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TR YK I EMEA YL E Y (VOCS) IR T /K IF/K 52 2 (3R 58 15 Yo e 7E b 1 3 T 20403 TR o SN P A A Rl 7=
Yy, AT AR o KR G B IFRE LK, MO PRSI W A R, Ak T AR K G e Y
B B SR IR, BARTAHIZK H VOCs BifF 9T B A5 SOk 2 B TE AL, (LS B T M ik FH K Fr s & A ML
YIRS I G TR o A SCAE) M T O IX BB 15 AN [R AL E AR SHEAT T A SRACOKEERSE , IR -H4E-SH
{35 T 1% (GC-M Q) H R G A M A E /K VOCs FFRNZSHN = FGER BT e BE o S55RR I, TNTT A3l X A Skok
H1 VOCs A5 20 Ffr, LI=KiHkE (THMs) FIOF&EEISHE, STk SEm 78%0L L, THMs HuFfb &4 (5
P TR A IS s JRDT RS H 1K 10006, = Y E T2 G R 46.46 pg- L K N 5331 pgr L
Fe/IME 39.91 pg: L™ M4 2006 it 8 A FH K bR, IOfh = 5 H o B e BE AR TAm v bR, 25 Arbnie Bk, xhivm b —
BRI A RO BIF ST B0, R K = i B A R R RIS, 8 = 5 H B PR R M Al 1.47 ng- L, 2952 ARk i i
WM 130, A T R bkt F ROk THMs iR B RE T, ABFIE BT T SC00 A THETT o G5 SR R BN AR 22 0k 1 1ot
B, THMs SRR B RER A ni e, ks E THMs B8, Bib 5 min nTRAKH20 95%0%) THMSs, 3K H
THMs JF K .
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PREZ, KRR EENGL, (AT XA A
FRETE il KA fa 3 R NAMNRIA FoE 48 1, A
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TETE I M2 559 (CANTOR, 1997; CLAYTON 4%,
1999; FAWELL, 2000; X %4, 2003), JLHE&HH
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SR PRBE NG, 1 2 B S AR K AR i
EL 28— 0 i 2 5 AT AN R 5 i) ) T
RIF=Ps AfEhildehr . FRETE 2006 RRAYHT XK
FrofErf, X ARAE 3 o ™ A LA P e
( CODwin) AR EZBAREDR, HIRSEH 5 Wiy
Haoh 53 Wi, FEAFR EXFUKHAK R A MG A
Woi ez A AR GE . EHAT, AN E

KRR R AEA WL &Rk A s S A
T (M-S, 2007) . ARG BUSAR (2 vk (X
A4, 2000). MR A A S ik (P B 4,
2006) . WRAAAE S L S YR (52, 1999;
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R A, AT LAETRAT T2 N ik
FHAK B TR 22 40R00, 7 BREERRUE G Y 5 4L
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1 REXHMIHAE
1.1 WRMEXHEER

Hef, M (FX ) 595 51 Stk 4
b 63 [RIKT M AE TP OIRIX . FE X, TP,
AEHRIX B3k . AT A . o, N T A ROK
O3] 6 KT AT HO R XA K K 4t
KA 70%, T E A O3 X KA oIk, B
SEIEIE R EE o 2R 1 A0 ) N T RIK A R AR
T
1.2 REAHE

SRR BB AT Y B ) LG IR X SRk
IVOCSIK -, AWFFELrG % 18R 16 F KKK
TR B PRV LT R R R A, R
PEFE T 15 RAE S A THE S IO R AR o RAERT ] &
201244 12H , BB AR BREA (a0
ST HHERYER I B IR K, IERAERE M1
FEACTEIRAR NIs i FIERAT, EECAbHE, SRINTER
FE& BT
1.3 HEXRSHHE

A S 2 I USEPA-52445 T 15, R M-
il - 1 - I R e AT e 7K v
HHLIE YW (FEFSE, 2009; 4524, 2006; #H42%,
1997; W ETFEE, 2005). S HTHRAER . HUS mLAE R,
& A Tekmar 20167K FEMAT4E T, AR K Th iy
FERYER LYY, W HH7E Tekmar 30004 £EKF i, HridE

BIFER o T O B LA IS, AR B A L4
BEA S HEAGC- MSRGHATENE . .

