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Pollution Characteristics and Health Risk Assessfnent of Volatilé ﬁ}gai}ic
Compounds A YOCs) and Semi- volatlle Organic Compounds ( SVOCsy), jin

Qlantang Rlver s Hangzhou Sec,tdon Durlng a Water Odor} Pollution Event |

CHEN Feng, TANG Fang-liang " | XU Jian: fen, WANG Yi-yi, RUAN D?ng -dey ZPIIANG Wei, ZHOUxShans
(Hdngzhou Enyironmental Monitoring Central Stdtlon H_ﬂngzhou 310007, China) & -

Abstract;’ For surfage“water samples collected from the Hangzhoy section of Qiantang River (before, during, or after the occurrence of
a water odor pollunon event) 125 kinds of volatile orgam(‘ compopnds (VOCs) and semi-volatile organic compounds ( SVOCs ) were
qudnt.ltdtlvely defermined via purge&trap-gas chromdtogrdphy—m&sb spectrometry and liquid-liquid extraction-gas chromatography-triple
quadrupolé mass spectrometry. Then, the pollution characteristics of the VOCs and SVOCs were analyzed, and the health risk of these
compounds was assessed. The results showed that 17 VOCs and SVOCs in the surface water samples of 4 monitoring sections were
detected, in a concentration range of 0. 01-1. 21 pg-L™", which is a low pollution level. The concentration of dichloromethane was the
highest of 17 VOCs and SVOCs, accounting for 36. 3% , and it was thus clear that dichloromethane was the main contributing factor.
During the water odor pollution event, the concentrations of VOCs and SVOCs were significantly higher than they were in the three
months before or after the occurrence of the event, by 2. 1-4. 6 times, reflecting the strong external source input. In addition, human

health risk assessment of ingestion through drinking water and absorption through skin contact was performed using US EPA
recommended methods. It indicated that the total non-carcinogenic and total carcinogenic risks ( Z HI and Z R ) caused by VOCs
and SVOCs are 2.4 x107°-3.6 x 102 and 1.9 x 10 77-1. 0 x 10 ~° respectively, both of which belong to the acceptable risk level.
Therefore, although Z HI and Z R during the occurrence of the odor event were significantly higher than those in the three months
before or after the event, the VOCs and SVOCs detected will not cause obvious non-carcinogenic nor carcinogenic health effects on
humans.

Key words: Qiantang River; surface water; volatile organic compounds ( VOCs); semi-volatile organic compounds ( SVOCs);
pollution characteristics; health risk assessment
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WFBCEIT H (20120433805 ) (AT 7 4 3 7K v Ji 7Y
PN T 5 Y R i I8 2 % fae S JRURS: DAt ) S it
BB, BRI E %) 8 A A5 Be e X 3 S ik =1
RAH, HL 5 AN TR E VLK AK R VOCs il
SVOCs Mk B sh A B Al s, TERRERIEVIATM B 4 4
W e, gk 1 FoR, JUEKT RBUERIETT AT B
TUEAKBUEAL, WS AR R e rh KBS AL, K
T W e e K BAg &L, HEEE 3 A-Ba] B . 2013
9 H ~2013 4F 11 A (RS A AT 34A) |
2013 4F 12 H ~ 20144 1 A (oS fE &8 ) fi
2014453 A ~ 2014 47 5 (kR AR S 4
Ay, T g Bk 4 3 voke 5, B 3A0CRE &)
WA VOGS BIELH 5o i 15 9 98 (8, P
SRS BREAY36 4. RES R A0 6 Rl (D
FH TGO Gy 12 19 R 7 i KR
Bk 40 mL BEIBIRAE o REE 3 R, KK FET e
RN, WOKREAEN A 2R, PR BE AT
L, SRR K RE pH <2, BB (R B AR SR it
FAHLART, S HD G B HAA U 9 M R T R
. SRR AT DK DR AE T, T 4°C L
TR, Q18 WA IR = T U A
TP A RAE Iy i FRFEARR AL, L 43
SRIZK OKEIF 0.5 m) 42 L, RARETT
FAR IR, S Rl AN AR
mn BIRARPATAE , AR I 2 .
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Table 1  Characteristics of the sampling points

