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Abstract

Volatile Organic Compounds (VOCs) in sediments, which can cause human health problems, have been
monitored in Korea since 2014. Measured VOC concentrations can be affected by matrix type and the
volatility of target substances. In this study, (1) VOCs volatility and the influence of matrix interference
were confirmed, and (2) internal standards (IS) method was applied to improve analytical method. For these
purposes, method detection limit (MDL), calibration linearity, precision and accuracy of VOCs were compared
in various matrices using the IS. Some of VOCs in sediments showed different peak areas and reduced rates
compared to water matrix. It was suggested that adsorption properties of sediments hindered the migration to
vapor during heat pretreatment in headspace method. A calibration curve was created in clean sand. Recovery
rates for the calibration curve method and IS applying method were 64.1~83.1% and 99.1~119.3%,
respectively. Relative standard deviations ranged from 11.1% to 21.6% for the calibration curve method and
those for IS ranged 4.7% to 13.7%. In case of real sediment, calibration curve and 1,2-Dichlorobenzene-d4
(ODCB) among IS were not suitable. The average recovery rate of Fluorobenzene (FBZ) increased by 56.4%
and Relative Standard Deviation (RSD) by 4.7%. However, the recovery rate was increased in the samples
with large values of igniting intensity.

This study confirmed that influence of the matrix of VOCs in sediment, and addition of IS materials
improved precision and accuracy. Although IS corrects volatilization and adsorption, it is recommended that
more than two types of IS should be added rather than single.
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1. Introduction
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Oh et al., 2010; Ra et al., 2013; Soares, 1999).
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VOCs &4 9&FS & F vk T AdH] gl
HHE W P AEY AZE 99 A2
ARG A tEz2ve, 22X E Fo| T
H vl JthKurad and Sojak, 1996). T3 AF VOCs=
Hol, 718 & A7 AEDEA QA =E5H=
$(Kurafi and Sojak, 1996), X838l 9FS 1 z
A 2HdE] HHE EAF BUEY o] asith A E
A VOCs B4 49 23 EYo] A¥Ho J= E73 1)
A9 T 52 g B A 149 dF sl
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of vk WAL YA W FF A7, BE, 53 JF 5ol
HHE9 VOCs &2 7|4 dthU. S. EPA., 2006). d%H3
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25 4= 9l oM (Ra et al, 2013) ol=
YAk A7 mE FrlgLa7t YR HFAHA AFol AUtk
ESH VOCs £F AT 23] 2w, JE o) 51 F
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£ ¢ Zo] &&= Ao 2 EHA U KBianchi et al., 1991;
Karickhoff et al., 1979). 3 VOCse 718t9} Fo] 4-&
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TH(Hwang and Kim, 2011).
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2. Materials and Methods

B ATE HHBAN VOCs BALS o FHIAY
W3 1S 252 Aded BAdgen WAe 34 BRS

[e)
(Distilled water, DW, Thermo Fisher Scientific, 7}€ %), u}
2 H & E(Clean Sand, CS), 24 EZE(Real Sediment, RS)

< HaLZA s

Table 1. Analytical characteristics of VOCs in the study

No. Nomenclature Formula Number MW
Full name Short name of C

1 Dichloromethane DCM CH,Cl, 1 84.93
2 Chloroform Chl, TCM| CHCl; 1 119.38
3 {1,1,1-Trichloroethane| 1,1,1-TCE | CCIl;CH; 2 133.4
4 | 1,2-Dichloroethane | 1,2-DCE |CICH,CH,Cl 2 98.96
5 |Carbon Tetrachloride CT CCly 1 153.82
6 Benzene B CgHs 6 78.11
7 | Trichloroethylene TCE CICH=CCl, 2 1314
8 Toluene T CgHsCHj3 7 92.14
9 | Tetrachloroethylene PCE ClL,C=CCl, 2 165.83
10 Ethylbenzene EB CgHsC>Hs 8 106.17
11 m,p-Xylene m,p-X CsHi(CHs), 8 106.16
12 0-Xylene 0-X CsHi(CHs), 8 106.16
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Table 2. Analytical Characteristics of the Internal Standard

