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Investigation of Polluted Sites: Analysis of Four Volatile Organic

Compounds in Soil Pollutants
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Abstract : Due to the lack of reference standards or literature, soil pollutant detection in
contaminated site investigations is a key and difficult project in site investigations. In this paper, a
purge and trap gas chromatography-mass spectrometry method was established for the
determination of four volatile organic compounds, namely, isopropanol, Cyclohexanone,

1,3,5-trichlorobenzene and Epichlorohydrin, in the soil of contaminated sites. Determine the
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grouping of compounds by examining the compatibility of reference materials. After the sample is
collected, internal standards and substitutes are added and directly purged, captured, and
determined for quantification using the internal standard method. The results showed that the
detection limits of the four compounds were 0.9~6.6pg/L, with a recovery rate of 92.4%~110.0%,
meeting the requirements of standard method 70~130%. The precision (relative standard deviation)
measured simultaneously is 1.7%~7.1%, which meets the requirement of laboratory relative
standard deviation <20% in the standard method. This method has wide applicability, good
reproducibility of results, low cost, good separation, and satisfactory recovery rate, which can
effectively detect four volatile organic compounds in soil pollutants during contaminated site
investigations, providing technical support for site investigations.

Keywords:Polluted site investigation of soil pollutants; Purge trap gas chromatography-mass

spectrometry; 4 volatile organic compounds; Quantitative analysis using internal standard method
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1 SRR
1.1 FEMESE N

S SO B B B A, S GCMS-QP2010, H AR E:; HshmHAidgkE, By
ATOMX-XYZ, ATOMX. BT KF: J&&EN 0.0001 mg, #EEFEL R Milli-Q BL4iK R
4,

L. pbral, TERRRHER AR A .

T 3 PR (R SUK-Dsy 1,4-5%5-Da, 2000mg/L) + FIEEH 3 g R4 (—
IREHFBE. HIK-Dss 4-JRE K, 2000mg/L): Iz 8B AR A PR A 7

1,3,5-=&7K: 1000mg/L, W1 izE MR A RA A,

FAEE: 1000mg/L, T4z 8 Bk BH IR A R A A

HCEA: 1000mg/L, T iz 28 iR R A IR A A

WA A Fe: 2000mg/L, W1z 58 A RHE A IR A .

1.2 ¥EVRECH
121 1L,3,5- =8k, REE. FCi. FEE R bre &

I3 MR EL 250u11,3,5- = 5K . 250p] S AEE. 250ul FRCAE . 125u A E AR R 4 4
1oml FEMF, HFREERZR 10ml, FHIK1,3,5-=%K. FRE. RO RN
Y17 25mg/L 14 B — 1) Jo o A FH K
1.2.2 RHE. FOF. 1,3,5- SR KRS AEE %

SR 25mg/L 1) 1,3,5- =508, AR M OB =FAs A . =B A br v
i FIA 4l 8uls 20pl. 40ul. 80ul & 10ml i, H2ARFIKEZ, B Sml #HK
T 40ml FESJRH, SR 10l (8 3 FhSARPIbRUERE IR, ARl 3 R PR LR &
B R VA R R R 2O 10pg/L 20pg/L 50pg/L. 100pug/L. 200ug/L.

1.2.3 RS RASerr S R b %

S BIRSEN 25mg/L (FIPR AU A FERRAE S P = B AR AR v A8 A% Sl 20ul 40pl,
80pl. 160ul % 10ml &S, HZEEAKER, B SmlERT 40ml #5230
N 10pd 1) 3 i N AR RS A FEIVRL, AR50 o 34280 SRUPA Joe b AV VPR SS9 20 g /L 50pg/L
100pg/L 200ug/L. 400ug/L.
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WA R TR F . Wi 40ml/min; WRFIIEE: 40°C; FHEFA]: 0.25min; K
FARFIE]: 11min; FPRIFIE]: 2min; UG PAIR . 245°C: BB EE: 250°C: WIS [A): 2min;
HEREEE: 280°C; MUERFA]: 2min; FRIZRIEE: 140°C.,

AR RE TR, BERECIREE: 200°C; A &/ b 100:1; HERE (E
WALD © 1.50mlmin; FHEFF: 38.0°C (£r#F 1.8min) , PL 10°C/min EFFE] 120°C (f&
FF 1min) , FLL 15°C/min bEFHE] 240°C; ik tt: OV-1301, fE/EA 1.80um, KN 30.0m,
WAER 0.32mm; A AR AEE: 35-500m/z; B TLEER: 70eV: B TRIR
J£: 230°C; $:RJE: 280°C; RM#s . S5 HE—5.

SENEE. HOE. 1,3,5- =508 MR BT R A S HOLE 1.

