference of cancer risk between the two rivers was that BDCM ranging from 2. 50 x 10 *t0 6. 37 x 10 ~* was approximately twice that of
CF in Beijing River. BDCM played an important role in the total risk in the Beijiang River while CF played an important role in the
total risk in the Pearl River, Guangzhou. Sensitivity analysis showed that CF played an important role in the estimation of total risk
potential, and that the direct utilization of water sources from Beijiang River and the Pearl River Guangzhou is dangerous, thus
pretreatment is necessary before chlorination.

Key words : trihalomethanes ; surface water; distribution; risk; the Pearl River
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( bromodichloromethane, BDCM ), — & —J& H % N

( dibromochloromethane, DBCM ) Fl1 = J& H J%
(bromoform, BF) £ PN = X H k.

CVCRIERIL) M B Ak 7 | AR s AR S ]
7K AR K B I A B VL B U Sl A o SR g o R rh
A = e AR BRI AR, 2450 F
L 600 il 7 fl = 4 Rk BAES: Y BAT < =
ot RIS A R R R K 51
FORAUR RAY AR . BT, BN T ik
k= B e A= il ¥ BB ( trihalomethane formation
potential, THMFP ) B¢ 4 AR A 7K 5 1 % 30k i
WL, BT RIER VT K 2R 138 4 TS ) H
WFSEIE R Y HO G A 3R AR Y OC 2 | T AT 4200
I THMFP #9730 A FIRATA 0I5, 287 P 20
DRSSV A 3 2038 1 SR K T Kk (oK 5 it
KR P e R R ARSI
FKEPMRZE (USEPA ) #7519 XU 115 Bk i LAY
B, AR PE Kt R FH AU il v XURS: BF AR, BRI,
DAACTAIBRY L) M B oA K 5, X 25 27K
RS, AT THMEP (95304 , 3o U T E 52 e
SEATRFATIRIR THMs B0 KU TR0 XS, 257
S AU SO B0 U (52 DG & | LA A6 VA
IR BK R THMs WUESAS B (S 2%

1 HRETE

1.1 FEACRE

KRERFA] N 2013 4E 11 A | 2014 4£4 H 12014
T 1, 3 BB BIREE 70, 114 #1170 KR )E
IKFE . AFEILIT (R CTT 2 1L =K X B) Figk
TLIRZ) M BE 3 38 AN SRR AT, # BV S T i A it
MR G5, i 1 FizR. SRFEQLETE 5% ~10% 7K
TRAL B U o8 FH o 43 88 2R DU 9 2 05 PR e SR O R £
1 LKA SRR B 23S R/ 254 4
BT 24 h PICA 2°C vKAS AR AE.
1.2 FEsTAb B

RAERIKEEZT 0. 45 pm, 50 mm HIEHIK FR
PP (RS ) 108, LAVE D AKRE P A A . BT AN
AR, 23 IS RIK R T 2°C i RS
o, LA
1.3 FF AT A

(1) 32050 5 gor ok 2 v Al P 09 9 #5500 (4% 1Y
NaClO) . H &R0 T JE it ( methyl tertiary butyl ether,
MTBE) A1 THMs 1) [ Sigma-Aldrich 23 #]. THMs
FRUERE (B35 41) #i USEPA BOARME T L TCH. 4 Fh

24°48"

24°23'

23°58'

23723

22°58"

1
113°36'E

1 REISHRE

Fig. 1 Location of sampling sites

= ety =P hbe . — IRk, —&
IR =R

(2) Jrbr 25 =5 B b h e ol -l 3R 00 A
{61 (Agilent 7089) 43 7. A i%AE R HP-5 ZHEE
(Agilent 19091 J-413) B4IAE (1S4, N4E 30 x0. 25
pm. GC IRIERRFUNT .

35C 10°C +min ="' 100°C
(6 min) (5 min)

1.4 SC¥Trk

DOC 1 TOC 1Y ( Liqui TOC, &= ) 45 460 F
FR-A 0.05 mg-L~". UV,,, (ultraviolet absorbance at
254 nm) EFEFEPE KR 254 nm 4B A H A DY
FET Y AN W6 B2, AT Hy 58 Ah-nT W 53 5t ot B2 3
( Evolution 300, Thermo ) #ll 15, SUVA,,, ( specific
ultraviolet absorbance at 254 nm) f& UV,,, 5 DOC [t
{1, B 2L (mgem) = BRI Jeks DOC
Pl 3 mg L' LR, I 5256 R A Summer 2511
KR UFC J5ik, BRI . IR HITE 20C +
1.0°C,H 2 mg- L~ WERZE vl B 15 pH {H 0 8 +
0.2, 7EREE N 5 d, 5d JFIFEAENS. 0 mg- L7

40°C -min~' 220°C
e
(2 min)
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+0.4 mg-L™". NG SCEAE 60 mL SRS E 17, H
AT (WA PC I, USA) W7 Hrp A Sk B,
W5 d SRR NS5 0mg- L™ £0.4 mg- LAY
IV, A 100 L 10% Na, SO, ¥ B il A% SN
PEIRUIY THMs 58 H) MTBE 53 550 305 47910 7 75 4K
BB, 2 IO Al H AR AR UM B (gas
chromatography with an electronic capture detector,
GC-ECD) {4/ 22 [ IR % (USEPASS1. 1) J5 ¥k A il
THMs ¥ .
1.5 =pa PG ny R AR KU PEAf