F45 HFR S 4 SRR S FEAE
1 JUBAK) 120°06" 40"E 30°10' 24"N RFHARIR I, BT B K T W i T
2 il 119°55' 22", 30°04’ 02"N TS, & B TR 7 X A8 3 W
3 TR 119°43" 29"E 29°40' 28"N TTFS WD, 5 BH T AR J B SE H  Th
4 e 119°32 20"E 29°32' 36"N APEWTTE, = VL4 SR KK o W 4 W 1

1.2 Wi as

U ESEiE VAW RN Wi e N & [ S e
% Ty A W/ A sh R 2E A ( TEKMAR
ATOMX) . Agilent7890A/5975C < HH {0,155 1% {X.
VROV AR B = T DU TSR (3 - T vk v R B i

BN H Agilent7890A/G7000B = H 5 I PO 94 AT,
FH LS TS
1.3 Wi H 5k

w2 s, Wi B Eat 125 Fh, Hoox-—
RS- P & 1,2,3,5-P&E K5 1,2,4,5-
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Bt 2% 39 #

DU SR 34 07 1% 43 1 B TG vk i R R P AT
X 53

WA 42 /S 0 35 - BTS2 A I 73 A VOCs,
SR 1 ~T72 SALE Y. % IR A A R A
IKFER 40 mL FE SR Z DR800/ H 3h A 4l
£/ (TEKMAR ATOMX) () A shit e g8 Hh 2575 B 3h
HEFE. AEH S . QA ARSI (7890A) «
T4 . DB-624 60 m x0. 32 mm x 1. 80 wm; A1 .
A L5 mL-min ™', fHE; JFFEE R 200°C, 4
WHERE, b 5: 1 B BRFTHE, BIREE

40°C, R4 1 min; FHE# 2 6 °C -min ' , JHE &
80°C, PRHF 1 min; THERE A 10 C-min~", JHE =
140°C , f%F 1 min; FHEHF 20 C-min ', FHEE
200°C, PRFF 10 ming B A I @ FRIE X
(5975C) : MS Source ( B FJ#) :230°C , MS Quad (Y
e FF) : 150°C, Thermal Aux (/< i 4% 11) . 250°C,
Solvent Delay (% | #E3R ) : 1 min, Scanning Mass
Range (IR ) :29.0 ~350.0 u. . QWA
BEASCI 2 2 R - B TRLE - 20°C, PRI ) < 11
min, MR 250°C, f#EMRETE] .2 min; fAEEHE

F2 UEVMHBREHR gL
Table 2 Detection limits of the compounds/wg+L ™!

