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Occurrence and Distribution of Volatile Organic Compounds in Conventional

and Advanced Drinking Water Treatment Processes

CHEN Xi-chao'?, LUO Qian', CHEN Hu’, WEI Zi', WANG Zi-jian', XU Ke-wen’

(1. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. Hydrologic Station of
Jiaxing City, Jiaxing 314001, China; 3. Lianyungang Water Supply Co. , Ltd. , Lianyugang 222006, China)

Abstract: A series of experiments were conducted to study the occurrence and distribution of volatile organic compounds ( VOCs) in
conventional and advanced drinking water treatment processes of 3 water treatment plants in Lianyungang City. Results showed that 30
compounds of 3 classes were detected from 67 kinds of VOCs in all the samples collected. The concentrations of carbonyl compounds,
halogenated hydrocarbons and benzenes detected were in the ranges of 0.04- 61.27, 0.02-35.61 and 0.07-2.33 pg-L7',
respectively. Comparing the changes of different VOCs in three drinking water treatment plants, conventional chlorination process could
effectively remove benzenes but meanwhile produced trihalomethanes ( THMs). Additional advanced treatment ozonation-biological
activated carbon process could decrease the formation of THMs during pre-chlorination but produced new risky contaminants like
carbonyl compounds. The changes of VOCs in tap water were also investigated. It was found that carbonyl compounds produced by
ozonation could be further transformed to THMs with residual chlorine. However, the health risks of all detected compounds in tap
water were at a low level, except that the carcinogenic risk of crotonaldehydes (9.3 x107°-2.2 x 10 ™*) was slightly higher than the
US EPA threshold (107°-107*).
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YERAR K IR BRI, A X IR B it A T 22 i
b B8 A T AR K AR AR TE (GB 5749-2006 ) ) K
SCJitE 5 =K Y@ IR N T 0,-BAC IREALEE T
2 (HE P ERUE G T % e K )T KK R
TATRL? FR I T 28R 2 A U A KU 15
Y17 B MK A VOCs R AR i B 2 75 47 76 AU 2
AP XT = wE T A KPR b (35T ) L 3 K Y
T T2 R LA K VOCs IR LA T
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VOCs [AETLRLEE, LA A 3 2= #6 T /K Ab B T2k
RS

1 MRS

1.1 {5500

4% X 2 2 BOK B s SR 5 48 = ok B Y
(FFE HACH A#]) ; UV-1700 #5066 A ( H
AR HN ] 5 1CS1500 B 1 (0 1% A% ( 36 [ #2220
) ; Fusion-TOC 43 #14¥¢ ( 3¢ [ Teledyne Tekmar 72y
F]) 5 3100 AUWCH i A2 23 B (6 [ Tekmar A ) 5
AL A B B & 2 em ~ 50/30 wm DVB/CAR/
PDMS [& A8 3 % B Sk (36 Supleco 23 Fl ) ;

GC6890N/5975MSD S AH a3 o 15 B¢ HH A ( 36 [ %
FERAT).

54 Fhea AL VOCs (L FE ) AR . 2R R A AR
RAE) R 13 PR B B AR AR L S AR AL B 3
W H AccuStandard A F] 5 fiiAEALRI2B-(2,3,4,5,
6-FAKL) FAL AR EL (PFBHA) I 3 T H A
TCI AR Tk Bk AE &5 WAt ial, il A
F [ Fisher 2AF]. L5 H/KEUH Millipore Y5 217K
HL( Millipore Corporation, MA, USA). A5+
W4 H T E 258 AL AR A R A A
1.2 FEACRES A

2012 £ 6 H 19 ~21 H, %% = # 7 A 7K
Ui KSR A AR B T 2245 K48 W HEAT T K BER
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Fig. 1 Water treatment processes and sampling sites of 3 water plants in Lianyungang City

FERFASRFE R PI 40 mL BE SO = %
— AN HIEINA 25 mg PUIR LR VE M - 5057, B
SR A 10 wL 5 mg-L ™" 9 PUAR S F 50 pl
1:1 HCI(pH <2) , T4 #7 54 L VOCs; 55—
AR FZENA 50 mg CuSO, +5H,0 1E R A% 14 7
50 mg (NH,),S0, 1EH 1EE5, T 4001 13 Fiopicdik
AW, REFEST 4°CHIRAE 14 d WERHT. BE

