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Abstract

In order to develop a rapid and effective emergency monitoring method, the paper uses headspace
sampling/portable GC-MS method for developing the in-situ testing method of 25 volatile organic
compounds in water. The recovery of 25 volatile organic compounds ranged from 80% to 120%,
the linear range was from 0.4 to 39.8 ug/L, the linear correlation coefficient was greater than 0.99,
and the relative standard deviation (n = 6) was 20%. The detection limit of the method is between
0.20 ug/L - 1.36 ug/L, which meets the requirements of quality control. Comparing portable gas
chromatography mass spectrometer with desktop gas chromatography mass spectrometer, the
result shows that the precision of portable gas chromatography mass spectrometer is slightly
lower than that of desktop gas chromatography mass spectrometer, but the analysis speed is bet-
ter than that of desktop gas chromatography mass spectrometer. The detection of low concentra-
tion volatile organic compounds in environmental water samples proves that the analysis can be
applied in practice. The development of in-situ testing method solves the shortcomings of tradi-
tional methods, realizes the rapid qualitative and quantitative analysis of pollutants in the field,
and provides strong technical support for emergency monitoring.
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1. 5|8

AR, AT Tl e KA E VR K, (HERZ e @ B S A 4, SRRl T4
kit = SRR PR BT SO A, AT ERAFHRR[1] (2], HA DRI R A TS S o I, W
B 5 fe B RO A= ) (P Ak i 22 42 ( 3]

FURT, A DG 3 A A LD G R o0 S e A7) 32 R PN TRAE N S 56 8 65 AU 70 Y
RGF B SBEHURAR, KEN LSRR SIS, ASREPRE T E 7 A A B KR SRR
FE, BRI T M SR BRI, RA BRI AT LA RO AE GTERI A A2

T A 45 (5 485 20U B BOR P B i A A VB e AT BOR[4], ATRIOF R R VA
WUMIE CIAS N 7 3% 2R B[ 5155 A0S B 485 30 USRI A IO b R 1 3C8% BAT 0 W DR A s 1
FAERR SR AL FRRIS[6 R T B[ 7155HEAT T AR AT, 45 R BRI BORTE I FROK N 2 s W o B — 58
(KIS FAIHES 0B [ AMAH GBI FE[8] (91X (5 485 20 UBT IR A BOARAE R M R KA i AT 1 A, 15
B 7ORESERHAE, (HARRIMESE R A AR g i k. B D % ORI E A T
IKFNE K R R AEE IR LA 5k = RGBT T, MRIIEE AL, SFIEMHE .

AT K 28 S AT 485 30T I P VR M 3 K R 25 B R A ML 1 S AR I i v AN o s ),
TEASCER R BE AN SR I 45 SR 5 A% G0 07 1530 AT A2 05 TR AR LU BGAIE, D9 ST K 48 A A A LA S e I 75 325
MBS -

2. FikEsr
2.1. SCEERF
S T FH B4 227 3 B AccuStandard 25771 25 R R A HURER, 68 T &LE. 1,1-—&
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I AR (B)-1,2- "5 OH 2-5-1,3-T 20 (2)-12- "R OMw. =& Pkt 1,2- &k .

PSR, =/ OMm. REE AR B, R OE. &, L8, & —HZR, A HZK, K2
Wi B SRR L4-T80K, 1,2-250K . NE-L3-T 20, BRI E R B IIR A 500 pg/mL 4k,

HARMFUREEY A 100 pg/mL, HARKFAHEE, 401508, WM 1,4-—50K-D4, Bphtaikal, DLk
A A

22. IWFRERE

A SIS it F 22 EE S0 A AR Y Mars-400 {455 2 A0 (0 nl i ik e A A . 2448 7890A + 5975C S AH i
FRREREAX . HS Smart T4 /WKAHHEEHERE R G0, BS224S 7347 K F(0.0001 g) R E RS #(100 pL).

