KR 2026,45(2) :196-214 Water Purification Technology

{ [

DK R MR R SR A T A |

bonn l

WA e, BRINER, BRI, S5 TR R AL w0 RS DA UK TR R A ML R BRI (], K ER, 2026, 45(2) : 196-
214.
Huang D L, Chen R X, Chen C, et al. Environmental risk of VOCs in row water based on joint-evaluation of high-resolution mass spectrometry-targeted/

pseudo-targeted analysis [ J]. Water Purification Technology, 2026, 45(2) . 196-214.

ETESWRRERNERE/MEREKETEEREKPELETNY

By IR 855 XU B

WA R IE B W R
(LT ASRAEBRAFL T AR 51060032, [ ZZ38 T K BT Waim g ) 4 e sals 7 Z: 7 510600)

W E [B/)] ASCEERT S PETE m E a5 PR A S A AT Ts RESHT)T AR A oK TR B AR R K
WSO K AR R & B B (VOCs) 75 e RAE IR R BT UG, [ A3R]  ASCRAMBEMELS S MG
i — = T DU HR OB TR {SUE AT 7K H 60 Fft VOCs , 38 3o 19 25 $ RS 6 M €3 — DU SOFE ©AT IS ) T35 2 57 T /K A 196
il VOCs FOFUEE i 55 2 D7 i, DALE ST WF 58 ) BEAS [k 3] VOCs w51k, [S&R] M E BN 14 F
VOCs , HBTE R B 0. 001 ~ 16. 363 g/ L, LU ) i 2 HORTFERT S B h AE3HU L 53 Fh VOCs % LL & B, Al K K 44 vOCs
FIFPZE B S Y R TP KRR %25 5 R S KRR BRI R RERAM G, [4it] BRI
W BRAN K BT S LA SO K s B S AR AR 2 XU &, AR s A K RN 2 K 3 TE XU

KB SOPIEIE EREAV(VOCs) JsUK  TSHREHE KU TTAS

FESES . TU9I XEAPRAERD . A MEHS: 1009-0177(2026)02-0196-19

DOI: 10. 15890/j. cnki. jsjs. 2026. 02. 021

Environmental Risk of VOCs in Raw Water Based on Joint-Evaluation of High-Resolution

Mass Spectrometry-Targeted/Pseudo-Targeted Analysis

Huang Donglong'*>* , Chen Ruxia'>, Chen Cheng'**, Zhu Zhengliang'"

(1. Guangzhou Water Supply Co. , Ltd. , Guangzhou 510600, China;

2. National Network of Water Quality Monitoring for City Water Supply, Guangzhou 510600, China)

Abstract [ Objective] This paper aims to systematically analyze the pollution characteristics and assess the environmental risks of
volatile organic compounds ( VOCs) in water bodies during low-flow, normal-flow, and high-flow periods of a drinking water-source
river in Guangdong Province, based on comprehensive target and suspect screening strategies by using high-resolution mass
spectrometry. [ Methods |  Quantitative analysis of 60 VOCs in water was performed using purge and trap coupled with gas
chromatography-triple quadrupole tandem mass spectrometry. A suspect screening method for 196 VOCs in water was established using
headspace exiraction coupled with gas chromatography-quadrupole time-of-flight mass spectrometry. These approaches enabled
comprehensive detection and quantification of VOCs across different water seasons in the studied river section. [ Results]  The
proposed targeted quantitative analysis detected 14 VOCs with mass concentrations ranging from 0. 001 wg/L to 16.363 pg/L, while
the suspect screening method identified 53 VOCs in the river. Comparative analysis revealed that both the number of VOCs types and

their concentrations in water bodies during the low-flow period exceeded those observed during the normal-flow and high-flow periods.
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This disparity primarily resulted from the dilution effect associated with increased runoff during the high-flow period.

[ Conclusion| The ecological risk assessment indicates that, all monitoring sites during low-flow period and site B during normal-flow

period exhibited low ecological risk, all other sites showed no risk during both normal-flow and high-flow periods.

Keywords high-resolution mass spectrometry
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Fig. 1 Location of Sampling Points

Xof R ) A R RE S, 7E 40 mL AR IR o
A 25 mg HUIR ML AR B 100 pL ih AR (R B H N
1: 1), BJS, ARG S 2R HERR A 10. 0 pL AR
K RACDIR A bR, 37 RV I G 58 DU 9 2 4 P )
TR J B PR 26 25 B4 55 AR P TE T 2 AR LW
ATk i , A7 4% 1 H ARk

Xof T JUHE [ 5 A R L 7E 22 mL T 2SR A
4 ¢ FALHIFN 10 mg HUIR MR, B J5 A 10 mL 7K
FE IR A 10 pL 3hER (AR A 1 1) DLRRE
HFRgL oy Rase T, e i R o v S 25 43 B A
200 Wl PN A5 ARR A 90 TR A& b oE VA T, o7 B 35

W
1.3 W NSERSHEYE
1.3.1  7K4K VOCs H [ 52 &40 47

KR VOCs #8122 2 57 A1 2K - Agilent 7890B-
7000D GC-MS/MS, 4 TEKMAR W 45 47l 48 8 &
WA AR A5 0F . KR Bl 20 °C 5 IR i - 40
mL/min;M(iHBﬂ‘lElﬂf] 11 min;:]:[yj(if’ﬂﬂﬂ’l‘lﬂﬂﬂ 2 min;
TR BRI BE A 200 °C 5 BB EE R 250 °C 5 Mt B st (]
Hh2 min;iﬁi%?ﬂ%@fj‘] 260 °C ;‘ﬁjii%ﬁj‘lﬁjﬂ? 5 min,