® RAE. 2, 1,3, 5-=8F. FESRRFURNFABNELEYE. EERNFHEET

Table1 Retention Time and Qualitative and Quantitative Characteristic lons of Isopropanol,

Cyclohexanone, 1, 3,5-trichlorobenzene, Epichlorohydrin

AW PREFIS A (min) SEVERS T SEEET
S 2.805 45,43 45
ZIRE A B (AR 4714 113 113
HA(NHF) 5.428 96 96
H 2£-D8(E 1) 7.220 98 98
SHE-D5(NHF) 9.020 117 117
BZ AL 10.506 55,45 55
4- IR AR (FAR) 10.644 95,174,176 95
1,4- S R-DA(N ) 12.477 152,115,150 152
1,3,5-= &K 14.375 180,145,182 180
WEAW S 6.770 57,49 57

1.4 SERPER
1.4.1 FER T

T HERE R4 I 2 18 HI/166 R GB17378.3 MIARSSHLRE . FITA B S 3 B 2 /b R4k 3
B PATRES, JER 60ml #F 5 (EOR T 60ml HARKURS (AL s 34 RE— i, H
T E B R B R A HLARE BB KR . R SRR G LA s, 18 [0 SR S
RSP FEMBUREE Y 5g, BRI N FR AT ) Ja BT i AR IE .
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BRI — R HTR A b e AR, 2 B A AR S AR e HoAbm vkl 28, BEATRE S 43
B, R AAREREAT E &, RS RE YR 1 & X(mgke), #RAX (D 5.

X=C*V/m (1)

~arh:

X RPN & &, BAA me/kg:

C RN WARE I TR AP R, 8847 mg/Ls

V FoRE AR, ALY mL;

m FRPERIORRRE R, BTN g.
2 R 50
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Fig. 1 Possible chemical reaction formula of isopropanol and Epichlorohydrin
B A S A e T P BB R A BT, DR B o) o R B B o T S A R D) 5 E A
Ol 1,3,5- =S R FFRR A N, 3 M B TR & — AL R e sy, DRIk w0
SEIX 3 MGG . AR IT R4y v 2 4.
2.2 BRI H)EFE



ARG ZARAN R L1 4 Fhys Jebn A0 2, WA 10pug/Ly 20pg/L. 50ug/L.
100pg/L. 200pg/L. 400pg/L. 800ug/L &, Z5HREH, 1,3,5- =& K. RHNEE. ¥ H 3 F
P2 R MEAT WLADTR A b T 900 o IR P KRB 10pg/Ly 20pg/Ly 50pg/L. 100ug/L. 200ug/L
55 NAFENIRIE, FE 10ug/L JFURIREERS, 3 Bl R A BP0 AR 250 B i A2 A6 H PR ZER
(HIRE SN AE 10pg/L BTk BERT, Wi AR A B o R At PR SR, i AAS IR 36 vh PR S S
e K B YU D 20pg/Ly 50pg/L. 100pg/L. 200ug/L. 400pg/L.

2.3 GHERR. KHR

Iy B 7 A 40ml WA BN\ 5.0ml 26K, PR ES 2840 BN\ 25.0mg/L ()
1,3,5- =5, RARE, OB =Fobr s R 2ul, #7800, BN AR s
WA A AR I 25.0mg/L 1) =Fp B AR bR AE 1 R 10.0pl. 25.0mg/L = Fl AR bR AE S
FIVR 10.0p1 WA, G 1,3,5-=80%, RNEE, HCE=Fbrl. =M B =7
BRI E 23 39 10.00ug/L+ 50.0pg/L F1 50.0ug/L, 4% TAF #2640 [F) 46 E 4700 58, 5
KPR WE TR W75 1,3,5-=50%, mAEE, POl vER R 0.9ug/L. 2.1pg/L.
4.0ug/L, RIGHE WA 2.

R2 IMMREMLR. RIHRER

Table2 Linear relationship and detection limit results of three substances

B 2 PEVE ‘ ‘ i tH PR e R
H¥s¥) SALAEIN S oy R A
(pg/L> (ng/L) (ng/L)
Y=0.8767x +
N 10-200 0.9997 2.1 8.4
4.1896
7NN 10-200 Y=1.101x - 2.3537 0.9996 4.0 15.9
1,3,5-= Y=1.1552x -
10-200 0.9997 0.9 3.7
AR 4.2939