MR EAFF FE N SR 45 205 6 FH A 7 V2 6 S R 48 560 1) 7 B it 2R 910 2 A 1D 20 B«

1) #ERARAERVIFE S TGS, R E.

2) BRI HERET7 V25, Ve AT 26, B 7925 K A EORE R TBON WA Al R 26 B RS R B 2 S min,
SR G AR ET R NAE S T, 384T 71 o 2 L RE A B0 2 R DI A IR BEAR TRt FR, B A0 HT 45 SR 1 5%

3) $ZMEDIR )MERN S T ARAE RIS, AR 2 . RE S S IRIR B A ST, 5 7E Hp ]
NSRS E M, DA R B b 5% B 5 M IR A i 2 A

4) SEHAZHED IR DRI T INFRFE S 2 EARER S IIFRFES . PIRIAS R KRR B 75 25 (1A, 85 sg
XEMA o

5) REIFTARE S B 58 U i AT IR, AT TS ERE R GRS 4R

2.3. FRAERE M iEERECH

2.3.1. FREMERER

DAF BT, #4100 mg/L (1) 25 PR G R AEVERMRE 10 6%, 13 10 mg/L MIRE&M. R — 2 A3
(1% fits & 25T 40 mL BRSO, DN BRSO AR 470, ASEACHIERI, 193] 1. 2. 5.
10, 20+ 40 pg/L MIFRAERE S, Hod AR EE N 10 pg/L.

2.3.2. AfRRERR

10 mg/mL [I5CARA 1,4-508-DA TRA WARFR W PRI 0.1 g 1) 1,4- —50K-D4 BN 10 mL &
e, BRI 97 pL (SR, HWEEES, B3N 10 mg/mL WARR. FHCH T EHEE 1000 £, 19
F 10 mg/L 1A brfidi &

2.3.3. ERYIREBHR
10 mg/mL [ 4-FLHR: B 63 pL 1 4-3a, H RS A ZE 10 mL, 53] 10 mg/mL SR HER
FEUCH FHEEARRE 1000 £i5, 193 10 mg/L Rk &0

24. EENUBESIEY
MRS AITERE, IFZ B ATHNREE[10]. HHEEE[11A0 B RIESE12]WEFESs R, L Es b

%A

WA B 44 1E : A AU R AU, IR BN 100 mL/min, WA A A 1.5 min, T-WRH 18] 4 0.5 min,
B RS 5 220 mL, W PRHET IR BRI B2 D9 i I, T PR RATIR B2 2 300°C .

RS, Bi%A N DB-5 MS, 5m x 0.1 mm x 0.4 pm, #SMEN 0.2 mL/min, 23 LA 100:1,
R AR LRI N 150°C, AFREEIRE N 150°C, FHEMAEFF N 60°CL#FF 3 min, Ll 10°C/min F+% 80°C,
FELL 30°C/min F+Z 230°C, {#£F 1 min,
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FgE: BTN 3D B FHE, IRE N 80°C, HHEE RN 40 amu~300 amu (full scan).
2.5. FRAERMERFIE

AR FEAR B B = AT AR e RVIFE S, BRI -FAT 04T 3 4. AIRIG R FHARAE B8 1 Rk kT
o RAXHRERIENERYICE 24 SEIEE), HA. 1,4-5FK-DfEANNIR. UFERIRE S AFRIKRE
M LLAEAE R AL bR, DARE SRR 25 1 W T B 5 Y AR R AAE 51 D& TR AR LU ALV AR, 2 N A A it
2k, HARDLE 1A 1.