SAH AR & . 3% A SR O DB-WAXUI
(60.0 mx250.0 pmx 0.5 pm), HFEOEE N
220 °C ;R R MRS (3 20 £ 1),
PP FHE: 50 C (2 min) —5 °C/min — 70 C
(5 min)—5 C/min—140 C —8 C/min— 220 C
(5 min) ; BACRHAEAZA, WEN 1.0 mL/min,

ik S A R B (EL) U+
b ARER FRER R 70 eV, PRI N 250 °C
AR 280 °C ; B FURIR 0 230 °C >RZ
S Wil ( MRM) A H#EAT R, 60 B VOCs 11 5T
ESHENFE 1 iR,

&1 60 VOCs ik S #
Tab.1 Mass Spectrometry Parameters for Targeted 60 VOCs

251 YA PREAR ] /min - EEEFX (m/z)  REERR/V FEVER TR (m/z) Tl e/ V
EE v AN 6.327 41.1~39.1 11 76.0~41.1 9
M 8.613 83.9~49.0 3 85.9~49.0 14
=B 12. 034 82.9~47.0 30 84.9~49.0 30
A 17.760 84.9~49.0 44 82.9~48.0 47
1,1,2- =5 ht 21.709 98.9~61.0 17 96.9~61.0 18
— AR 23.111 128.9~48.0 55 126.9~48.0 50
1,1,2,2-P5 2kt 28.931 84.9~48.0 37 82.9~48.0 39
NE-1,3-T 20 29.103 226.8~191.8 19 224.8~189.9 20
PSR 2055 12.296 165.8~130.9 22 163.8~128.9 23
T 18.173 173.8~92.9 20 175.8~94.9 24
1,3- ke 19. 031 78.0~41. 1 6 76.0~41. 1 7
AN b 19.750 49.0~47.0 23 57.1~57.0 2
1,2- R 2K 21. 857 108.9~93.6 54 106.9~92.9 58
HALKE 27.368 166.9~131.9 22 164.9~129.9 23
NALKE 27.520 202.8~167.8 18 200. 8~165. 8 21
IR 27.763 174.8~93.9 51 172.8~91.9 52
FFEREY LIS 13.130 91.0~65.0 18 92.0~91.0 17
%S 16. 642 91.0~65.0 24 106.0~91.0 18
] - —H 2 16.959 91.0~65.0 23 106.0~91.0 17
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251 Y24 PRE AT /min - @B (m/z)  fidERR/V FEVER TR (m/z) fli e/ V

Xt 2K 17. 196 91.0~65.0 19 106.0~91.0 14

W 21.785 104.0~78.0 18 103.0~77.0 14

TRR 24.993 157.9~77.0 21 155.9~77.0 22

1,3- 4% 27. 064 147.9~111.0 21 145.9~111.0 21

1,4- "5 H 27.777 147.9~111.0 18 147.9~75.0/145.9~111.0 32/17

1,2- 5% 29. 044 147.9~111.0 18 147.9~75.0/145.9~111.0 30/23

1,2,4- =4 32.328 181.9~146.9 28 179.9~144.9 27

1,2,3-=4* 33.984 181.9~146.9 22 179.9~144.9 17

% 34.304 128.0~102. 0 23 128.0~78.0 50

UADE S S 18.534 120.0~105. 1 13 105.0~77.0 21

LB 2K 19. 098 106.0~91.0 17 91.0~65.0 20

[R5 19. 969 120.0~91.0 10 91.0~65.0 19

AR 20. 190 114.0~77.0 20 112.0~77.0 21

BT HE 20. 980 134.1~119. 1 5 134.1~91.0/119.0~91.0 23/13

1,3,5-=H2% 21.307 120.0~105. 1 15 105.0~77.0 21

TR 21.386 134.1~105. 1 24 105.0~77.0 7

4- SN EE R 22. 168 134. 1~119. 1 14 119.0~91.0 17

1,2,4-=HIHE 22.719 120.0~105. 1 15 105.0~77.0 21

2-GAHIR 23.508 126.0~91.0 13 91.0~65.0 22

E TR 23.771 92.0~91.0 15 91.0~65.0 15

4= 23.983 126.0~91.0 21 91.0~65.0 14

fiks v 4.740 74.1~59.0 2 74.1~45.1/59.0~39. 1 13/15

PP AT e gk 5.090 73.1~43. 1 17 73.1~45. 1 28

ISR 7. 408 42.1~41.1 6 42.1~39.1/72.0~71.0 17/4

4-GK H ik 31. 990 144.0~129.0 13 144.0~101.0/142. 0~127. 0 25/17

2,4- "G R Tk 36. 545 175.9~160. 9 11 160.9~132.9/175.9~132.9 13/23

T2 4-H 52—} 11.759 43.1~41.1 4 43.1~39.1/58.1~43. 1 17/11

a— 5% 35.798 136.0~121.0 8 136.0~77.0/121.0~77.0 27/21

B2 2T 37.339 177.1~162. 1 17 177.1~147. 1 27

[LES FH B PR 975 2 FH Tl 11.522 69.0~41.1 7 100.0~41. 1 17

LTI R £ T 13.260 99.0~43. 1 15 69.0~41.1 9

IES P 12. 577 54.1~52.1 32 54.1~54.0 2

AW 26. 398 77.0~50.0 8 75.0~48.0 7

AL &) filHER 34.202 123.0~77.0 14 77.0~51.0 20

2- T EE N ¢ 16.267 43.1~41.1 6 43.1~39.1/41.1~39. 1 20/11

[[E=S e 28. 207 96.0~95.0 15 95.0~39. 1 18

U +R%E 35.758 112.0~97.0 11 112.0~69.0 40

2-EMD 13. 052 87.1~59.0 5 87.1~41.1/59. 1~41.1 13/3

2-EDD 18.118 115.1~69.0 6 115.1~41.1/69. 1~41. 1 20/7

2-1DD 18. 800 115.1~41.1 20 56.1~41.1/69.1~41. 1 /7

2 S 31.302 95.0~67.0 11 95.0~55.0 14
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FRUER IR BT ] 100 mg/L 19 60 Ff VOCs R4
PRSI 500 WL FHH B HAR B 10 mg/L T
VSR, 8 TAETRECHI N 0. 5~60. 0 we/L 55 i
RAVW ., FHH B bR S bR e s i e =
5 pe/L, G4 A 2 40 mL A% R R
o BERRIE R GV CE T IR AR A sk e
TR A MR TR A BT If A 3h
FA GC-MS #7504, KM MRM R A5F
5, DL BRI AR 5 P A g T AR 22 L A I v
JE2 bR E TAEMZ
1.3.2  7K4& VOCs 4D [ 5 25 20 BT