AR B XU 7T 73R A~ 1 o s XL A4k
FYIRAREE AR, T RTRI B THMFP, &= 5
FH Be 2509 XUBS: ( total THMs cancer risk, TTHM Cancer
Risk) #0 (1) 115

3
TTHM Cancer Risk = > Riskguq, p (1)

n=0
H— A YRR AR B0 KR (2) 11
R,. = CDI,, x SF,, (2)
A, SF,,, (slope factor) 2 Kt — 45 %€ Ak 2% 1) Jow 1) 78
FEHEF AR E T, [mg- (kg-d) '] 7" HAEWAE
USEPA 1) 25 & K & 15 B &R 4 (integrated risk
information system, IRIS) H1# f%. CDI,, ( chronic
daily intake) : He—$F5E oAy B PO R AR A B
DA B2 8 B, mg- (kg-d) ™, FEHS(3) 31
CVIEEE
CDI,,, = (CW x IR x EF x ED) /(BW x AT)
(3)

K EWIHE CW ( concentration of the chemical
in water) i THMs SZI ¥, mg-L~"; IR KA
% IR (ingestion rate) ™' USEPA #i#7 2 L-d™';
FFEH R EF (exposure frequency) 4 365 d-a™';
)74 ED (exposure duration) : 74 a( B ) 178 a
(). AT BW (body weight) 4 67.7 kg (5B
PE) Fl 59.6 kg (&), F ¥R gRmF A AT
(average time) & 365 x 74 d( 1) 1365 x78 d( %«
Al~$> [17] )

AR SEY) A A I (4) 315

B = (CDI,,/RID) x 10™°  (4)

A, ent,, . B (2)H 1 CDl,,, mg: (kg-d) ™'
RID (reference doseage ) e E i mg- (kg d) -
10 " R AL 2 A TEBUR XK IEN R R b IR,
BW Hl AT 2 HER B2 T USEPA HUHEFFE AT
FEEZRGImGHE. 21398 17 =5 B
B FTHK) S, Fl RD.

WA, fd =X (5) 35 IR B AT (bromine

substitution factor, BSF)!",

3

> n(CHCl,_,,Br,)
BSF = =% x100%  (5)

3> CHCl,_,Br,

0 < BSF < 100
o, = e B & wmol - L. BSF #78 1RAR
H e o = pd FBERY LA, XY BSF =0 B, R H
F CHCL,; 4 BSF =100 i, /R 7=4 U 45 CHBr,.

®1 ZHRRRETEORERF"

Table 1~ Slope factors of THMs for risk calculation

e CHCI, CHCL, Br CHCIBr, CHBr,
SF,../ [ mg* (kg-day) ~' ]! 0. 006 1 0. 062 0. 064 0.0079
RID/mg- (kg-day) ~' 0.01 0. 02 0.02 0.02

1) 2K F RS FFA 5 18 2R 45 (risk assessment information system, RAIS, 2005) , http: //rais. ornl. gov/homepage/rap_docs. shiml

1.6 BUE AR R B

S0 AR 75 i R O 2 FH 1 TR B0 KU X 7
Akt FEER KBS IEA L AR 50 (2) ~ (4) i
Fifi 280, 145 CF (pg-L™") . BDCM (pg-L7") .
DBCM (pg-L™") | BF(pg-L™") | TTHMs(pg-L™") |
IR(L-d™") . EF(d-a™"), ED(a). BW (kg) fll AT
(a) 43X 20 2500 AR B DL 38 1D AEAS [
ARBREI R R | 2o 2 B0 S0 RV T (B R R (14 K
N B SR A RS, BRI, BB 500 4L
(B K F2 R 1% S H0O0 THMs S0 XURS: 52 ma fk A, B
FIBIZ S BN B0 R 7

2 HR5iITE

2.1 THMs 4 i REKF-H1 BSF 25 [A] 3 A

H T 4 Ff THMs (% 3508 XU 353 {6 % TTHMs
(R ES0RE XU STk A ], 177 BSF (19 K/ Bt THMs H
TRAC e 77 B THMs B 69 1L ], 2 1 5% i
TTHMs A9 EUE RS K/, B, TTHMSs B0 KU 43
MG a2 2 43 B THMs 19 A= i i /K 7, B 4 Fif
THMs () b f3il.

i UFC 25 % S S 10 254 ASRE S AT I 200
FESCI ARG HFH GC-ECD I i 48 52 56 )5 77 4 1)
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4 Fl THMs B9¥& B2, fH (5) X318 BSF {H, 5124
[ SRAE 5 19 THMEP F1 BSF (¥ °F Y. THMFP F1
BSF {E [/ A an &l 2 s,