Hb RS RAE 5 5 R4 2 Bk AR T LI B 7
(F~, Cl™, Br~, BrO; ), UV,,. & fi# A7 HL B
(DOC) FEL A (TN) 4347, pH Fl iy BE 43 5] {f
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1.3 EESLAL S 0T
TN FH B 2 7 R A 31 - 55 /0 o0 6 G 925 (GB
11894-89)ME. UV, ML B3N E. T

MBS 745 0. 45 pum BEESE AR UE 5 B T a0
FE. DOC £:0.45 wm BIEHENYE S F Fusion-TOC 43
ez, LA EIAKFSED) T 1 .

®1 EXKFESHY

Table 1  Basic water quality parameters
. TR F- cl- Br~ BrO; DOC uv TN
REERGR S pH /%;J /mg-L7" /mg-L7' /mgeL”! /ug.ﬁfl /mg-L~! /szs:tl /mg-L"!

1 7.83 113. 00 0.70 75.85 0.53 2.30 2.57 0. 08 1. 80
2 7.63 87.90 0. 84 80. 43 0.58 2.35 2.56 0.23 1.63
3 7.79 33.50 1. 06 80. 66 0.59 2.31 2.68 0. 06 2.43
4 7.82 36.00 0. 86 78.73 0.52 2.29 3.54 0.07 1.77
5 8.2 16. 00 0. 88 79.76 0.62 nd 4.33 0.10 1.55
6 8.44 37.10 0. 80 124.53 0. 60 nd 2. 60 0.07 1.04
7 7.72 9.09 0. 65 82.76 0.52 nd 1.96 0.07 1. 15

8 — — 0.92 90.73 0.54 nd 3.04 — —

9 — — 0. 84 87.02 0. 56 nd 2.41 — —

10 — — 0. 89 92. 88 0. 61 nd 2.40 — —
11 7.46 1.83 0.94 81. 15 0.58 2.24 3.98 0. 05 1.53
12 7.39 0. 68 0.99 92.72 0. 63 nd 3.05 0. 05 1. 67
13 7.44 0.74 0.90 91.23 0.63 nd 2.51 0. 06 1. 84
14 7. 64 2.71 0. 66 81.06 0.57 2.47 2.82 0.23 1.72
15 7.89 2.51 0. 86 89.03 0.62 nd 2.36 0. 06 1.13
16 7.71 0.98 0.74 90. 30 0. 60 nd 2.16 0. 05 0. 89
17 7.69 4.15 0.61 80. 13 0.57 2.36 2.04 0. 06 1.95
18 7.42 0. 80 0. 68 84.57 0.55 2.29 2.77 0. 06 1.18
19 7.43 0. 63 0. 84 88.34 0.59 nd 1. 80 0.03 1.07
20 7.42 0.99 0.83 85.97 0. 56 nd 1.42 0. 05 1.05
21 7.28 0.81 0. 80 85.25 0.57 3.51 2.25 0.04 2.60
22 7.46 0. 66 0.82 99.22 0.31 4.47 5.11 0.07 0.99
23 7.54 0. 66 0.76 109. 83 0.26 nd 1.78 0.03 1.04
24 7.51 1.51 0. 60 84.72 0.56 nd 2.09 0.04 1. 06

1) —FR KM E ; nd Frm Ak H

54 Fii FL VOCs FF i FH 7K A T SR 28 1 1 1A B
25 mL AR TEA RS A R il AR A AT
HIAb P 4 SRS HEA GC/MS 43HT. {43 EHy DB-
624 (Agilent 30 m x0.25 mm x 1.4 pm) , ZS HA
AL HE E K 0.7 mLemin ', #EFE O 150°C, R4y
TR, P THE 35°CARF 3 min, 10 °C +min =" T}
% 100°C, 5 °C -min ' FF & 170°C 1445 1 min. JEif
EI B F-IRIEE 230°C, PUBFF R 150°C , 1L i 4k
JFE 280°C , S FIAEIR B 0] 3% 4 3 min. ARifE il ek
[GRE () T IR A T 20 H0T.