JKAA 196 Flt VOCs U 7] i A5 >R FH Agilent 8890
GC/7250 GC-QTOF-MS, Bl &A1 CTC H il HEes (£
ife4 B eSS ,CTC Analytics AG i 1) .

CTC H ShEFE#S 551 SR P TS SRR A
SHIEE A 65 °C 3 AT s ] h 20 min ; BUREET
TN 80 C ,Jﬂ:ﬁéﬁgiqj’:] 1.0 mL,

S GE S A% A DB-WAXUI (60 mx

250 pmx0.5 wm) . FEAECREEN 220 °C; HANA
A IR R A TR ERE (M 20« 1) AR
A 1.0 mL/min, fHRAA, FHRFETF .35 CIREE
5 min, LA 5 C/min FJEEFEFE 120 °C 245 3 min, Ff
Ph 12 C/min AT 2 230 °C,P-FF 5 min,

JETE A RSB TR BT B TR, TOF Ji
HERIE <2 mg/L(1E m/z 9 271.986 7) , TOF J5i &
Y EF(FWHM) >25 000( 75 m/z 2 271. 986 7 4b) |
EoREMH R I, TOF 2 i [k T fmf b 20~
3000, PUAR FT 43 B B f 3 Ry BT A L 20 ~ 1050,
B IR R 230 °C, B FILREEE N 70 eV, 1R
JER 250 °C, PUBFF LR R 150 C, HHBICR H
2FHE (Scan) , F 73 F 5 35~300 u,

BAEAL . 7 Aglient Masshunter %P4 {4 o fifi
JHH R PCDL £ 48 e ot i, M i 7% 196
6B Wi WG 9% 5 5 B PCDL 0ds 2 Bk &
YIER N 2 Fin, 3RS 4504 9 e A 5 4 ]
Microsoft Excel 2019 #4750+ 047 .,

®2 196 HUEWER. DTN .CAS S HHEEH
Tab.2 Names, Molecular Formulas, CAS Numbers, and Precise Masses for 196 VOCs

25 A Bk 7T CAS & 0 T i
v 1, 1-Z 5 C3H,Cl, 563-58-6 109. 969 0
1,2-"A %t C,H,Cl, 107-06-2 97.969 0

IR CH,Br, 74-95-3 171.852 0

RA-1,3-"5N C;H,Cl, 10061-02-6 109. 969 0

1,1,2-=8Zhe C,H,Cl, 79-00-5 131.930 0

HALKE C,HCl; 27766 199. 852 0

RALLE C,Clg 67-72-1 233.813 0

NE-1,3-T 20 C,Clg 87-68-3 257.813 0

1,2-Z 0 -3-5 Nk C;H;Br,Cl 35407 233.845 0

g U CCLF 75-69-4 135.905 0

TR CHBr, F 1868-53-7 189.843 0

11-Z“8 L C,H,Cl, 75-35-4 95.953 0

LR ot CH,1 74-88-4 141.928 0

TR CH;Br 74-83-9 93.942 0

- T % C,H,Cl 109-69-3 92.039 0

2,2- AN C3HgCly 594-20-7 111.985 0

Wi-1,2- 5 LM C,H,Cl, 156-59-2 95.953 0

Py S A CCl, 56-23-5 151.875 0
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el TSR i e CAS & et B i 5
1,1,1-=8 2% C,H,Cl, 71-55-6 131.930 0
ZFEAM CH,Cl, 27639 83.953 0
RA-1,2-"H C,H,Cl, 156-60-5 95.953 0
Api CHCI, 67-66-3 117.914 0
WM C,Cl, 127-18-4 163.875 0

Wiz -1,3- AR C3H,Cl, 10061-01-5 109. 969 0
B CHBr, 75-25-2 249.763 0
1,2,3- =%k CyH;Cly 96-18-4 145.946 0
1,1,2,2-MR )% C,H,Cl, 79-34-5 165. 891 0
— IR P CHBrCl, 75-27-4 74.036 8
HREAN L C3H5C10 106-89-8 106. 078 0
1,1,1,2-M45 %% C,H,Cl, 630-20-6 134.110 0
1,2- R K C,H,Br, 106-93-4 185.868 0

— A IR CHBr, Cl 124-48-1 205.813 0
ZRHE P CCLF, 75-71-8 119.934 5
KT I C,HsCl 129-99-8 88.008 0
=R C,HC1,0 75-87-6 145.909 3

TR b CH,BrCl 74-97-5 127.902 8
-GN C;H5Cl 107-05-1 76.008 0
ATHm C,H,Cl 27398 61.992 3
ATk C,HsCl 75-00-3 64. 008 0

1,2- 5% C,H,Cl, 78-87-5 111.984 7
1,1-Z58 % C,H,Cl, 75-34-3 97.969 0
KA B ke R C4H;Br 108-86-1 155.957 0
X AR Y Bk C,H,C10 623-12-1 142.019 0
2,4- R Tk C,H¢C1,0 553-82-2 175.980 0
AR CeHsF 462-06-6 96.038 0