' ' ' ' 20,21,22 '
300.0+ 18,19 ]
25,26
250.0+ 23 -
g . 28
£900.0+ ]
2 17
§ 16 24
£150.0t -
o
2l 9,10 15
=100.0+f 14 ]
12
5 11
67
s0.0+ 4l/’s ]
2
1
; 13 UL L
O.G T T N T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50
i 18] (min)
I—& W 2—1,1 —FH O 3— HHE: 4——(B)-12-—& M 5—2-
H-1,3-T 20 6——(2)-1,2- "5 s T— =& F ki 8——1,2- ALkt 09—
10— PU&bER: 11—/ 12— =& M 13— HE& Ak 14—

15—V LS 16— 17— LEF; 18— i =HI%; 19— H%;
20 SR HZR 21— O 22— 23— INFER; 24— R
25——14-TFHK-DA; 26— 14- 25K 27——12-TF0K; 28— NEA13-T 5

Figure 1. Total ion chromatogram of the twenty-five species of VOCs

1.25 fE R MBI BB TRE

Table 1. The regression equation and correlation coefficient of the twenty-five kinds of VOCs

= 1.25 IERMBENMAIREAL LR GRER SR

e ¥ & B T (m/z) Bt 22 LRMEAR O R AL LM (ng/L)
AL CH;Cl 62 Y =0.186X +0.043 0.9960 1.0~38.2
LI- =SR2 C,H,Cl, 96 Y =0.282X +0.010 0.9990 0.8~38.8
TRk CH,Cl, 84 Y =0.548X + 0.009 0.9946 1.1~37.4
(B)-12-—& & C,H,Cl, 96 Y =0.492X +0.022 0.9969 1.0~36.2
2-5-13-T )% C4H;Cl 53 Y =0.873X — 0.003 0.9983 0.9~39.2
(2)-12-—5 )% C,H,Cl, 96 Y =0.653X —0.008 0.9989 0.8~39.4
=& CHCly 83 Y =0.990X — 0.001 0.9986 0.9~38.5
12-—F ke CH,Cl, 62 Y =0.644X - 0.011 0.9973 0.8~37.3
P'S CeHe 78 Y =1.189X +0.019 0.9995 1.0~39.5
AR 3 CCly 117 Y = 0.450X - 0.017 0.9999 0.6~39.8
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TR HR) CeHsF 93 N — —
=R C,HCl; 95 Y =1.306X — 0.096 0.9981 1.1~36.9
TR C;H;CIO 57 Y =0.118X +0.002 0.9974 1.9~32.4
I C;Hg 92 Y =3.044X - 0.076 0.9994 0.4~38.4
R 24 C.Cly 166 Y = 1.766X — 0.147 0.9990 1.0~36.5
EIES CsHsCl 112 Y =2.415X - 0.027 0.9975 1.2~35.8
LHER CsHyo 91 Y =2.990X +0.235 0.9917 1.4~33.2
V] & %of — T % CsHyg 106 Y =3.843X +0.392 0.9931 1.3~33.7
AR CsHio 106 Y =3.704X + 0.307 0.9903 1.4~32.1
WIF CgHy 104 Y =4.390X —0.211 0.9996 0.5~38.9
BAJ CHBr; 83 Y =0.663X + 0.019 0.9956 0.8~37.4
P FERR CoHy, 105 Y =3.909X — 0.061 0.9994 0.7~39.2
SHRFR(E R CsH,BIF 95 Y =1.673X - 0.031 0.9992 0.8~38.3
1,4- & 2E-DA(N %) CeD4Cl, 146 — — —_—
1,4-"&K CeH.Cl, 146 Y =2.965X —0.175 0.9964 0.9~36.4
12-— &K CeH,Cl, 146 Y =2.689X —0.135 0.9974 0.8~38.7
NFEA3-T % C4Clg 225 Y =0.622X + 0.029 0.9946 1.0~37.3

M W BLE M, T YIBRZIEARSC /B R T 0.99, Hirb 1L1-Z&4IE. R, IR, IR L.
WO TR LML R BT 0,999, LA RLF, LM TE 0.4 pg/L~39.8 pg/L.

3. FEREREH
3.1. FEREE

R 8 FERHMIRIR L 5 ng/L 1 25 Fft VOCs bREVE UL 6 21 74T S8, MRAE 2 QiSRG AR v f 22,

FRTIVERIRS L, SR R 2.

