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~(1. College of C1v1l Engineering and Ar(’h],tecture Zhgjiang University of Technology, Hangzhou 310014, China; 2. Fujian Englneerlng
and R.esedrch Center of-Rural Sewage Treatment dnd Wdter Sd.fety, Water Resources and Environméntal Institute, Xiamen University of
Technology 4 Xianten 361005, China; 3. Cellege of C1V11 Eng’meenng and Architecture,, Zhejiang University, Hangzhou 310058 , China;
4. Technologlcdl Assessment Center of Environmental Englneerlng of Zhejiang Province, Hangzhou 310000, China)

Abstract: The occurrence of 18 types of disinfection by-products ( DBPs) in two waterworks and the corresponding water supply
networks of H City in Zhejiang Province was determined by gas chromatography coupled with electron capture detector (GC-ECD). The
correlation between DBPs and organic precursors, and health risks caused by DBPs, were discussed. Results showed that the
disinfection by-products detected in drinking water in H City mainly include trihalomethanes ( THMs ), haloacetic acid ( HAAs),
haloacetonitrile (HANs) and trichloronitromethane ( HNMs) , with highest concentrations of THMs followed by HAAs. In the finish
water of CX Waterworks and tap water supplied by CX Water works, concentrations of THMs ranged from 7. 70 to 32.73 pg-L ™' and
9.00 to 51.42 pg-L™", respectively, and those of HAAs 3. 05 to 21. 30 pg-L™" and 6. 00 to 26. 79 pg-L™", respectively. The THMs
in finished water and tap water of TH Waterworks were in the range 8. 65-38.76 wg+L™" and 12. 09-42. 04 pg-L ™", respectively, and
those of HAAs were 2. 42-14.79 pg-L™" and 2. 80-33.40 wg-L™", respectively. The DBPs in the finished and tap water of the two
waterworks were at lower levels than the limitations regulated by the Sanitary Standard for Drinking Water ( GB 5749-2006). The index
of dissolved organic carbon ( DOC) and UV,, were adopted to describe the organic compounds , and it was found that
trichloromethane (TCM) was significantly negatively correlated with DOC and UV, in tap water. Based on the EPA recommended
health risk assessment model, the carcinogenic and non-carcinogenic risks of chlorine disinfection by-products in the oral intake route
were calculated. It was found that the carcinogenic risks caused by the disinfection by-products in the finished water and tap water of H
City were 5.94 x 10 ™°-4.76 x 10 ° and 5. 94 x 10 °-5.56 x 10 ~° | respectively, while the non-carcinogenic risks were 0. 91 x 10 ~*-
4.20x 107% and 1.26 x 107>- 4.72 x 1077, respectively. The carcinogenic risk is mainly from THMs: bromodichloromethane
(BDCM) contributes the highest cancer risk, and the non-carcinogenic risk is mainly from TCM.

Key words ; drinking water; disinfection by-products( DBPs) ; precursors; correlation analysis; health risks
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Fig. 2 Distribution of DBPs in tap water of two water plants in H City



12 4 UBRFEAE : WL H T OK R GEH 3 Rl ) SO R XU A

5305

M DBPs L THMs Al HAAs 4 3, CX 7K X B
HEsK 4%’ THMs . HAAs . HANs Fl TCNM f4 7778
K43 514 9.00 ~51.42, 6.00 ~26.79, 1.51 ~
13.82 F1 0. 11 ~0.60 pg-L~", Horp o7 4 J3 23 51
18.23,20.50, 4.49 F10.22 wg-L~". TH /KJ Xf i

HEsk %’ THMs . HAAs, HANs Fil TCNM FY 77 7E
JKF-43 58 12,09 ~ 42,04, 2.80 ~33.40, 1.89 ~
10.15 F1 ND ~ 0.31 ug-L~", o {5 ¥ & 70 9 &
36.80, 12.83,3.80 f10. 14 pg-L~'. H /K R4
() DBPs it T4 R K