TR RAFUT

Tekmar WIS FEME 20mL, KIS,
AR/, W R 40 mL-min™, W]
11 min, FHEEBHEERNREE N 40 °C, R EEE
220 “C, WiFftstE 2 ming fHEEBFR R 225 C,
K RE s E] 20 ming

Agilent7890 GC #&ff: ikt HP-1(60
mx0.32 mmx1.0 um)E41EH:, SN 99.999%(
i A FHERT: P 35 °C, f&%F 3min; L)
5 °C-min™® R THEZE 120 'C, #LL 15 C-min®t
B R THR 2 250 °C, {54F 10 min,

Agilent5975 MSD 4fF: #RNE 285 C; &
TR 230 °C; PURAFRLE 150 °C; #RIAER
275 min; FHE R 8, Bl i 35-350
amu,

1.4 SESWH

TECHE RN &F T, HIRESEA 20 mL
Milli-Q BB Zl/K AT E A OpL . 1ul, 2pL,
3uL. 4ul. 5yl {EARFRER AR (20.0 pg-mL™)
12 pL IARARIERT I (20,0 pg-mL™) #4740,
DL N bR T AU IEARER B RS, AL IE S 15
Ny Bbrfe S m S g e (B ) BdEfERR
HEhk . BFRILEYI7E 0~100 ng T FE Y2t BT

F1 MTERKARREAKER
Tablel Water supply situation in Guangzhou

K™ B Hs (77 md?) BRI
K1 40 FIa BT A, VI LA, FEHR X HERE:
K2 80 HIaRREH . FZRELEE . &0, R 85 RIHHhX
kI3 100 FHUEIX . MK R XA X
KT 4 100 TR, R KRy . B 05 X
KT BIKIT 6 70/50 IR X CEATRED) | B, R X AR PR LA S5 b X

B1 T ERKEMREERGIE
Fig.1 Distribution of drinking water sample sites
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B 2 THMs tri H & E
Fig.2 Canonical plotting of THMs

KRB (RPME) BR=mH % (0.95) 4k, HAY
FE¥IAE 0.98 LA b, GEBH T 9% 05 2% 0 T S il 2
O E . THMsHRifEfZR N 2 s .
BB E MG L (SIND) 301 A i) o i vk
JE AR B EARAG I FR AT % 0.053 0 pug-L ™5 AR4E ITUPAC
FEPRatire 5 0 LB HUE , AR EZ: RSD
FER RTINS SR ARG 2 5 o I 5 b TR BRARE
of FHRCRN 2 pl PIBRBRIFE R FRGE S04 5K, LA 5
URESLB 45 AT A AR R IR 22 R =V Besh, RSD

YI/NF 15%; XFFRl—AFES, FRRER LSBT
REFE 4-5 7%, HZE GCIMSD RS T 5w, H
S — U A W 7 55 H A LR i 1 1) B AR A 2 S 5
R, SRS E3) T3 2,
2 XWHERS5H
2.1 B3Rk VOCs gy
W HLIRIX 6 8] A kKT A rE R 15
ARHKEES AT e, G R R YRV E Y
20 Fi, 20 FfLa i gt AL AN 3 Ui, BAR

*2 ZHRRIVSH
Table2 Experimental parameters

THMs S FR FEHE T BIEpRE FHR AL FAH:I% BICRI%  p(RIFR) (ug-L ™)
=M CHCl4 83 y=305316x—1771531 0.9846 10.71 98.21 0.05
—IR AR CHBrCl, 83 y =222741 x—2019611 0.9812 7.74 93.37 0.14
TR e CHBr,Cl 129 y =177926 x—2475246 0.9819 11.22 827 0.16
SR CHBr3 173 y =78282 x—1217630 0.947 34.22 67.84 0.24

B3 rmHROcERERAERREE VOCs BB FHE
Fig.3 TIC of GC-EIMS of VOCsiin drinking water samples