1,2,3- =47 CoH;Cly 87-61-6 179.930 0
1,3-&0K C¢H,Cl, 541-73-1 145.969 0
1,4- 5% CeH,Cl, 106-46-7 145.969 0
1,2,4-=5%K CeH,Cl, 120-82-1 179.930 0
EE CeH,Cl 108-90-7 120. 094 0
22— C,H,Cl 95-49-8 126. 024 0
4-IPH C,H,Cl 106-43-4 126. 024 0
e S CeH,C1, 95-50-1 145.969 0

X TR CgH,BrF 460-00-4 173.948 0
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el TSR 3 F CAS & et B i 5
R C,H,Cl 100-44-7 126. 023 6

AR 1,2,4- =% CoH,, 95-63-6 120. 094 0
POy i CH,, 99-87-6 134.110 0

P S CeHg 71-43-2 78.047 0

S C,Hy 108-88-3 92.063 0

V¥ S CgHyp 100-41-4 106. 078 0

A K CsHyo 95-47-6 106. 078 0

(B = F 2% CgHy 108-38-3 106. 078 0

Xt 2K CgHyp 106-42-3 120. 094 0

SRR CoH,, 98-82-8 161. 864 0

ES CoH,, 103-65-1 125. 964 0

AT H CioH,, 35952 112. 008 0

=R CoH,, 108-67-8 134.110 0

fi TR CioH,, 135-98-8 120. 094 0

KL CgHy 100-42-5 104. 063 0

IET A CioH,, 104-51-8 134.110 0

TRy Y C,oH,, 535-77-3 134.109 6

%= CoHg 91-20-3 128.063 0

1,2- "R O C,H,0, 104-66-5 214.099 4

S 2-FBL T CsH,,0 96-17-3 86.073 0
R CsH,0, 35796 96.021 0

L C,H,0 75-07-0 44.026 2

4-PEIfTE C,H,,0 929-22-6 112.088 8

2- LI CeH, 0 6728-26-3 98.073 2

S C3H,0 107-02-8 56. 026 2

KA C,Hs0, 32912 122.036 8

+ C,,H,,0 112-54-9 184.182 7

Pt C,oH,60 5392-40-5 152.120 1

LEES PP 57 T S C¢H,,0 108-10-1 100. 089 0
2-CLfiil C¢H,,0 591-78-6 100. 089 0

1,1- 5N C,H,CL,0 513-88-2 92.003 0

o588 22 C13HyO0 127-41-3 192.151 0

B4 2 2l C,3H,0 14901-07-6 192.151 0

3-FHE-2-TTH C,H;0, 513-86-0 88.052 4

T ke -3-fi Cy,H,,0 1534-27-6 184.182 7

24l C1oHyO0 693-54-9 156. 151 4
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el AR 3 F CAS & 0 T i
TR C,HgO 78-93-3 72.057 5

FE P IR H g C,Hs0, 96-33-3 86.037 0
R LT i HH e CsH,0, 80-62-6 100. 052 0

F LT IR TR £ ik CeH, 0, 97-63-2 114. 068 0

TR g CsH,,0, 623-42-7 102. 068 1

2% R FH C4H,0, 93-58-3 102. 068 1

LR R C3Hs0, 79-20-9 136.052 4

TR TR CoH 40, 106-27-4 158.130 7

2-HRTMRS T CyH 50, 2445-67-2 158.130 7

MR L Tig CyoHs 0, 111-62-6 310.287 2

WML £ T CayoHy60, 544-35-4 308.271 5

e | C,H,,0, 713-95-1 198.162 0

N C,Hy0, 148051 198.162 0

R C iR CoH, 40, 2445-76-3 158.130 7

5 TR P C,,H,,0, 2349-13-5 186.162 0

TR C,oH,500, 2639-63-6 172. 146 3

LREBE CgH, 40, 142-92-7 144.115 0

A -3-C4% L IRTR CgH,,0, 3681-82-1 142.099 4

IR Bt C,oHy,0, 2216-81-1 172.146 3

PR £ g CsH,y 0, 140-88-5 100. 052 4

i i 1% FF 1 CoH30, 112-61-8 298.287 2

V7 i Y C,yH;,0, 112-63-0 294.255 9

SRR T R C16Hx0, 84-74-2 278.151 8

Fe e F i C,,H,,0, 112-39-0 270. 255 9

A2 R 5 TR C,H,0, 84-69-5 278.151 8

5-C U ER g C,H,,0, 2396-80-7 128.083 7

SRR TR C,H,,0, 539-82-2 130. 099 4

FIR Mg CoHy0, 106-32-1 172. 146 3

FH R A - T C, H )50, 105-86-2 182.130 7

SR TR Cp,H,,0, 110-38-3 200.177 6

SR P g C, Hy0, 110-42-9 186.162 0

IR LR C;H,NO, 51-79-6 89.047 7

ST TR CgH,40, 97-87-0 144.115 0

Xof 2 W IR — 9 i CyyHy 0, 6422-86-2 390.277 0

ks LTk C,H,,0 60-29-7 74.073 0
PR BT SR ik CsH,,0 1634-04-4 88.089 0
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21 TSR TR CAS & 8 ok 4
DY Sk I C,HgO 109-99-9 72.058 0