SIRITE 7 A 40ml D 23 AN 5.0ml 2hi7K, FARE A S 38 40 B 25.0mg/L 3R
SR BE bR U VR 4, 7 SRS, O\ AR 0CES o s Sl A S AR AR N 25.0mg/L
F) =R B AR AR E A VR 10.0ul. 25.0mg/L =Ff PN ARIARAESE FI 10.0pl ERFVIAF, E
HIEA e =M B AW =Fh N AR EE 7373 20.00pg/L 50.0pg/L H1 50.0pg/L, #%
AR M AR S AT s, TR PR W TR WA PR AU VAR R A3 5

6.6ng/L, REEHE WK 3.
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Table3 Linear relationship and detection limit results of Epichlorohydrin

A GR[EA 16 PR M5E IR
Hir¥ AL Epap s KRB
(ng/L) (ng/L) (ng/L)
WEAENKE  20-400 Y=0.9998x + 0.0962 0.9997 6.6 26.4
2.4 BIREIEEE

7E 6 A~ 40ml 227 L IERE L D, GRS 0 0N 25.0mg/L 1 1,3,5- =5
o, SENRE, PR CUEE SRR 10.0ul, RS, BN b R R
BALIRIN 25.0mg/L 1) =Fh B AW FR S R 10.0pl. 25.0mg/L =P A BR 42 b HE A5 B R
10.0pl EWEIHA, fEH 1,3,5- =508, RWEE, HOB=FARR. =M &R =R is
VI 537129 50.0pg/L 50.0pg/L F1 50.0pg/L, 4% TAF M 4 AH R & AR 24T 2, THESPI84E
PRUEMRZE « R BRAE I 22 BAR FICR o 7E 6 AN 40ml 2578 T 3ERE S Wi b, PR
WA A 25.0mg/L 1] 1,3,5- =508, FARE, 2 CH =Fbs kT 16.0ul, #4EF L,
=PRI =R B AN =Fh N AR EE 43 501l 9 80.0pg/L 50.0pg/L AT 50.0pg/L. [FIFF
Hu, 7E 6 > 40ml R AR S W, TR VES A2 AN 25.0mg/L [ 1,3,5- =5
o, SENRE, RO =R bRdE A T 26.0ul, BRVER B, fE S RARIL S REA A =
PRV E 4354 130.0pg/L 50.0pg/L A1 50.0ug/L. #0850 4. 458 KM, 4 54
PRI TE A 92.4%~110.0%, AT FRHER 22 V5 H A 1.7%~7.1%.

®4 1,3, 5-Z8K, RRE, FCE=-MUWRBEEMEWEREER
Table4 Test results of precision and recovery of 1,3, 5-trichlorobenzene, isopropanol and

Cyclohexanone

W5 45 S (ng/L) 44 ke FIXHFR

e . Tl T e
S bR . Bl "
LY 1 2 3 4 5 6  x(ug/ (%) RSD
L) ’ (%)
50.0pg/L 48.9 47.6 47.3 49.1 51.5 53.3 49.6 99.2 4.7
= 80.0ng/L 77.0 77.3 75.4 78.2 77.9 75.0 76.8 96.0 1.7
A 130.0pg/L 1244 1342 1252 130.7 1285 1209 1273 97.9 3.8

50.0pg/L 548 494 546 535 530 530 531 106.2 3.7

B 80.0ug/L  88.6 84.0 795 782 91.1 799 836 1045 6.4

o=
pe=n|

130.0pg/L  137.3 117.1 1369 1374 128.1 138.2 1325 1019 6.4




50.0pg/L  47.0 492 498 43.0 456 446 465 93.0 5.7

1,3,5- 80.0pg/L 707 709 737 721 763 794 739 924 4.6
=%

130.0pug/L  129.4 119.0 139.9 127.6 1275 1241 1279 98.4 5.4
PS

R E N B = PR 3 AN FINFR R EE 2519 50.0pg/Ly 100.0pg/L 200.0pg/L, 4
W 5.
*5 HESAREEEMERRRESER

Table5 Test Results of Precision and Recovery of Epichlorohydrin

tE bRk E e &5 R (ng/L) Ty ks AR
LY 1 2 3 4 5 6 & B R

x(ng %(%)  RSD

L) (%)

50.0ug/L 505 562 555 603 511 563 550 110.0 6.7
W% 100.0pg/L  100.0 102.8 103.8 106.4 1088 1082 1050 105.0 3.2

A 200.0pg/L 2187 2054 1929 1945 1769 194.1 197.1 98.6 7.1

3 &g

ARSCHEST T WA AR U R R S e B 2 B R . R 1,3,5-
AU AT 4 FHERIMEE L. B IR A AL, R A R A T A
I B, MR AT BRI I VR . R RS, SR EIMELT, A
6, SSBEEUE, MAREICR R AbRifE 77 T0~130%0 sk, T/ BE CRIXTRRIE: I 2)
T B b 77 1P S0 % AR BRI 22 <20% B SR
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