E: L R 2= 328, 4508 (W), 5.—R_&H

Xf-HOR 12 =R BB 130K 14.48-—
P10 21, 1,2,3-=HI 39K,

3 6.HZE; 7.5 kR, 8 —EH kE; 90U M 10.47K; 1108/
2R, 16 R, 160ERHEAR; 17.0I4-Z 3 %%, 18. 1,3 5-=H AN, 19.1,24-=HHIK; 20.2-
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S A RIKT BRI K o 45 2840 B WG H 15 DL 43 A
W 3,

M 3EHI, k)T 1 A ¥KFT A VOCs fik
BZAN, TN IR X AR T AK RS HY VOCs Fk
FFPECREA AR ] 5 A H A VOCs B ALRE = i H
BESSHIFFIRZE, o A i 2 78%1 I,

% 3 5% 4 a IR, B=pmk1CH BRIy
T, HAbZE VOCs [ I Fh ki, 448
Lk & W e . PUEkRR, T 1,1- &
CIEM L,1,1- =R OB R S ORI 5
LA R FURKHIRK; HAbiPRh 2-
HE-1- 3B . 55 LAl 3k T A AF 5 B (B T AT 45,

2006; MK HE4E, 2007; B EAE, 2009), M T
D3R X R K R Y 32 A R 2 AR A
A, GRS R AR

i1 5 [ K TR S LA T ISR R L
AT TN IRIX A Rk R ) VOCs Fh2s
b HEWTATREJE R MK JEK T A ML AR
AN, BT INTTIE 10 4Rk XK IEK iR ERA —
E UK

B TR g A R B, ABIFgE HxF 4 = pa 4t
e T 17 . BARANRess th T AR bk &
Vg xt i, (EARE BT S s i E b &L S
WA TR R W vy, AT AT AR NS AR S W 1 e I RE X R

®3 T HROEXBdRKF VOCs Bt H 1R
Table3 Test result of VOCsin drinking water samples

Kl = B ERWSRzes A I JFERE SR HAb
K1 4 2 1 12 ND 1
K2 4 2 1 7 ND ND
K3 4 2 1 9 ND ND
K4 4 2 1 10 ND ND

KI5, 6 4 2 1 7 ND ND
ND 7R A Kl
x4 AEER (HAR) RAKFHES VOCs SERME (pg- L") Mt
Table4 VOCs content standard limit of different countries (organizations)
VOCs 257 GB WHOE? USEPAR EU
=L 60 200 80
s (e e —R A b 60 60 80
=R CGHTRERD™ ) —m 100 100 8 100
=R 100 100 80
ZE A 20 20 5
UtfeR i 2 2 5
itk LT NAD
1,2-—H 30 30 5 3
1,1,1- =8 ke 2000 2000 200
11,2-=8 ke 5
A 5 5 2 05
1,1- "M 30 30 7
RIwAE 1,2- I 50 50 170
=AM 70 70 5
Ut 40 40 5 Lo #A)
S 10 10 5 1
FOR 700 700 1000
HEIEA T 500 500 10000
L 300 300 700
LA 20 20 100
—HR 300 300 100
1,2- "5 1000 1000 600
SR 13- 5% - NAD
14- "5 300 300 75
SHEA (R 20 20 70
I 0.4 0.4 - 0.1
HEdk NET I 0.6 0.6 A
FERI (IZRIE ) 2 -

NAD: B B IBUR A T # e IR REE S8 - ot b o Tt
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/No M 2-1 IS FREUH 2540 6 s TR 1Y) E g
AR, SRS S LK. =&
bt —IR TR, AR TR [ TR 2K
TR = R e S5 e DU A X A1
2.2 "MW AkAKH THVs BIREREKT

TN NRAE R FHRAKH THMs B9 H ik
100%, H GCIMS RS /M s+ 1K 3 vl A, —
SR A—IR T B N Fr i o ARSI T
HUIR X E SR TS THMS & 454 B K BB ik
FHARRRHE, FIFHAMRES T E &, Sk E M
FAHKFET S THMs B BRI, 403k 5 BT,