2-Z.H-5,5- " XE-1,3- CgH,60, 768-58-1 144.115 0

- HE-5, 5- T -1, 3- Tk CoH 50, 7651-50-5 16.230 0

TN AR CeH,,0 108-60-1 31.049 3

2,5,5-=H4k-1,3-" ke C,H,,0, 766-55-6 20. 465 0

Z Rk CeH,,0 108-20-3 102. 104 5

PR A e CeH,,0 994-05-8 102. 104 5

e 2,6- K CgH,,0 576-26-1 42.097 7
2— F AR - 4 R LR CgH,00, 93-51-6 138. 068 1

[ CoH40 89-83-8 150. 104 5

2-H B - 4- TS S 2K C,oH,,0, 94-86-0 178.099 4

2- - 4- IR FAET CyH (0, 7786-61-0 150. 068 1

2,4=-TRUT B C,Hy,0 96-76-4 206. 167 1

4G Ry C4H5C10 106-48-9 128.002 9

4-58 -2 TP HER Wy C,H,Clo 1570-64-5 142.018 5

2,5- 450K C¢H,CL,0 583-78-8 161.963 9

2,4- KB C¢H,CL,0 120-83-2 161.963 9

4,5- AR C¢H,CL,0, 3428-24-8 177.958 8

3,4-"50K C¢H,Cl,0 95-77-2 161.963 9

2,6- K C¢H,Cl1,0 87-65-0 161.963 9

4,5- AR C¢H,CL,0, 3428-24-8 177.958 8

4-MT BB CoH,0, 98-29-3 166. 099 4

1-Z% 1) CyoHgO 90-15-3 144.057 5

=S S CsH,0 123-51-3 88.088 8
2- P HE-1-TEE CsH,,0 137-32-6 88. 088 8

1- B C,H,s0 111-70-6 116.120 1

i C¢H,,0, 105-57-7 118.099 4

2,4-8 "Im-1-B CeH,,0 — 98.073 2

1-%8 P CoH,,0 112-30-1 158.167 1

o—FAYIIE CoH ;0 98-55-5 154.135 8

2-THE C,H,,0 78-92-2 74.073 2

e 1,3-T 20 C,H, 106-99-0 54.047 0
SRR CoHy6 586-62-9 136.125 2

Frigh CoH6 138-86-3 136.125 2

1, 13— a0 CqHyg 21964-46-8 194.203 5

IFES LB NP C,HsN 126-98-7 67.042 0
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el TSR TR CAS & 8 ok 4
) C3HsN 107-12-0 55.042 0

AN C,H,CIN 107-14-2 74.988 0

i CyH;N 107-13-1 53.027 0

(&S SR CsH,,0, 503-74-2 102. 068 1
2-HIEETR CsH,,0, 116-53-0 102. 068 1

TR CgH;,0, 112-80-1 282.2559

MR C,sH;,0, 60-33-3 280. 240 2

FAEY Ak S, 75-15-0 75.944 0
THETG C,H¢S, 624-92 93.991 1

2-C CeH,4S 1679-06-7 118.081 6

VA%l Cy4H, S 352-93-2 90. 050 3

1-THiRE C,H,(S 109-79-5 90. 050 3

2-(Liikk) o1 C,H,,08 110-77-0 106. 045 2

SRERAEY 2-TE SN % C,H,NO, 79-46-9 89.048 0
2- W B3-S N FE L CsH,N,0 25773-40-4 152.095 0

2- WA B3-S T e CoH,N,0 24683-00-9 166. 111 0

I CgH;5NO, 98-95-3 123.032 0

2-2, k-5 F Fknk g C,H N, 13360-64-0 122.084 4

2,5- 2 LNk CgH,N, 13238-84-1 136. 100 1

Xof S C4H,CIN 106-47-8 127.018 9

1,4-T "% C,H),N, 110-60-1 88.100 1

HoAth T RE Cy,H,,0 16423-19-1 182.167 0
2P S C,, Hy0 2371-42-8 168.151 0

7,9- T He -1 4. 5] %% -6,9- C,;Hy, 0, 82304-66-3 276.172 5

THE-2,8-

IR C,Dg 2037-26-5 100. 113 0

AR R C¢D,Cl, 3855-82-1 149. 994 0

2-LHE-4-HIEE-1,3- 45U CsH,,0, 4359-46-0 240.281 7

R C,Hy 629-78-7 128.156 5

R CyHyy 111-84-2 58.0419

WAL C;HgO 75-56-9 61.052 8

LN C,H,NO 141-43-5 116.083 7

XN CeH},0, 123-42-2 152.047 3

FER CgHg0; 121-33-5 116. 084 0

7,9-TRUT He-1-H4RIR[4. 5] %% -6,9- C,,H,,0;, 82304-66-3 109. 969 0

-2, 8-
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1.4 RERIESHREEH(QA/QC)
1.4.1 ¥ w7k

fEFE AR B M E s B S e
Fras ALV RIS g sk s BT S ZE
7 B 40 mL AR R SR 4K I A SR
M2 SPUIR MR , REE SRR, H TG 25 S5
PRAES R TSR AE L, 2R 2 AR T 52
552 P AR A K ) £ I I ADLIR LR , 76 R AR 8L
SRR S TR 35 0 A SR AR, DA il B 3 45 4 T
R R A TE e,

SVEAG 7 VA I HER BE S A R A i A T A
FIRAR FIIE B IFRAE & o 25 FOIBRAE i 4 1) 8 2
IR A GE R A A v b 2, FH 2P AG 7 2
JEE 3 5SROI it D00 308 3 ) 7K VR BRK 1 KRR R A
SRR E S A TR BT TR T AT IA RS
PREEBT AR . A BRE A a 38 5 SE PR A i [
AT RIAL TR S AT

FEAER AT BT B B, R YR i 00 S 15 349 2B A
ZRB U 0 v Y VR DA R ST R o I 2 R E
HERRPE [R5 T R 0 35 S Tl 3 11534 Sy gk
it FEAR , TR B AR AL o BT 4 SR i T 581
14,2 UL ) 0 A 53 B

TERERCRAERT B, WP B is i s 5 27
S AL JORIE, B AT SR s A,
16 22 mL TRZH A 4 g EALSH 10 mL #4lK 2L
LR AR s, Tl i 5 Rt 2 v
s, 2RPESATERENEA 4 ¢ Js
10 mL #BEEK , 72 RAE B 5 F AL AR & R A ER
M2 , AU A B 5