Table 3. The Static Headspace Method

in the Study
Nomenclature Numb
umber

No. Formula MW

Full Name Short of C

Name

1 Fluorobenzene FBZ CgH;sF 6 96.103
2 | 1,2-Dichlorobenzene-d4 | ODCB | C¢D,Cl, 6 151.02

R24)7} IS AccustandardAloll Al Fei&td . pHE Y3
VOCs9 Fd& ZaA717] 15k A Akl gstga

E F(Sodium Bisulfate, NaHSO4, Junsei, EP) 1 g& DW 5 g
7F @31 Fl=2m o] 28 20 mL HFo] L(Agilent, screw cap)ol]
ol FHlstgith A7)ol WA e &g sotstazr A+ bt
o]l £AE& DW 5 gt GF Hlo|golE £4& CSE 5 ¢
& F7FstAnh Cse AAS R 2 Y HAES a9 Iy
© 2 FA st A&t B Y A ES AZ7])(WOF-
155, t@#shol A 100°CE 2417 B¢ FEE AR 3
SER(F-63, et#HBhHE o] &3t 550°Call A 4413t < B9
#7185 AR oS 7H5-&m) FZ7](Dionex ASE 350,
Thermo)E AH&3td obE, 4402 AHstaL tha] 352
550°CellA 2413t o] B9 dFH71E obAETS kS

A A A,

22 E|M = VOCs EMA|AH =AH

e 7t2a 2etE 2SI ZFEA7|(GC/MS, 7890B/5977A,
Agilen)E AHESFATE AAYZ 28 sl =29 0] 2(7697A,
Agilent)} & o] &3t A& W VOCsE dg, £, ¢+as
B4 & F3l dezdojluto|des FUFLE FEF A
FIIAE AH&EtA T ol& AEFY71E DB-624(Agilent,
60 m x 0.250 mm, 1.4 um) ZHo] ZFH GC/MS T4
Atk dE2ad o2 GOMS 299 AR FAL
Table 33} Table 4] 7]&3F% T}

2.3 E|IM= VOCs =AY

23.1 dl=2H o)A Rudsle e A =
A7) HAstel EEENL 2H2 20 pg kg'ol H
3 DWW €89 AR 5 go] BAQYE ko] Lol
FHOoZ 1~5 g F7/MAA A ExH o2 F7F 2y

SA ste] AolE AR

232 ANEAHNA BAZR] &% TS mtotslr] 98]
1497 @B F4+5°C), °lF5AIZH10+5°C), F-2(20+£5°C)°l
WE VOCsY s=HstE ERlstith o | 127 BATE
o dis) o2 =A<l DW, CS, RSOl EFED 5 pg kg'&
A7vste] EA s

233 w29 43I 159 aFAE golsly 1=
DW} CSoll EF 8N 55712 g kg'ol HEEZ F
3, T FF9Y IS 2%(FBZ, ODCB)S FU3t AF F9)35HA]

R}
e
o
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Control Parameter |Condition| Control Parameter Condition
Syringe Temperature | 110°C Plunger Fill Speed |100 pL/sec
Agitator Temperature| 100°C Viscosity Delay 1,000 sec

Incubation Time 10 min Pre-injection Delay | 0.500 sec

Incubation RPM {500 RPM| Plunger Injection Speed |250 puL/sec
0.500 sec

30 sec

Agitator On 2 sec
Agitator Off 4 sec

Post Injection Delay

Syringe Flush Time

Table 4. GC/MS Operation condition

Operation condition information
Column info. | DB-624 (Length 60 m, ID 0.25 mm, film thickness
1.4 um)
GC info |Agilent 7890B/5977A
OVEN Temp | 35°C(0min) — 4°C/min — 100°C(0min) —
8°C/min — 115°C — 3°C/min — 140°C(Omin)
— 10°C/min — 250°C