MEES T EGE (2 5) Al%, N RO
X 6 ] F SRR AR A KRR H 4 Ff THMS B )55
WA HEF . CHCl3>CHBICl,>CHBr,CI>CHBIr3,
Hrp, =@ ki mik, RmmikEl 4273
ug-L; 6 ] FISEAK) T, KT 1 AR THMS
Bk e (5331 pgL™h), sk 4 Bk
I8 (39.91 pgL™), HAl/K) R EMHZERL
(44.60 ~ 48.04 ug-L™ ). HED 7 |22 51 ) J5 PR Al i
IIFIK AR, AL BT 2 AN ] 45 A o R B 5
ENGE

AL 4 T LA BTA ) M IR IX Y 2R
K, A B S & THMs B8 1 75.9%,
& THMs AR, Hodr, sk 4 K00 H il =S H e
B E 4y AR (69.5% ), Tk~ 18 =4 H
Ft 43 2 B A R (180.2% ), 5 HA/K T HH EE,
KT 4 R ) — TR A T B A S R
(23.0%), /KJ 1 A9—IR G H B B o0 7 W AE X
BN (165%), M2, =R SRS,
Bt i e/, 7E 1.0%-1.5%30 F N o

XF L o K AR LA S WHO, 32 [E Al

B4 rfmHOoER&ERRAK TR THMs HES 2
Fig.4 Percentage of four THMs in drinking water samples

R AT R ACh i, MY SR TR it
4 Fp THMs BT FE YR 82K, 1 53 s AEXT
B,
2.3 ¥tk THMs HIREREKE

P I K AE IR TR K P 7 T AR KR Ee ]
FrUASE RS PREE 17 M2 o i & A &Y 5
PR AR AT A, a3k 6 P

£5 TMTAROEKR ERKH THMs REREKE (pgL™)
Table5 THMslevelsin drinking water samples

THMs K71 K2 K173 K4 KBk 6 TRy EF i
=a 42.73 34.95 34.67 27.72 36.33 35.28 60
T 8.78 9.07 8.07 9.19 9.54 8.93 60
e 1.25 1.85 1.30 2.40 1.60 1.68 100
= 0.55 0.59 0.55 0.59 0.56 0.57 100
B 53.31 46.46 44.60 39.91 48.04 46.46
x6 JIINTHEAD THMs BIREREKE (pgLl?)
Table6 THMslevelsin bottle water samples
S 4livgK HRK .
#1 #2 #3 Ty #1 #2 St
=EM 0.46 05 1.08 0.68 0.33 0.43 0.38 0.56
—IR AR 0.46 0.49 0.72 0.56 ND ND 0.33
ZIR—E b 0.7 0.7 0.73 0.71 ND ND - 0.42
= ND ND ND - 0.78 ND 0.39 0.16
B H B 1.62 1.69 253 1.95 111 0.43 0.77 1.47

T ND FoR AR
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NF 6 P T LU, A = R e
K 100%, B IRKH—IR SRR IR —5
G AR TR IR, 7 =95 e 7E 2l vk vh AR A
o BRI THMs RS thaidok b, ik
JERAAKAG, an—yR A e A R — S BE
TER FK R BEA R, miaidok h R

HEMZEE RS KIEKA O, #aigoKoK IR R
K, Zead G TR A S, F R K Bl Pt — 2 25
BR&, A TRES A IR AR .
RS, HBK BT i THM s Bk BEARAG, A=
He P-4 1.47 pg L™, FeK{Eh 253 pgL ™
24 M BERKSHHEKS =K BRI

HE 5 ATHL, Tt A RKIS Rk, Y]
Rzl THMs, Tt [ 2R K HH T 3 B9 THM 'S ST & vk 3
(46.46 pg-L™) M E T KT & 8 THMs i
WHE (147 pg-L ™), Hb, AP =T bR
KA 63175, —IR G e ISR Ay 27 5,
PR35 IT 2 1 R — e RN = e S AR S
FIXTEEAG, A SRk X PR R R K B 415 22
Fio BN, ARKP ARG R, &
WH—G B 20 5 TAJHAK T, W R
AHIT