B9 eEw K BR || 75 eE Kb || s e K i R
1 AL <0.28 || 42 2-FEHWH <0.09 83 X TRHHEIE <0. 009
2 1,1-TRALKE <0.09 | 43 1,3,5-=H#HK <0.09 || 84  [Al RHFEAE <0. 009
O E <0.05| 44 4-HHZE <0.08 85 AR TRYILE <0. 009
4 1,2-ZH5HZK(E) <0.11 1 45 HTHK <0.10 || 86  2,4-"H4EEMIZE _<0.008
5 AT TR <0.09 | 46 1,2,4-=HHIK <0.10 || 87 2, 4-THEGUE - < 05008
6 1,1-—Hk <0.13 | 47 fhTHE <0.09 || 88 2,4,6-=THHLHIZE .A*f.-“<0,009
7 22Tk <0.34 || 48 1,3-—4%F <009 89 umem -/ <002
8 1,2-"HZK(Z) <0.32 | 49 4-SFPELER <0.10 | 90 W N-—HEWRSK: S 4<0.118
9 WAL <0.26 || 50 _1,4-Z5H% coftn || on Uatmkamm ;_.J"’ <0,021,
0 = <0.05 | 51t T J<0.10 A 02 | <0009
11 1,1,1-:‘%@,@% <0.28 || 52 1.,2-—5% = /' <0. 10 | 93 x-S £0.012
12 1ot | <0.10 || 53 |12t 2T J<p. 305 04, 248 <0.015_-
18 a4 <0.05 | s T £0.10 || 08" i3 0. (2L
147 2 —sdety [ <0.05 |55 2m L ¥ = <§2< 969 2,4- A <0052
15 | % L <0.10 || 56 | s ' 520! 97 | 2.4-"H KW <0.055
A6 AL <0.10 || 57 ,'zi‘(&%"‘ <0.09 | 98 % <0. 009
179 2R <0.09( 58 kY ; '<0.48 || 99 2.4, 64 <0.058
18 | Zuliked I <0.24 | 59 LB W = <95 100 2,4, 5-=5H <0.05
19/ A AW EE <0.26 || 60 AR <60 101 2, 4-RH5EE <0. 059
20 FEAFE <0.45 || 61 SAEE <47 102 4-figHEmy <0.074
21 13- (2) <0.10 || 62 ZJE <0.49 || 103 2-FJ-4, 6-—fi5HM  <0.088
22 HIZE <0.09 || 63 ZFRH R <1.6 104 RNEK <0.02
23 1,3-FEWEM(E) <0.08 || 64 IFARE <12 105 HEAEm <0.114
24 1,1 2-=RTH <0.08| 65 T <10 106 S0k <0.058
25 1 3-THANK <0.09 | 66 ZWEMR <10 107 ZHERW# <0.01
26 WWELK <0.09 || 67 STE <42 108 WAHFEIEE <0.05
27 TR W <0.28 | 68 IETE <46 109 Rk <0.025
28 1,2-TRKE <0.28 | 69 4-H F-2-1% <6.1 110 HHh /R <0.01
29 ER <0.09| 70 ZPRTHs <2.2 111 Z(2-FAHE) Pk <0.038
30 1,1,1,2-l08E 2% <0.26 || 71 LRSI <2.1 112 4-50RRE <0.018
31 R <0.09 || 72 ZBRIEIES <1.8 113 2-Z% <0.01
32 XTI E-THE S <0.09 | 730 R <0.008 || 114 NEFL_IH <0. 055
33 AB-THIE <0.09 || 74 WA <0.007 || 115 2-F% <0.01
34 RO <0.09| 75 1,3,5-=4% <0.008 || 116  2-flFEA Nk <0.025
35 =PHE <0.28| 76 1,2, 4-=FHF <0.008 || 117 2, 6- R4 <0.034
36 HHAR <0.10| 77 1,2,3-=@%K <0.008 || 118  3-FYILAESE <0.032
37 WHRHE <0.24 || 78 XITEFELAE <0.008 || 119  —EFFmkemy <0.01
38 1,1,2,2-l0E 2% <0.26 || 79 [aAYIEEE <0.008 || 120 X4 —FhE <0.01
39 R <0.30 | 80 4BAYILEE <0.008 || 121  4-FlHEHE <0.055
40 1,2, 3-=5A% <0.24 | 81 1,2,3,5-PU%ZE +1,2,4,5-PU5%E <0.018 || 122 fHEHRE <0.01
41 IERAE <0.09| 82 1,2,3,4-PUEH%E <0.015 || 123 4-BORIE IRk <0.012
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JETRE .280°C , BRI [E] .5 min. 3% 2 W] 17 L AG
HBRIEFE 4 0.05 ~95 wg-L~", HiPEgdS | BE2 |
e PR IRVEREN 1.6 ~95 pg-L7', %%E‘L%
FIHABAL G P AR PR (0.05 ~0.49 pg-L71).
TSR S OATRE | iR ﬁu&ﬁuﬁ@ﬂﬁzﬂ—ﬁﬁ%
PRUE 5 Bl 73 b VOCs 47 FE 41 X i 22
1. 1% ~14.5% , J7ik2s AICHamI H A 1, nbrF-
s K 73. 8% ~132% .

VRO MR = DU TSR i - i e R I 52
Fh SVOCs, 43942 73 ~ 123 5468, %07 ikt
A HCL L OKEEFE R mlbE: MRYESA I &
60 mL S H AT —IK, BUF Z2EBUR, A%
BRI TR 45 2 1. 00 mL, Z5 7 dERE (6 F a4y
BIRMIRER T AL . AERIR S . O A S
A% (7890A) {fiE 4T . HP-5ms 60 m x 0. 25 mm x 0. 25
wm; AR ZR L2 mLemin 7' fHE; PEEED R
FPTHR, EIREE 50°C, PAFF 0. 11 min, FHEHER

600 °C. - min’l?ﬂl 325°C, PTV #flias; % ey
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Table 4  Slope factor and reference dose for oral exposure of compounds

e EUEEY kB35 R Bk RID
/(mg-kg='-d1) ! /em-h™! /mg- (kg-d) 7!
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