A2 AEE 7R ARG o) BA5Y ujFo] wE,
IYI IS FFY FY oFe) B2 FgEe o, I
A&, ZFIAE AdsAh o] Beole ZFERS
DW$ CSoll BAME 0~10 pg kg' &7t HEE sto] A

234 AA FHZAA 1S9 482 FAAA ek RS
9 F% AFAA AR HE, AE} £ HHEL o8
Sith G AWT FLA RSl EEBAY HE7} 2
hg kg7t HES FUSR, 159 FYI ol BE 583
U= MuHG,

24 HETE| A AR

BAREE A - 24 A7t Aehg 2kl 2 serts
el 38 (Recovery, % R)E RHHE= ALE X792
WA 2HE AIE - AP 2 grel JFa B V1A Y Fobs
T o7t A & o FF 5] e AR FAH%S
B Zgst vaste Jepdoh

o R= measuredvalue < 100% = s;mkedvaz,luﬁj — unspikedvalue
true value spikedvalue
AUEE AA Jg3 9E AR - A 239 dAE,

S AP S gulst Ao Z o] F ke A 42
A2 Ao X FH xK(Relative Standard Deviation, RSD)ZE
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E SFoA SETE] X AIEE AFEHA wet
Alg - AL 2FH7F 99% A1F] FFolA 0BT g4ls] 2 714, X M Xell oid i WA AlE - AAgEL XEn
A2 =To|T) 3 F X Bk

MDL = 3.143 x s

AA71A A4 3.1432 7] A Fo N3 98% Al F] Z(one side
99% A EZyolm, A5 M)t A = A AFe
2Rt} s= A (deviation) 2 HFAA FFL W grog
golgd EAse 259 FFE TS FgRg IAY
225 Yehdth o714 #AxkeE 330N HdS W gGe
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3. Results and Discussion
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Fig. 1. Determination of the concentrations of volatile organic compounds in the water volume reduction (a) 1,1,1-TCA and
(b) PCE are determined at a constant concentration from a change in water volume; (c) 1,2-DCM and (d) DCM are
determined by decreasing water volume and concentration.
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Table 5. Determination of VOCs concentration by reducing water volume

>
Increasing headspace volume RSD(%)
5¢ 4¢g 3¢ 2g lg
DW 17.6 172 17.9 18 18 2.1
1,1I-TCE (ng ke
CS 16.6 173 184 17.6 193 5.8
DW 15 13.5 13.1 122 114 10.5
1,2-DCE (ng k')
CS 2.1 23 20.7 173 17 13.8
; DW 17.9 17.7 18.8 193 19.6 45
cr (ng kg')
CS 159 16.6 18.1 17.5 19.6 8.2
5 (g ke) DW 16.5 155 15.8 153 14.8 4.1
ne k& CS 182 189 19.1 17.5 182 3.5
; DW 174 16.4 16.8 163 16 33
Chl (ng kg')
CS 18.6 19.9 19.7 18.1 189 4
; DW 16.1 14.8 14.7 13.9 132 7.6
DCM (ng kg')
CS 20.5 21.1 202 17.7 17.7 8.5
; DW 16.3 155 16.2 159 15.6 23
EB (ng kg™)
CS 159 17.1 17.3 16.6 18 45
v (g ke) DW 334 31.7 33.2 325 32 23
m,p-.
P ne k& CS 324 34.8 36.1 33.7 36.7 5
v (g ke) DW 16.3 153 15.8 153 14.8 3.7
0-
ne k& CS 17 183 185 16.9 17.9 4
bCE (g ke) DW 18 17.6 184 18.8 189 3
ne k& CS 16.1 17 182 173 193 7
. (g ke) DW 159 15 15.5 15.1 14.6 32
ne k& CS 16.5 17.6 18 16.6 17.6 3.9
; DW 17.7 17 17.6 174 17.3 1.7
TCE (ng kg')
CS 16.9 17.8 18.7 17.6 19 4.7