13 Fp A 59153 H7 2% US EPA Method 556
AT AE AL T ¥E B 10 mL ZKEET 15 mL [ A AR B
N, A 100 mg 482K —H IR & BF . 100 pL 15
mg-mL =" 24 FHEC B PFBHA 7K AW AR B 5% 7,
o PR IR/ R U IR R 5. 45°CKIR 1.5
h 5, & EE R, T 0 R AN S0 Ll 10
mg-L 7 A 1,2- T AE M NAR, 5% 5 min J5 iE
TTEAR AL B A ZE IR A 2 em ~ 50/30

pm DVB/CAR/PDMS ZE HU 3k 7E %% ¥ # % 900
JE R AR T T AS A2 40 min. AR HUEE
J& , 3L RIFE 250°C 1Y GC #EFE HT# 5 min #E A GC/
MS 43 #r. {43 4E 2 DB-5MS (Agilent 30 m x 0. 25
mm x 0.25 um), HIA KA, WHEEH 1.0
mL-min ™", #FFE O 250°C , Ao dERE. THERE .
40°C £FF 2 min,30 °C +min ' F+Z 70°C , 10 °C *min "'
TH2 270°CAAHF 2 min. FiiE EI B 7 IR 230°C,
VU AT 150°C , (& 5 26 IR 280°C , ¥ 71 4 3R Aif
3% 4 2.5 min. B TS YT AL 1T
AN 5 Fh S b A, 7E i [ SR Mg
TESE T I VORI 5 S p A . s ot ek M
[FRE T IR AT 24T

ft R XURS: DA 1k e SO 2 I Sk 13 .
XFFIZSCHR AR R GY, -1,2- A LR
RID {5~ 0.020 mg- (kg-d) ™', 1,1,2-=& L kel
SF {E A1 RID {H43 %)M 0. 057 kg+ (d-mg) ~' F10. 004
mg- (kg-d) ™.

.-l
T*min
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2.1 ERUETR K AL E TS R )
AT I 30 Fh VOCs ke | H:
H AR 10 A (£23E 3 Fh THMs) , 2K 29 7 FhFI
FALA Y 13 i, LRG| B 7KOT A R XU L
2. Ky 30 Mk AT, Bk US EPA s [E 5
R E RIS YRS 10 . 3 28 VOCs AU R
BE F RIS Y > ki AE > K RZ Y. KR
FE R R YR K B A7 7 A B A TS e, ok
TEARY 7 AdEc 2y . Talkisk  AHLER . A1
T AR KT B 2. W ARt & b -
1,2- 50K -1 ,2- A LI 2 2- AN BEE
HEWETTAIKIEK | kAN T 20 AR A4S K TR

AR THMs 7EK K P ica K i AR dE A v
AR R IN AR B TR R A B A K A P AR
. EAE AP E EAOA R Oy W R A
(1) DBPs">") ALK IE /K FAE WK R B9 AE K A
Tt R XU AR 9 /0. 738 2 s 1) b 22 /K RIS I 7K
rh i RS B Tk ARG FE BT OK R R OK
G AR AR A A R Ak K K TR
HAELE (B EAORIE AR 2. XA YRR T H
A BRI AR E LSS | Ho A Bk B AL G ) #0381
BRE , FH G B EE AR /D (R A A 0 ik
Rt HA TR fa

BRI A Y . AR IR ZR W AG: e T R
43I 0.04 ~61.27 ., 0.02 ~35.61 #10.07 ~2.33
g e Lt 5% 5 R o L AH DG K SR o T R Ak

®2 HWHE VOCs IREKTER HERRE"