SRS AIE J5 A 8 B, AR BT 2 v A 100
pe/L(60 Fl VOCs) BY#B 4K 25 A EE M T 6 T
5 I8 E AR PCDL Bl % (D AL &Y
Bl e S LR R A R A A SRR xR A
BE AT PR A

SR A R, XK R BOK KRR TIR
A BERPInAS Az BTk BE R 200 we/L) , 55565
R R LI I8 i 1158 S s A 0 5 b
&P 2z L T oE

AR AT BT B B, A AL URRE 0 S B 1 2
A2 IR, T 22 mL TSR INA 4 ¢ Sbah s
10 mL #4fiK , 55 FE 7587
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1.5 XEEIEH
A SR Z P KA VOCs XK AR A3

RGUEAfCE R ETBL, AWTFOR AR R

(RQ)TERIEAL R, T = (1) ~(2) .

M

P

Ry =

(1)

p=t (2)

)
|

:RRQ—RQ;

15 Y AR BT B, e/ L
P——T0 JeA8 0 BT R BE e/ L
C—1EME#M{E, Z 1 US EPA T35 441
B e PBT (45 A A9 RA M F g
PEY) T 05 B AR I, 56 R R A B AR
Jry, EH) ;

A—PA R BUE A 10001
PE AR K BUK E B K A e BAsib G4

SRR 2SRRS4 A s 4 T3 1) A 2 XU, 501 R iR

B NI a3 BT 53 A SR AR R XU, HL AR

X(3).

Ry =R +R, +- + R, (3)
Hrp . Ry —— SR A S KU 5

R—= 1 ik s H An Ak & Wi -1k
Az S AU 5
R,—=5 2 Rk s H AR Ak & W 9 14
A SRR AA 5
R,—% n FPRAG Hh B AR AL & W A
A S AU

R RQ (AL R, A KBS 530 4 5. T
B 2 KUK (RQ<0. 010) fIRXUKS: (0. 010 < RQ<0. 100)
XU (0. 100<RQ<1. 000) /& KUK (RQ=1.000) .
2 BREITR
2.1 7JK{k VOCs i A A RIEER
2,101 R AT AR ARSI

HATE &7 60 Ff VOCs [ 7 ik, 115 16
R ARIE 24 FhO5 A2 S FhEESS (3 AR 2 AR
25 2 FIIEZE 2 P SEAL G 1 RS DL B 5 Fhk
WL, 25 SR BN 3 BRI i 44k
BT, R >0.99, 26 (E N 0.2~60.0 pe/L,
IR R 4 0.03 ~0.22 pe/L, 7kl @ F RN
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0.064 ~ 0.868 pg/L, Ml A% B0 K N 71.28% ~
106. 95% , A J7 ¥ W4 B v L B 2 PR A, T LAl A2 [
A E 7K 60 A VOCs FOER

TEJT IR AT SRR b A SO ST A I 1) R = A BT
25 SCHER R RGE B PR RE AR S AN, BT
ST TR TR -2 RS ERE T

I 3% ( PT/GCXGC-TOFMS ) i 43 B 77 1k, Hohn kg
ISR R 60. 1% ~ 128. 7% , KX FR HEIR 22 4 0. 8% ~
19. 5% ,C L Y1 W FH T 2 Bk ik b vOCs By A il
Wu 2502 % 5 GCXGC-TOFMS 437 77 1 ks 25 B
(RSD) <19. 3%, Inkr a1 %y 50. 0% ~ 124. 0% , fig
WA R E KFEH 100 ZF0 H s 53 HEsL &9,

*3 UEMER EAFRLHR EERESH
Tab.3 Compound Name, Regression Equation, Detection Limit, Quantification Limit and Other Parameters
%3 A I e ., BbRERRY TR

(pg-L7) (pg-L7) 5 ug/L 10 pg/L 50 pg/L

v A y=0. 133x+0. 008 4 0.999 2 0.03 0. 14 80. 89% 85.25% 98. 60%
A y=0.223x-8. 880 7 0.997 6 0. 14 0.56 74. 87% 97.55% 105. 52%
=& WL y=0.377x-0.142 1 0.998 5 0. 07 0.30 81.21% 71. 62% 92.37%
— IR y=0.401x-0. 133 3 0.999 5 0.10 0.39 75.98% 75.87% 91. 16%
1,1,2- =k y=0.849 0x-0.2359  0.997 7 0. 07 0.26 72.33% 78.51% 93.90%
— A IR y=0.196x-0. 098 8 0.998 8 0.10 0. 40 73.03% 93.55% 74.30%
1,1,2,2-P5 2%t y=0.651x=0. 340 1 0.994 3 0.13 0.52 98.13% 87.53% 86.94%
NE-1,3-T 20 y=2.263x-0.222 0 0.999 1 0.08 0.33 94.14%  105.05% 80. 48%
Lty y=0.855x+0. 181 4 0.997 1 0. 02 0. 06 75.94%  103.14% 90. 40%
T e y=1.327x-0.610 5 0.994 8 0.07 0.29 90. 20% 86.27% 97.20%
1,3- Wk y=0.489x-0.378 9 0.993 7 0.06 0.24 85.91%  101.27% 85.33%
AN y=0. 007x-0. 005 3 0.995 3 0.08 0. 30 90. 06% 77.21% 81.53%
1,2- Rk y=0.002x-0. 001 1 0.997 4 0.12 0. 49 73.72% 85.71% 95.90%
HELHE y=0.372x-0.309 3 0.995 3 0.03 0. 14 84.99% 75.30% 89.97%
NALHE y=0.185x-0. 134 3 0.998 1 0.06 0.22 73.32% 84. 84% 93.43%
IR y=0.266x-0. 083 3 0.998 1 0.09 0. 34 95.73%  105.20% 88. 74%
FFEREK LIPS y=1.647x+0. 024 4 0.995 4 0. 09 0.34 86. 66% 76.32% 78. 02%
V¥ S y=8.303x+0.783 3 0. 996 2 0.13 0. 54 84.41% 79.39% 75. 44%
[A] - — y=7.728x+0.551 4 0.999 9 0. 07 0.27 76.21% 89. 63% 82. 04%
XF Z HR y=7.441x-1.834 5 0.998 8 0.14 0.55 84.13% 72.83% 92.63%
R y=1.493x-0.297 5 0.998 6 0.09 0.35 85.04% 83. 46% 85.42%
TR y=2.406x-0. 127 2 0.999 4 0.10 0.38 91.41%  102.80% 84. 87%
1,3- 5% y=4.014x-1.457 1 0.995 4 0.12 0. 47 101.75%  97.09% 86. 69%
1,4- "5k y=2.374x-0.242 3 0.998 9 0.22 0. 87 96.42%  105.86% 81.45%
1,2- 5 y=2.564x-0.933 0 0.996 5 0.08 0.30 101.69%  74.03% 84. 03%
1,2,4-=450K y=2.475x-0.497 7 0.997 7 0.07 0.26 106.00%  98.85% 80. 40%
1,2,3- =40 y=1.882x-0.171 1 0.997 7 0. 07 0.28 103.30%  97.51% 89. 03%
% y=1.254x-0.151 5 0.999 3 0.11 0. 42 79.25% 71.28% 90. 51%
SR y=8.157x-0.853 6 0.998 4 0. 06 0.22 73.97% 87.53% 82.49%