Table 2. Precision of the twenty-five kinds of VOCs

% 2.25 MER MBI AR EE

&) Ponni:H L EA I} [A)/min P E/ngL RSD (n=6)
Aok C,H;Cl 0.375 438 11.87
LI- =SR2 C,H,Cl, 0.397 5.54 18.73
A CH,Cl, 0.425 5.62 12.14
(B)-12-—5H W% C,H,Cl, 0.48 457 15.86
2-5-1,3-T 4 C,4H;sCl 0.535 5.38 14.60
@)-12-—H W C,H,Cl, 0.576 521 15.25
=Rk CHCl, 0.623 4.66 17.01
12-—F ke C,H.Cl, 0.74 5.02 10.85
* C6H6 0.775 527 12.19
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DY Sk Bk CCly 0.775 5.15 11.29
=HLE C,HCl, 0.971 5.06 747
WA E NS C3HsCIO 1.131 26.95 5.39
LIPS C;7Hs 1.426 4.63 9.64

R 2 CCly 1.68 492 9.48
EES CeHsCl 1.924 521 19.22
LHER CsHio 1.989 4.85 11.88

) &% — H 2R CsHio 2.039 9.37 14.43
I CsHg 2.147 5.02 8.62
R CsHio 2.147 4.96 11.31
] CHBr; 2.147 5.13 12.85
FEPFER CoHiy 2.287 4.80 13.83
XA CE ) CeHBrF 2313 5.04 18.45
1,4- 5% CeH.Cl, 2.689 5.24 9.10
12- 5% CeH/Cl, 2.749 5.05 11.67
NE-13-T C4Clg 3.33 6.46 421

M 2 WTRLE L, AT Y5 AR dE R 22 B0 7E 20% AR ETE Y, Hdh =& 2. R E R b
M2, WEIK. BOE. 148 EM 1,2- 2520 RSD #F7E 10% AN
3.2. FiRERE

KR ACHIE, RIS pg/L. 20 pg/L F1 40 pg/L 1 25 Fh VOCs FrutEdai, @i s ml i sz
WIUEMG o SRR, 2RI 3.

Table 3. Accuracy of the twenty-five kinds of VOCs
7 3.25 ML MBI G R ERE

A I AR E /g/L AR IR [T U2 /% HR S B [ /% R BE AR [l /%
W 0 104.10 100.61 92.20
L1- =5 L) 0 95.76 101.13 96.01
TRk 0 105.21 98.02 100.46
(E)-12- =5 LK 0 108.69 101.72 101.25
2-5-13-T 20 0 93.92 98.85 93.19
Z)-12-—H LK 0 102.22 101.15 99.44
=& 0 104.11 103.75 101.17
1,2- 25 Lkt 0 108.50 100.55 103.27
w 0 113.81 96.19 103.60
Y S 0 96.87 98.14 101.66
=R K 0 101.15 100.85 102.68
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IR 112.52 111.38 105.15
LIPS 100.95 101.05 106.72
Uy i 97.40 100.35 103.41
HAK 115.27 102.75 102.74
LHER 95.50 101.21 112.78
) &Xof — F R 92.08 97.89 109.08
KN 103.47 99.05 104.64
PR 98.84 99.79 98.27
B4 99.75 93.34 99.09
SRR 96.57 102.08 108.05
Xof R SR 102.93 103.25 102.89
14- 50K 98.85 100.82 106.63
1,2- 50K 98.18 97.28 103.53
ANFEA3-T W 101.71 103.87 103.87

SEIGEE R EoR, 25 MIERMER VIR ER, IAREISCRIE 92.08%~11527%2 [8]; FRHkEERT,
IAbREICRAE 93.34%~111.38%; milk ER, IidrBIKCRIE 92.20%~112.78%; InAs Bl R 1 £k 3

80%~120 Yl FUVFRRAE, BEWSRAIE S 06 B i vEAf 1 o

3.3. AR HR

MRIGTHER R SLIGTTE, L1 ng/L ARAERE g O RF IR L, 1208 (RS DN B T vk pn e 2
HEARTN) (HI168-2010) 77 A6 H BRI SEIG AL IR, R i DAOCAL B R AL BT A KR, B n IR(n =

7), WEFRAERZE, 2R WA 4.