[___E[#in
2001 E MR "
=T il 1
2000
_;1015(}0— 1°
= 1000 1

[

»]
.|ﬁ|-lil ) I a

P P Al Ll n
16 20 24 28 32 36 40
FRHERL

0 4 8 12

2 AEIIFNERIS N EL K E ) THMFP 70 BSF 531
Fig. 2 Distribution of THMFP and BSF in the Beijiang

River and the Pearl River, Guangzhou

TEIN 58 52 56 5 F2 b, THMs (1 8 & 101,92 ~
2590.85 ug-L~",4 Fff THMs AY-F-X{E 53 )2 976. 34
pg-L™" (CF),50.73 pg-L™" (BDCM), 2.37 pg-L™'
(DBCM),1.24 ug-L~'(BF) , THMs f¥#¢E (umol -L7")
HKZ k. CF: BDCM: DBCM: BF =1671:63:2: 1, Hrp
AT L) THMs MY 96. 17% .

SR BRI MO BOK AR THMEFP 1 7
A ERTALILA THMFP. RAE&S 3.5, 13,
18.21,23,24,25,26., 27,30, 35, 37 138 1y
THMFP ¥ Ji 2 K FF ¥ {E (1 030. 69 pg-L™"), X
SR ST AL VLR B A V5 K E VA A T
b FA3RE T R XA 1 3 M X, A A
FEA H DI, AR AR DX IR A 5 ) THMEP ¥ B2 34 41%
TS {E. THMEP #9723 [a] 43 A 52 3036 7 ) 321 X3k
TN 10 %85 4 b [X 4 e ) R AIE

Chow £ % % [ 1Y Sacramento Rivers Fl San
Joaquin Rivers #4174 35—4F (%) THMs SEiTiF58 &3,
THMFP fiEiA EI 91 444 pg-L ™" 19U JE. JLITHY BSF
FEERVTT M BEK 91. 29% , i VR A B S 1o 1 A=
BRAC R e, THMs B — VR AR H ot 1) 34 HE B Fn =
TRACH B A5, BSF (35 K, fff THMFP A7 /)N )
T BRI R R I AT S R S s £
AIRAR ot T MR B LA CF 2R A .

2.2 DOC F1 SUVA,,,

FRAAHR B 68 B SN R S THMs (14 Jip i
— SR, KR IK AR P 50% LA b Y g A
SUVA, g, TR R IR K A rh 25 A Pk, A s 2R W]

FFEEI R Z S BT, E DOC AT SUVA,,
(BT LA 23 At THMs B9 19 ZE AR, & R AE ALY
DOC Fll SUVA,, fEHUNE 3 fi7R. RAE R 1 ~24 RdbiL
Tk, 25 ~ 38 SMERVT MM BE. JRITHEAY DOC JE
FEI7E 1. 46 ~50.99 mg-L ™' 2Z[H]. SRFES 3. 5,13, 18,
21, 23, 24 S A AEAL L B V5 K E VA B B TR
Ui, AT T 43 A R 3T DX BRI N 11 9 4 1) b IX.
FEACVLIREGE RS, DOC 7= A I sl i SR U2 . 4R DOC
R A2 ALK AR T DOC 18 TH i, KA e
FHMIE DOC {EFAE. M SUVA,, ZBAIE AT 1, i57K
HERC RT3 4 DS ) KA 5 B M I s
T3 THMs FiiAd) & =5

60 40
—Ipoc
- —e— SUVAzs
50 " -
- Il 1 {30
_ ol z
2 £
5 2
g 304 420 %
a N
20 4 1
v f 10
10 He H ., L"J-‘
L Linpl UL o ] ﬂ

() il 1 1 1 1 1 Il 1 1 1 0
024 6 8101214 16 18202224 262830 32 34 36 38
SRR
3 KFREAH DOC 1 SUVA,., HI{E
Fig. 3 DOC and SUVA,,, from different sampling sites

BRVL) M BL ) DOC {E TS FEIFE 9. 23 ~43. 78
mg- L~ 2Z (8] AR T ALV 5, BRVL T JH ] B Y F
¥ DOC W PEF SUVA,, AEFFE— AR B K,
TR AR BAE T, DOC FIZK AR i 35 v ) ot
2 IR

AR AE B B 0T i A 2 R K AR T S A A
THMFP ™ fa] s ™) & BLER TT KA AE i 2k
TR =AY 64. 6% THMs VR T 7E 5, (A X L& 2
FEL 3 AT LA 30, 76 J6 B 5 7 ok A8 v 1 SR A A
THMFP 76 Y5{E 5 [ P9, SRR DOC 1 i A2 i 75
THMFP F =5 %) 2 225 A, s in 1 ALy ARy M
TA] BEVE A AR FH 7 5 i ) JXURS:
2.3 DOC, SUVA,,, 1 THMs 2 [a] )56 5

DOC . SUVA,,, Fl THMs 434 it 22 53 , & AR [A]
KA B DOC A 2E S5 M A 7E 25 57, 30 THMFP 11y
AL AT 58T THMs Ji /9 16 27 25 ¥ il 3L [m) 4%
fiE, i 1] SPSS A X} FIr A7 SR A 5 DOC, SUVA,,
F14 B THMs SEATAHOCHE S0, 45 5890 736 2 .
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