A y=6.069x+2. 654 0 0.994 8 0.12 0. 47 80. 49% 84. 65% 92. 46%
RS y=12.096x-0. 787 2 0.995 5 0.11 0. 42 91.75%  101.34% 80. 68%
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(££3R3)
F51 WA TR SEE e R i FE{ ﬁz%ﬁﬁj SER I [T R
(g L7) (g L) 5uL 10 pg/L 50 pg/L
g y=1.223x+0. 606 9 0.999 2 0. 04 0.17 78. 69% 77.76% 81.92%
AT HK y=4.316x+0.045 5 0.999 9 0.11 0.46 85.65% 98. 47% 99. 13%
1,3,5-=H% y=7.275x-3.178 7 0.997 7 0.12 0. 46 88.25% 74. 80% 84.01%
TR y=1.537x-0.111 5 0.994 9 0.09 0.38 71.74% 76.76% 91. 60%
4= SN R y=2.775x+0. 618 7 0.997 9 0. 10 0.39 84. 65% 91.75% 90. 59%
1,2,4- =R y=4.904x-1.379 9 0.999 3 0.08 0.32 91. 56% 99.35% 106. 37%
2-SIP R y=2.582x+1.456 4 0.997 1 0.09 0.35 103.70%  104.41% 99. 24%
IETHE y=1.255x+0. 002 3 0.996 7 0.10 0. 40 95.59% 95. 87% 93.70%
4-FA R y=3.531x+0.929 7 0.993 8 0.02 0.07 91.51% 84.13% 90.31%
kA ik y=0. 186x-0. 131 0.999 7 0. 04 0.17 73.37% 75.29% 88. 09%
PP AT ek y=0.317 7x-0. 193 0.996 6 0.08 0.30 85.52% 87.26% 96.22%
ISR y=0.050x-0. 029 3 0.998 4 0.09 0.34 87. 80% 85.13% 98. 82%
4~ GF A gk y=0. 835x-0. 136 1 0.994 8 0.12 0. 49 103.78%  76.16% 97. 16%
2,4-ZGUOR ik y=0.311x-0. 091 9 0.994 5 0.09 0.38 94. 96% 73.22% 99.37%
2 4—H -2 B y=0.054x—0. 031 8 0.997 9 0.11 0.43 104.17%  90.58% 89. 09%
a—58 22 y=0.251x-0. 156 2 0.997 3 0.05 0.20 85.74% 73. 86% 101. 21%
B4 % 4T y=0. 122x-0. 068 2 0.999 6 0.05 0.20 79. 96% 79. 87% 106. 95%
[LiES R L P I 1R Y T y=0.259x-0. 156 3 0.999 2 0.08 0.32 105.65%  87.96% 86. 44%
HIIL VAR IR £ Wi y=0.427x-0. 149 8 0.997 6 0.11 0. 42 80. 73% 81.63% 87. 69%
I ES M y=0. 186x-0. 151 0.996 1 0.20 0. 80 94. 82% 98. 42% 87.93%
AW y=0.011x-0. 009 9 0.998 8 0.07 0.26 99.22% 91.58% 100. 38%
B S E7/ I (E S y=0.057x-0. 027 4 0.996 8 0.09 0.35 73.80% 77.67% 95. 00%
2-filEE N b y=0. 014x—0. 006 8 0.999 1 0.09 0.35 72.39% 72.02% 98.37%
2 T y=0.007x-2. 657 8 0.999 4 0.19 0.78 88.39% 95.26% 93. 10%
Sy R T RE y=0.338x-0.222 0 0.997 3 0.09 0.34 90. 65% 81.27% 98. 18%
2-Z3-4-HH-1,3- y=0.526x-0.148 8 0.996 9 0.09 0. 34 78.85% 87.55% 76.52%
ZEUE
2-2.3-5,5- " H- y=2.398x-1.769 0.998 7 0.06 0.23 87.25% 88. 47% 93. 46%
13-4 2t
2-5AH-5,5-"F % y=0.679x-0.091 1 0.994 7 0.09 0.70 87. 83% 96. 75% 98. 18%
-1, 3=k
2 I S 3 y=0. 1744-0. 112 1 0.998 3 0. 04 0.18 90.01% 84.78% 98. 65%

2.1.2 LSRR AE I L

ARHFFE F B PCDL B8 PR AL ELAE 0 1 9
VOCs 31 60 F,2 9% 136 F, 7EKS % 5 J5 1, 6 41
A RE S R 60 Fl VOCs J5 , SF 344 53 F VOCs
PAEREIR S IR Z N 88, 33% , e MERJE J7 1, %t
TAR T & Wk B A 200 pe/L IR A B AR (60 Fh
VOCs) WS BR/KE#EA T 200, 246 HY VOCs 51 F K
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A 85%, A RBE PR ILR,, B4
RAFMES M SREE.