‘ T I 5 }
N I
o)

plug: L")

B=amsR

SEERE —ACEER
B 5 JNWARkSMmEEKS THMs Xttt
Fig.5 Comparison between THMs levelsin drinking water

TE-RER =EER

and bottle water samples

MR TAS, ESRT T H DR IX H Rk
H) THMs B 2456 B E BT IR K AR, (HH:
J R BTSRRI 2 o KK S AT A
TR EAHDE, T A SRR T AT A
WrhmaE i e, BRI K 2 R
25 BRERE#IBFRKH THMs B0

THMs J& THEEANY), &AW GEf—R
SR e ST 100 °C, HE il A R B i
SR IR R S S EK TR VOCs, R
WA, AR REE A kK Y KER 4> THMSS
B SR TIREE K &% VOCs Jfi b ik 52

B IR, AR SR 98 FIHRAE 2518 AR — (L B A R 2 A,
1989; BRIEAMAE, 1992; T 45E4E, 2002): A kTS
WA SRR S, TLAZBRER /IS 2 VOCs,
FE—E R R AR fE S ; WA FRAE A&
Wb G KA A AL R 2SR B e ok B AR s, £
2 MBI R XM
AR H THMs B2, 25 3T T HISFoE .

TE T 5 TR IR I ], 2 5 SRR R R 85 A2t
Fe KA AR RS K (103K 250 mL By7kAEE ), Hidr, &
TARFRIGEE AKREESN, He KR PR 7 X
AT 1. TR SRR, SR AR
T IERL, 30 "C~90 C2ZlH)EEFE 20 CHL—4~k
FEEAT0MT, 4394 30 “C. 50 ‘C. 70 C. 90 C
PREF— e MRS U 20 S TR IS S
SCURET, SRAEUE T IR ven NS A
PRI RIE O =ik is , 4390 F 23 0 min,
0.5min, 1 min. 3min. 5min & BEAE . it
T, FrA/KEEXMCET . e, KBRS E
IR, PRSI rk (W 1.3 7)) i T,
SLIRZE R LA 6,

ME 6 ATLIE Y, FHE & E ST kK
THMs IR B = AR m,  H & il i A kK rp
THMs sy B B B, THMs 355 37E 60 C
P b, IR 2 50 CHmE S,
THMs Bk T-FF; 78 50 CZ 90 CHiR
i, THMs B e EApkas, Hibmads
KU RE LI, —CHkifds e 65 CHY,
THMs Jii & ¥k B 35 31 e K{E(WEISEL F1 CHEN,
1994; ‘WU %, 2001) & s Fsiz a8 42 1 Jit PRl ]
A5 BRI R A SR S AR (TOC) A
X: FHEIMBARF S K TAEIE RN, fEfiEZ
THMs (AR, TR BT IR T HAE K b B i
B, MNITFE THM s J5 5 v W 1B 1 v 1 HH AR
KA. SR, EARREHISHE RFHRT

1£ 90 ‘C5¥hiE 0.5 min AYIX[H], THMs ik
BRI, L, THMs i 1A =4 e fi—
TR AT BERHh S 7E 100 CLATR , HAWishdy ity
S IR KA 1 R AT R S TR A e T B 2 e I ot A
HhPE A I R B BNV T AR R AR, A2
HEERAYEC, HRER S THMs Mok rhi R 3)<f h
FrblZ EFmHERIR A, BRI T UK H VOCs By i
IR,

TZIX A THM s[5 2 ¥ JBE  FRAEGUE B 1 iAoy
B SCREE— AR AL BRI Y VOCs, T 7K
H THM s [T VR 3 2 202/ N AT AT L e B i R
g, FECABRHERASE, ML R THMs
o e AR AT AR 2%
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6 RERERIBRKH THMs K200
Fig.6 Effects of temperature and boiling to THMs content
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R7 MAHEBERERET THMs RERE (ug- L") REBRE (%)
Table7 THMslevelsand removal rate under different boiling time