®2 HWRAKSH DBPs ilER"
Table 2 Occurrence of DBPs in tap water of H City

CX KK CX KT RIK TH KTk TH KB Rk
DBPs R WREER bR WREDER Rk WEME Rl RIEE /}fiﬁi]
/% /gLt /% /gLt /% /gLt /% /pg-L7!
TCM 100 6.27~17.50 100 3.86~18.16 100 4.54~10.57 100 3.81~11.10 60
BDCM 100 1.25 ~10.27 100 2.92~10.96 100 0.9~16.17 100 1.27 ~15.20 100
DBCM 100 0.18 ~3.30 100 0.54 ~3.94 100 1.81 ~16.48 100 3.90~17.04 60
TBM 25.00 ND~1.66 143 ND~2.77 100 1.4 ~5.54 100 3.11~7.40 100
DCAA 100 0.41 ~8.30 85.71 0.52~8.30 100 1.39 ~9.36 100 1.04~9.78 50
TCAA 100 2.34~10.44 100 3.56~14.21 75.00  ND ~0.80 100 1.74 ~14.21 100
BAA 50.00  ND~0.62 85.71 0.50 ~3.80 75.00  ND~0.53 90.91  ND~12.2 =
DBAA 50.00  ND~0.49 92.86  0.40 ~2.43 75.00  ND~0.20 89.66 0.12~1.31 " =
BCAA 75.00  ND~1.45 100 0.24 ~5.57 75.00  ND~0.83 [ 1 100 0.05~8:3L 1 | —
DCAN 100 0.57 ~3.48 100 .47 ~10.67 75.00  0.26 ~0.80 100 0.13 %0 /
TCAN ND ND ND = ND ND [ ND ND N Y gg——
DBAN 80.00  ND~4.27 75.00 © ND~3.15 75.00  0.08~2.7 | 100 0.37 ~4400 47
BCAN 20.00 ND~2.74 7, 32,157 ND~3.21 50.00 (ND-~2.7-0 | 62.14 ND~641% &
IAN -0 ND 40| 4 D o [ *Npf 0 ND w [
_DeAem 0 ND 10 ) gy g o [fivngg * Vg ND =
- TéAem S £ 0) ND Y /. g ND 0 C/ND g %o N L=
TCNM "= 1100 0.11 ~0.5L= #5100~ = "0/11_~0. 60 75.00 FND~0,12 _  96.97 ND~0.43 &
DIND e Ak e BB /i ) " ¥ ) o W

7 I 2 I, BRCX KRR AR TR
A, U 5 R RDBPs 15 258K
HRR A 1 K 3 100% 4 ), HANs 46 Hh 2 50 4
DCAN, DBAN F1 BCAN, H:H DCAN # i R % 5,
TCAN I TAN K45 i, TCNM 76 2 KT T KK
BWKPHERK . CX K H) KB MK THMSs
LA TCM 3, BRI 3 4 10. 24 pg- L' HAAs
LI DCAA il TCAA 3, ~F- 34k I e B2 4331 4y 3. 45
pg L~ Fl18.67 pg-L~",3 Flt HANs ARG 7 it fix i
{H 49 4.27 pg-L ™' (DBAN) , TCNM 74 ¥ i - 1y e
JEH0.26 wg-L~". TH K HK A& MK THMs H
BDCM F1 DBCM & & %5 iy, ~F- 34746 I v J32 43 3l
13.15 pg-L7" A1 13.24 pg-L™" XA RESZ 2 J51ml
JER 5 A, —J& TH 7K ) KRR T i iR ik &
e, RN TH KSR R EE MR T
2 RATE MR T4 2/0 THMs RIS 19 42 5, (8
[ 226 R PR 55 7K A B & 2B ki AR R 6, 5