K 2 R T =4 W ke (PCDL %44k 78 v B (5
L1) 5T WS (CEASRE L2) 76 Se bRt i i i
K5 PCDL B 5 S % 15 F X LLZ5 [ 18] 2(a)
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VCRCREH e, B L1 8 45 R R B m ny T
FEPE TR FE A bR o i B TR P it , L TR B AT R
# Al D HE A R AR 8 7 5 S LR, A7 L2 il E
PR E HO4G

B2 SRS PCDL FE AR Ex LE
Fig. 2 Comparison of Actual Samples and Mass Spectra
in the PCDL library

FAE TR A 251 BT GCXGC-TOFMS H AR,
SRR IR B W ORS A DT R, IR B 4R AU 25 RN
NIST 1% (HRifE 2% 500 e, 25 [ B R hn vl S A
LB, 92 ) DT EC R P 43 K0 U K R i it Y
7k A WA SEARIE L ST, PCDL & AL T
W0 T, A T ARV o 0 B ) £ L BT

S 5E B UERTE
2.2 RAKERAEF VOCs KI5 R4FHIE
2.2.1 ) E B BTk I B

4 G T KIS 2K AR R K U5 AT B
HORTRLEAL VOCs #8243 B i A R AR O . Al 7K
WA —IR A b = A b R — AU e
A NG BEEE NG - T ke 2-F sl £ R
EFRWELE 0.001 ~ 16. 363 pg/L, /KL
HR PO AR g R R T S 1, 1,2
ALK IR A B BRI 7 Bl VOCs, TR B
£ 0. 130~1. 363 wg/L, FAMAMIKE H =& H e . —
Bk AN T A e RCT Rk 5 R
VOCs, TR EETE 0. 096 ~ 0. 804 wg/L, HAh VOCs
MWk, 1 -8 M BT e 1 -3 T B 5§ 40
Al VOCs 7E T A7 7K AR i Rl 45 SR A0 T e 145 A
Rt B BRI, AR AER 81

MZS )3 AR | AL B AL C A K A
T BEAI ST, K Y VOCs PSR 22 | Bk T Al /K 391 4
ML B B =S GE A T AL C I S AR T
P S R AT, A A LT RTA AR

W p R PO B, 5552 13RS e BT, I
T 7 A 3 e A I g sl
F 4RO FARS FRBEAKERRE S VOCs $iEaE B HIER

Tab.4 Targeted Quantitative Detection of VOCs at Different Sampling Sites in Drinking Water Source

during Low-Flow, Normal-Flow, and High-Flow Periods

ab
HE &

Z 5 A7 VOCs

MK/ (g - 171

S (g - L7

FAKW/ (g - L)

LEYHR
A B o D E A B C D E A B C D E
(eSS ND ND ND ND ND ND ND 0.370 ND ND ND ND ND ND ND
HI2K ND ND ND ND ND ND 0.161 ND ND ND ND ND ND ND ND
— WA 1.418 1.406 1.457 ND ND ND 0.130 0.137 ND ND ND 0.111 ND ND ND
=& 0.135 0.105 0.525 ND ND ND 1.363 0.715 ND ND 0.419 0.804 0.429 ND ND
1,1,2-=%Z%: ND ND ND ND ND 0.324 ND ND  0.324 0.324 ND ND ND ND ND
TR TP 0.005 0.002 0.010 0.001 0.001 0.260 0.262 0.262 0.259 ND ND ND ND ND ND
- ND ND ND ND ND ND ND ND ND ND ND ND 0.044 ND ND
A ND ND  0.013 ND ND ND ND ND ND ND ND 0.136 ND ND ND
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(££5Rk4)
P R/ (ug - L7 FARW (pg - L7 FAW (pg - L7

A B C D E A B C D E A B C D E
BT ik AP ik ND ND ND ND ND ND ND ND ND ND 0.096 ND 0.118 ND ND
g 0.487 0.729 0.429 0.226 0.539 1.357 ND ND ND 0.308 ND ND ND ND ND
g 3.387 3.356 3.280 3.563 3.490 ND ND ND ND ND ND ND ND ND ND
-5 T 1.547 1.577 1.545 1.559 1.547 ND ND ND ND ND ND ND ND ND ND
2 B S 3 e ND ND 5.605 ND ND ND ND ND ND ND ND ND ND ND ND
+RE ND 3.843  16.363 ND ND ND ND ND ND ND ND ND ND ND ND

VEND FR A
Kt FP 2 2 1) B A

MR 3 K B, MK VOCs 19 i FhE 5
B e, FOKIIERAR, X —HUE R 2T 0 T
J7 T K ST Al K 142 U el > R 805 e A 5
PHIONT T R4 M S, F2 /K 9438 i 1 o 3 14 K, X
KA TG e 7 A S AR BEAE T FE A K
W - T e A R SN AR, W AR
S Tl A 7= e FH B A LG R b TR 5 s 5
i A7 E 7R 72 DB 0] R 32 B FRREe Tl R K HERU
B BRA A K S KR Fp R A ARG 2 - R S
BEEE L RER 2 s i, Horb b R BRI
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