Table 2 Concentration levels and health risks of VOCs detected

GH Ay Gtk RREEE PRl SR EOAR
/% /pg-L /g L
) 58.33 0.34 ~16.31 60* 3.5x1077 ~1.7x10 73 1.1 x1073 ~5.4 %1072
—IR A H B 50.00 0.14 ~35.61 60° 2.9x1077 ~7.4 x1073 2.3x107* ~5.9 x10 2
TR 50.00 0.13 ~6.87 100° 3.6x1077 ~1.9x10 73 2.2x107* ~1.1x1072
R-1,2-Z5 20 91.67 0.07 ~0.18 S0t 1.2x10™* ~3.0x10"*
" Mi-1,2-— 5 4% 87.50 0.02 ~0.44 3.3x107% ~7.3x107?
i A
2,2- ANk 58.33 0.05~0.73
1,1,2- =5 gehc 16.67 1.59 ~2.66 5b 3.0x107%~5.1x10"° 1.3x1072~2.2 x1072
1,1- =& et 4.17 0.20 ~0.20 3.8x107°%~3.8x10°% 3.3x1075 ~3.3x107°
1, 2-"H ke e 4.17 0.20 ~0.20 5b 6.1x1077 ~6.1x1077 1.1x1073 ~1.1x10 "
1,1,1,2-lU5 k¢ 4.17 0.08 ~0.08 6.9x107% ~6.9 x10"8 8.9x107% ~8.9x1073
A 8.33 0.76 ~0.77 700° 3.2x107*~3.2x10°*
ZEnc 12.50 0.27 ~0.51 300° 9.9x107% ~1.9x10~7 9.0x1075 ~1.7 x10~*
WM 8. 33 1.73 ~2.33 20° 2.9%x10°* ~3.9x10~*
R [ T ARC
Xof — B G 20.83 0.07 ~2.02 500° 1.2x107° ~3.4x10~*
AR
BT HeoR 8.33 0.09 ~0.11
PR 100. 00 1.13 ~60.26 900* 1.9x107* ~1.0 x 10 72
L 95.24 0.42 ~58.20 50°
I 100. 00 1.07 ~16.37
THE 52.38 0.04 ~8.93
G 100. 00 1.06 ~15.47 6.7x1075 ~9.8 x107* 3.5%x1072~5.2x10"!
R 100. 00 1.16 ~8.61
Pk O 100. 00 1.41 ~19.85
wE&y  HCE 100. 00 0.49 ~7.81 3.3%1076 ~5.2x107°
B 100.00 0.49 ~43.78
FRE 85.71 0.05 ~61.27
o 95.24 0.11 ~41.04
T 100. 00 0.54 ~36.16
EAY i 100. 00 0.44 ~33.51

1) A EEerEHEYY, C o E e TG0 a A CENRFK AR (GB 5749-2006) ) ,b A7 US EPA maximum contaminant levels

(MCLs) , ¢ g MK FRIE 5 AR (GB 3838-2002) )
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YL BET A=K K TR 2Bk R (58,20
pee L) MR T IR O K R B B AR v (GB
3838-2002) ) (50 wg-L™") 4b, HAth Ak & Wi i ok
ARPR. B MK R T O SR A BOR AR (9.3 x 1077
~2.2x107*) BT US EPA XT84 Ji il 428 1 15 (A
(107° ~10 %) A, 38 5 50 1 0 AR FIR 2R 4 1) £k
BRI 4 4b TR AR K. e — g &
W O S ARG v A7 FE Y — Rl oA A HE
FEORIETHRE | A DG BRTRS 4 A T8, BAT
B EUEREE. I, X k3 = HE T RO K
THEE T2k Ut, AXT TR VOCs ( kAR FIZR R Y)
85 e B R A W AR R AR A

2.2 ERWTTKRKE R VOCs AR TR
2.2.1 KR

3K B T Lt B K A 7K i i) THMs 748

AN 2 7. 26 KT R i S5 K e TR0 48350
WERTFRG (VUG ,14 5) THMs FAK 1 (nd) , 763
JEFES (U85 ,15 5 ) THMs & IR R 2 THMs 1
e B B — E Y B A s ()02 R i A
(77K ,16 %) THMs ¥R AR K, Al 68 J2 S Iy 2 fisk
R [) S8 0 ) 45 SR b v B U e A 4 SR
TEMFMN KT DT K (8 5 ) v, THMs B A K i, 5
W ARSI R AEIE R K (9 5) AR =4
FE (TCM) AT E], 177K (10 %) H THMss #5248
K, SFEOKT AR —3. MK & ™

UL (11 5) KR THMSs B8 3k B e KAE, 76 A& 4
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Fig. 2 Transformation of THMs in water treatment processes and tap water of Lianyungang City
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