Table 4. MDL of the twenty-five kinds of VOCs
4. 25 MIER BN E G TR

wEw FrifEfR 2 (SD) MDL(pg/L) IREE R EARME(E (ng/L)
LW 0.079 0.24 5
LI-—& )% 0.158 0.50 30
A 0.182 0.57 20
(B)-1,2- 5 ¥ 0.169 0.53 50
2-5-13-T 0% 0.134 0.42 2
(Z)-12- AW 0.174 0.55 50
=R 0.218 0.69 60
12- =& L 0.258 0.81 30
* 0.182 0.57 10
VY ST 0.160 0.50 2
=R 0.148 0.47 70
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R 0.454 136 20
LIPS 0.116 0.36 700
Uy 0.179 0.56 40
£ 0.264 0.83 300
VA S 0.201 0.63 300
[ & — F 2 0.376 1.13 500
L 0.160 0.50 20
A 0.167 0.52 500
R 0.157 0.49 20
EALE S 0.189 0.59 250
o LR AR 0217 0.68 —
14- 5 0.154 0.48 30
12-— &K 0.199 0.63 1000
NRE-13-T 20 0.065 0.20 0.6

M 4 HHE[CLE R, 25 PR REA PRI TR HBRTE 0.20~1.36 pg/L 2 1], 3iEE] (HiR/KIH
B EARvE) (GB3838-2002) 1 HiiE HIAS: H B2 5l

4. FFEFTEE
4.1. {LEs1EREXTEE
B RS RBEHAS 6 AR B FEE R &S LM RS iTxt, W& s.

Table 5. The quality control data compasion of the twenty-five VOCs
= 5. 25 MIER MBI AR BRIZ BRI

B {5485 20U IR A AX & AR X

i 12 H R /ug/L LRV g/l RSD/% 12 H R /ug/L LRV g/l RSD/%
A 0.24 1.0~38.2 11.87 0.28 0.3~40.0 6.17
LI-—& 2% 0.50 0.8~38.8 18.73 0.09 0.1~39.4 8.23
TR 0.57 1.1~37.4 12.14 0.05 0.1~40.0 532
(B)-12-—H 2% 0.53 1.0~36.2 15.86 0.11 0.1~40.0 7.46
2-5-13-T 0% 0.42 0.9~39.2 14.60 0.09 0.2~38.4 3.86
@)-12-—H K 0.55 0.8~39.4 15.25 0.32 0.3~37.6 3.78
= 0.69 0.9~38.5 17.01 0.05 0.1~40.0 235
12-—5 2k 0.81 0.8~37.3 10.85 0.05 0.1~39.2 424
* 0.57 1.0~39.5 12.19 0.10 0.2~37.1 8.63
VY S AL B 0.50 0.6~39.8 11.29 0.05 0.1~39.8 9.29
=R K 0.47 1.1~36.9 7.47 0.10 0.4~37.2 2.34
2N rsp o 1.36 1.9~32.4 5.39 0.45 0.7~35.7 5.23
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CiFS 0.36 0.4~38.4 9.64 0.09 0.1~40.0 1.13
W 0.56 1.0~36.5 9.48 0.09 0.2~40.0 425
AR 0.83 1.2~35.8 19.22 0.09 0.2~38.3 14.52
LHEH 0.63 1.4~33.2 11.88 0.09 0.1~40.0 6.32
IF1] & — R 1.13 1.3~33.7 14.43 0.09 0.2~39.2 10.07
WS 0.50 1.4~32.1 8.62 0.09 0.2~40.0 326
A — 2 0.52 0.5~38.9 1131 0.09 0.2~40.0 5.23
Wi 0.49 0.8~37.4 12.85 0.28 0.4~34.2 5.89
LATSE- 'S 0.59 0.7~39.2 13.83 0.10 0.1~40.0 8.92
X IR TR 0.68 0.8~38.3 18.45 0.24 0.3~37.8 11.53
14- 250K 0.48 0.9~36.4 9.10 0.11 0.4~35.7 6.59
1,2- 50K 0.63 0.8~38.7 11.67 0.10 0.3~38.6 8.81
ANE13-T 20 0.20 1.0~37.3 421 0.10 0.1~40.0 1.69