F AUk IR & B A =Y. HAAs LA DCAA FI
TCAA 3, F354e B2 535 R 3. 99 pg-L~" Fl 4. 52
wg-L™', HANs (4K I 5% @5 7 6.41 pg-L™!
(BCAN), TCNM 7 & ™ o () °F B %k B R 0. 15
we L' 2 KT HANs B RE 1T WHO 1%
IHPETE SAE (70 pg- L") , A4 N-DBPs FH6 0 e 5 725
T AR &g . TH /K C-DBPs il N-
DBPs & & MR T CX K, FEREW A TH K
KR SRR S AR T2 % LA
P . DOC., UV, F1 AR R $h 46 £ L B, AT
/%25 DBPs B 7=/
2.2 JKHEHEUETEFR S DBPs By SCHE

SRRt WO 2 AKX R A R K KR
pH ., R AYE . DOC Al UV, EA7 R, 25 5 W 3%
3, B AR A A5 CX KT 96. 8% Fil TH
KIT100% . X2 KT 4 MK B4 TE 45 55 DBPs
HEATAHOCE 30T, FLAE R L3 4 gk s.

R3 HW2 K EMKELIEIR

Table 3 Physicochemical parameters of drinking water in H City

i R DOC 2% PPy
K oH KR 4}% 1 | WV, Hi ‘?% 1 (5%%}1
/C /mg-L /mg-L /nS-cm /mg-L
CX 7.00 ~7.44 17.5~23.8 0.03 ~0.85 1.03 ~2.58 0. 006 ~0.034 130.6 ~282.0 7.94 ~8.82
TH 6.56 ~7.54 16.5 ~26.8 0.20 ~0. 84 0.91 ~2.30 0. 006 ~0. 053 126.5 ~468.0 6.58 ~11. 84
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F4 CX K Bk DBPs iR Sk IEFRHIE K AE ST
Table 4 Relationship between DBPs and physicochemical

parameters of drinking water in CX water plant

DBPe ‘ CX KT ERK
pH K KA DOC UV,s,
TCM  -0.696 0.912* 0.249  -0.911* -0.527"*
BDCM  -0.636 0.453 0.262  -0.483  -0.519
DBCM  -0.754  0.225 -0.150  -0.517  -0.201
TBM  -0.423  0.371 -0.448 0. 137 0. 413
THMs -0.857  0.726 0.240  —0.667* —0.485%
DCAA 0.514  0.565* —0.147 0. 100 0. 402
TCAA 0.896 -0.736  -0.088  -0.183 0.310
DCAN  -0.820 0.414  -0.092 -0.283 -0.653
DBAN 0.336  0.809* 0. 109 0. 483 0. 494
TCNM  -0.731  0.800 0.155 -0.059  -0.168

1) % 5 P<0.05, # % A P<0.01, F[A

&5 TH K] &Mk DBPs ik B 5k KB IR RS 47
Table 5  Relationship between DBPs and physicochemical

parameters of drinking water in TH water planti="

4 5 ] W, CX /K FTH /KT R4
K7k TCM 5 DOC il UV, ¥4 & 2 ek (P <
0.05) ,iX5 Hong %" (Y5345 - — 34, > DOC
F UV, BER B R AR A WL (NOM) 1Y i, 544
5 NOM & W B B TCM. XF T 8 = i B %% (T-
THMs) ,CX /KJ 4 MK T-THMs 5 DOC 1 UV, A
A G T TH KT & MK T-THMs 5 DOC #
UV, A B3R A O X Al B2 T CX K
J MK T-THMs i ok £ 25k H TCM, TH 7KJ 4
K7k T-THMs W 32223k § BDCM #1 DBCM, iX 2
25 DBPs 32 27K R B T AOAFAE KRS L
bh 2 KT &M KT DCAA | TCAA 1 DCAN 255
DOC HI UV, A 230 BH B AH S, 53X 2B DOC Al
UV 5, AKX 2L DBPs ARG R 47 Fabs. E MR
ST At 8] E@ibn%%ﬁti?ﬁ@s iy