THMs IR IR %0 min #%0.5 min L min %3 min %55 min
=AM 42.39 23.64 6.40 363 2.49 2.20
—R A E b 10.03 4.68 155 0.94 0.60 0.49
TR 1.61 1.06 0.70 0.63 0.47 0.23
= 0.71 0.00 0.00 0.00 0.00 0.00
B 54.74 29.38 8.65 5.20 356 2.92
4 THMs 6% 0 46.32 84.37 90.33 93.65 95.42

TR A W] T THM S 8 5 H 4k 3 R 68
N 7 FR: W% 0.5 min 4R LR KRR A
K THMs [ IR B o SF-2 = UCRFE T IR 25
W, kS 0.5 min J5 B = i H e )T R R B
54.74 ug-L 1 BEAK % 8.65 ug-L ™, LRk 84.37%,
M3k 3 min B EBRRE 4440 95%, &3k 5 min
JE7KH THMs SRR A S 2.92 ug-L™, FEAGA
FIHE K U K
3 it

VOCs 38 F77E T M HC 3 X R 45 ) A A
K, B =R BRI B IEAh, Hith25) VOCs
RS AP A . THMs DURME S P rAs R
ik 100%, {H 5Tk B YA G B R B R K AR
AN K 2Z e = < e i e i g, R
KT LRGN Y PR B (53.31 ug-L™), K
I~ 4 BRI AR (39.91 ug-L™), HADUAK
T RGN P J e R 5 V- 4 o e v LA

TR KR = & B R 100%LU4N, HAS
4> THMs,  HRR e B Bk T H R KT &
) THM s Joi f: 146 B ARG FR

TP X R 7K THM s 4 o 1 3k 1 A B 5 14
M. 2 -50 CF sk LBk, 50 C
~90 ‘CF THMs ik EH B A LA, 90 CH
I 2 R P I 1T A 1 ek
THMs BB . (HE W5 B kAR & i
THMs Sk FEA HOR S K ) THMs BT vk
B, R T AR R AL B AE T2, 12
(== SN0y 95

S
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Research of VOCsin drinking water of Guangzhou
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Abstract: The existence of volatile organic compounds (VOCs) in drinking water, which may create adverse health effects on human
beings, is due to the organic pollution of the water sources and/or the formation of disinfection by-products (DBPs) during the
drinking water treatment and supply processes. Since the reform and opening up, Guangzhou has been undergoing a rapid increase
and development of population and economy, which is accompanied by many serious social and environmental problems, such asthe
safety of drinking water. Although the VOCs in drinking water has received increased attention in the world, the research on this
issue in Guangzhou is still scarce.

In this study, 15 tap water samples were collected at different sampling sites in center city district of Guangzhou. The VOCs
species and trihalomethanes (THMs) mass concentrations in the samples were analyzed with purge & trap preconcentrator coupled
with a gas chromatography-mass selective detector (GC-MSD).20 VOCs species were detected in the tap water in Guangzhou, and
above 78% of these species were aromatic hydrocarbons and trihalomethanes. THMss, which include four species: chloroform (CF),
bromodichloromethane (BDCM), dibromochloromethane (DBCM) and bromoform (BF), were found in al samples. The mass
concentration of Total THMs was 46.46 pg-L™, ranged from 39.91 pg-L™* to 53.31 pg-L ™. Compared to the national standards for
drinking water in 2006, THMs mass concentrations in Guangzhou tap water is under the corresponding standard limits. As for bottled
water which iswidely sold in the market, the THMs mass concentration was fairly low, and the total THMs in bottled water was 1.47
ug-L™? in average, which is about 30 times lower than the tap water’s mass concentration. In this research, we also designed
experiments to study the influence of temperature and boiling on the THMs mass concentration in drinking water. It was found that
before boiling, the concentration of THMs increased with the increasing temperature, and after boiling, the THMs mass
concentrations plummeted. After 5 minutes boiling, more than 95% THMs in drinking water has been removed and the THMs mass
concentrations were close to the levelsin bottled water.
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