£ 25 R I M i b, 6 sOUBIB I SRR BRI, ZRIEV R 5E, Fe s S
gi bpnig, & sRBUB AR Sk RERN T7 V8 B A0 T4 0 UBBk A A, (B8 SO B kA A A i
AT RETRVAPY o 2 A E =S4 s Zif d itk i B

4.2, IREEKEDHRTEE
FEE AL T X P R KRR A M RE S, R A S P 48 485 2005 e B AR & 20 AR B T AT S

FERG A REAT LR, T 2. 3, HraER I 6.

1.0 x 106
8.0 x 105
(]
2 6.0x10°
>
(]
2
g 4.0x10°
9 12
2.0 x 105 T
Bt HIR
5 9
0.04 2 M
T T v T T
10 15 20 25 30
Time (min)
I—— &b 2—— =&k 3——1.2- 25Ok 4—VUEk: 5s—3%;
6——=E LM T— B §—— A LHM: 9——IH&I ZHZK; 10—4f = H

K 11— s

=

12——1,4- 3K

Figure 2. The spectrum by Table GC-MS
B 2. BXSREAGEE
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wd D]
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Time (min)

I—12- "8 Ok 22— 3—HF; 4—14- 251K
Figure 3. The spectrum by Protable GC-MS
B 3. EEX SRR IGER

Table 6. The monitoring results compasion of WL

= 6. BEMEERITEL

T
5

Ry B R (ug/l) 45 R AR S R (ng/L)
A 0.539 ND
=R 0.079 ND

12-— 52k 1.06 0.948
LR 3 0.278 ND

P'S 0.305 0.860
=R 0.452 ND

2 0.477 0.372
W 0.518 ND
i) & — R 0.411 ND
AR 0315 ND

KA 0.170 ND
14-— 5% 0.719 0.892

MEREGEE Rk E, JKEE b G 2 USTIDE R 21 (8 R B ML Rl 8 22 2 45 US4,
5 0TI AR B 1 P B o 5 AR DRt o LRSI B A 1,2-Z8 ke K. 2R
A 1L4-ZFK, 1,2- A LSRR ZEAE 10.9%, KEPIMXRZELE 182%, HRMAHIREZELE 22.0%, 1,4-
TEORIAHXT R ZETE 24.1% 0 NG SACERAT DA R, (58485 20 A U B (4 S35 7 A HBR BA R
AT IR ZE R, TR R FLk B O 200 (0 485 =043 88 T VA b et 2R 1) 2R MV

4.3. FFESRKETHTITEE

PARAE NRFIETS e, FZRMIARAERCE 104 204 40 png/L BRAERE &, K AR HERE S [R1IN (6 F fE45 20<
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R & sORRER AT, A 45 RS R e O SEAR X W 22, 8 I A i 22 LB B AR AEAN
[FIREE T I T8 R Z 5%, G5 RIAE 7,

Table 7. The monitoring results of characteristic pollution

T 7. FHESRKFEIEMEER

PRUEFEAIR B (ug/L)  (EHE RS R (/L) X i 22 (%) G AL R (/L) HEXT i 22 (%)
10 11.026 10.3 10.897 9.0
20 20.985 4.9 20.846 4.2
40 42.202 5.5 41.642 4.1
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