P2 e THMS 1 TCAA , LA % F8) Ae A o >
PRI LA 5 s 190 7K 3 4% 5 %TM%@HMA
SR, R i TR 2 e R 7me%njtilié%

TBM (0~1.72) x10~°

(3.94~6.21) x1077

TH KT B K J
DBPs L Km ARE[ [ Do¢d i DBPs SM F AR, TH K] Fe K g
/ me-1,7! me-1,"! - — / A > F
FEM 0 671'":. ;241 : og;d /0g69L6 - 853 ** v pH ﬁﬁ THYs E’Jﬂﬂﬁjﬁﬁﬂi’;&ﬁ?ﬁﬁ i “3 B
“." .67 —0. - -+ ).
Jeogn oss | J—0.s03t 010 ¥ 2/2«' 20,278 M 7K pH ﬂl THMs }?&“’ﬁzﬂﬁ%‘*ﬁ?ﬁ@ Tﬁa
DBCM 05028/ 0.6647 0.157 70,176 ¥ g8 RhTF2 %ﬂ(FE’JEﬂ(ﬁm%ﬁ‘%’é%#iﬁjﬁ
TBM 0514 0.688" -0.399* --‘0-?47 J_o'. 158 2.3 DB[f iR n]z*ﬂr{ﬁ
. “THMsI 0.518 **_ 0.680 " -0.387 " 0. 25.9 =0. 278. Lﬁ@%ﬂl&l‘ﬁﬁﬁ%ﬂ , Al 4 BSEM 22 I:] %HX
,-;JCAA -0.401 " 0.704™ ~0.393 0.315 0.006 _ o - ; -
o) oo | Jomm osise Jooef g RPAKTCESARIRAOMIEIR RS0
DEAN  0.2000  0.405° 0.034 -0.191 -0.521 YR fa R XU, HOTT 2 KT TR A K
DBAN -0.305 ~0.105  0.374  0.457  .0.298 HAN[E] DBPs B850 XSS AR S5O0 XU an 6 6 Filgk
TCNM -0. 160 0.057 -0.206 -0.094  —0.040 7 FioR.
F6 HH2 KA H KFNE R K BE R
Table 6 Cancer risk in finished water and tap water in H City
DBP o AU (CX) 7K o KUK (TH KT )
) K K Ik EIK
TCM (3.08 ~7.11) x10~° (2.38~7.05) x10° (1.84~4.29) x10~° (1.55~4.43) x10~°
BDCM (1.33~8.35) x10°° (1.64~9.65) x10°° (0.73 ~16.41) x10~° (1.03 ~31.06) x10~°
DBCM (1.07 ~3.63) x10~° (1.23 ~4.34) x10°° (1.99 ~10.14) x10~° (4.29 ~18.88) x10~°

(1.45~5.74) x10~° (3.22~6.89) x10~°

DCAA (0.46 ~2.13) x10°° (0.50~2.01) x10~° (0.91 ~6.12) x10~° (2.33~6.41) x10°°
TCAA (0~8.59) x10°° (3.27 ~12.1) x10°° (0~1.19) x10°7 (1.6 ~13.04) x10~°
Bt (5.94~31.52) x10°°¢ (9.42~35.81) x10°° (6.93 ~47.57) x10°° (1.40 ~5.56) x10~°
£R7 HTH2 KK HAINE Mk IERE R
Table 7 Non-carcinogens risk in finished water and tap water in H City
DBPs AR B0 KBS (CX) KT AU A (TH K))
HK BRK Wk BRK

TCM (0.99 ~2.29) x10 2 (0.77 ~2.28) x10 2 (0.60 ~1.39) x10 2 (0.50 ~1.43) x10 2
BDCM (1.07 ~6.73) x10 3 (1.32~7.78) x10 73 (0.59 ~10.60) x10 73 (0.83~4.88) x1073
DBCM (6.36 ~21.6) x10~* (7.34~25.80) x10~* (1.19 ~10.80) x10 73 (2.56~11.20) x10 3

TBM (0~1.09) x1073

(2.49~3.93) x10°*

(9.18 ~36.30) x10~* (2.04 ~4.36) x10~*

DCAA (2.33~10.70) x10~* (2.52~10.10) x10~* (4.56 ~30.70) x10~* (1.17 ~3.21) x10 3
TCAA (0~6.14) x1073 (2.33~8.67) x1073 (0~8.52) x107° (1.14~9.31) x10~3
Bt (1.19 ~4.01) x10 -2 (1.26 ~4.32) x10 2 (0.91 ~4.20) x10 2 (1.27 ~4.72) x10 2
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6 F17 AT 0L, H T CX KJ A H ) KA
WK DBPs 38 33 T K 38 12 1 B0 RUBS 43 5 A
(5.94 ~31.52) x 10" F1(9.42 ~35.81) x10~°, HI
435K (1.19 ~4.01) x 10 2 F1(1.26 ~4.32) x
1072 TH 7K B 7K A 7K DBPs 3 i ik
AR ) BOUR KU 43 ) 4 (6.93 ~47.57) x 10 ° Fil
(1.40 ~5.56) x 107> ,HI{E4391 4 (0. 91 ~4.20) x
10 2F1(1.27 ~4.72) x 1072, 2 ZK) HK R M
IR B RS 4 7 T EPA BLRE A4 i A s ] 220w XL G
JKFE(1 x107°) {BAE EPA FLAE B W4 35 BN (1 x
107° ~1x107*). 4 F THMs 7,2 FAKJ H ) KA
K BDCM 3428 3L S5 i 9 80088 KURS: | Fe g 3k
F3.14 x 107°, RAETE CX KT H K FI 4 W K
TCM B, 3X 5 Lee 557 Hl Viana 5% (5%
ZE R, FE S Sy BDCM HLA 5 25 1 E IR B0
BRI T X T HAAs, TCAA 980 XU STk B 2
KT DCAA, X 2 TCAA HAT 8 i VR B K F
GIRY E RS S o SR Y $ 1 L) =
DBPs 4k S T, Rl DU H 45 MK DBPs
SR R 1)KL 2 FOK) g K s
JAKAE SO AR £ Bk 11 TOMLA QAL (i ik
2,29 x 1057 SN R, [k BER AL HAAS [t
UM HAAS BEA AT, & RO EE A=) HANS A1
N My S5 S 7K ik HE ARG LR 0 1 J2: -
DBPS 1 JLA: 77 4R 1T e T 1 KB4 46 W
AT PRI Tk FLPATS SO =

3 JgEig

(1)THMs Fl HAAs & H T 2 ZK) IR HAKH
FEEAWER YRR, A E A DBPs A 45
DCAN ., DBAN , BCAN F1 TCNM ZRA K6 i1 5 B AR
PR T AT e S B RIE EE R Y B 2 K
K] IKFE R K BK Ak b DBPs H bR 19 B 42, (2
DBPs i 5 T4 E KT

(2) KK DBPs 19 4 Bl A2 B K 5 Y i) Fif
25 V5K M. TH 7K A CX 7K Hi7K TCM
¥15 DOC Fl UV, 2 I 25 A G, R 5 THMs
I TCAA ALK, R pH ¥ 534> DBPs
A kA,

(3)H ik K 6 F DBPs (TCM ., BDCM .
DBCM, TBM, TCAA il DCAA ) il i3 1R /K & 42 fir 5|
A B KU A 2, Hop BDCM B3k B ok, AR B0
JAURS: W) 2225k H TCM. 2500 RS, 8 7 56 [ A nT
T2 B RS YE T P (BN 23 2200, el iU i Ak A5 1
PRI, RS b4 s e M HE s, K 0 2R FH IR B2
AR PR T 2T AT RG22 DBPs RiIAY) 45 R AR £

FomE I =, > DBPs 44 RL.
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