ol Y FExd o)A Rudgle] e} v= e At 9
A AFEIZ Gtk mEtA =i o]2g uho] g
DW¢ €S9 wiZo] EFEAS 747 20 pg kg'ol HES
Arbsta 12719) BT EqA Fogie mE 529 |
st grlstazt stk dexdols Rt HAL(FY &
T 5 298 1 B8 4~1 g B olA =2 ol FIF
a7t S7tste A T widolA e 76.0~123.5%
2 2353 RSDE 1.7~13.8%E =3 Atk EF 1,2-DCE
9 DCMS A3 1059 EZ L UL} 82% H|Poz
Z3 =0 719 o7t AR w2 sE=wste fle 2o
2 #gdd. ov 12-DCE® DCME] Z$ RSD7F FHdl
1382 ZFHJAT FAIE e 22 dddth &
3 AA FEAA w2 RSDE A= DWOA 1.7~
10.5%, CSOlA 3.5~13.8%2% YEelgten mjdd me Hap
7} AR Aoz wgHET

32 2E2| AN LW VOCse| sE=HS| H|uw

A BAFANA EA7A 1:%% FUE 2 T YZET
(4£5°C), ©]ZAIZH10£5°C), A-L(20+5°C)l W2 VOCs9 &
ZHE F5l] Y5ty 127) BEAFE tis] DW, CS,

SIS EEIAES|X| M37H 65, 2021

RSE #AZ9 wd 2 st 7|7t wet %5 153
EFEAS 27 5 ug kg'ol HEES HUlste] w2 S D
CS, RSZE g ste] Y2 1445 A &

=4 & Fig. 29l Eﬂé}%’t‘r gAt Agel] B %

EZ9 AP EE Ity en wd xold
Wl SRIEGT BE ZF WA Xolof] B2 wEe
st7b vebges RS9 A7t M 2 3F3E EATh
4%@ % 1,1,1-TCE, 1,2-DCE, CT, B, Chl, DCM< 14
b 71 A T e sRHE B A 27.1%E 3A
t}. stA% EBmp - X, 0-X, PCE, T, TCE9| 7

71 AFE =9 | A 458%2 Z A
Qo™ I F PCE, TCES F$ 53] 4294
o] A FAYATKFig. 2). EF HAA 24
DW, CS, RS wid9] a4 ZHagd dgt &3
371 At 1,2-DCES DCMS] ¢ 92 107) &5
2ZA DW, CS¢] wWAdA FZ5=9 "yt ATk 8HA
5F RS wjZoNE w=7F Ao o2 10719 EATE
£ DW, CS, RS9 mids¢oz F&rt it &34
Zag2 DWE WA =E t9S W A4t Table 66 24
st €S9 A$ DWTHH] 10.2~-51.1%= RS A5 AA

=4

T3 2AE

Log
22 rlm mlm ro

g5 o

Br ro X §2 of HE

nﬂomgufm&r
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3 3 3
2 2 L4
‘; 3 : 3 ;' 3
1,2-DCE H g g
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5 8 R s Y
1 1 1 ’:\;
o 2 4 6 8 10 12 14 o 6 8 10 12 14 0 2 4 6 8 10 12 14
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3 3 3
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PCE H g 5
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© HE 5 e £
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.
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o 2 4 6 8 10 12 14 o 6 8 10 12 14 0 2 4 6 8 10 12 14
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—— T4
—— T10 DW CS RS
@ T20

Fig. 2. Decreased peak area in volatile organic compounds for 14 days and determination of the peak area of various matrices
(a) Reduction of area in 3 matrices with a constant area for 14 days of 1,1,1-TCA; (b) 1, 2-DCE has a constant area
for 14 days, and the area of the RS matrix decreases; (¢) PCE decreased in the area for 14 days and was also

different in the 3 types of matrices.

oA e 149 3¢ ZaFen g4 29
Bol o] 2L AU m=A JPeor & Ao &
e AT 9 AagET Mz Qe At & AL
2 Ho} HHEF go] Fo] £d A= VOCs7t
OF F3H0] ol gl e A =ldo| oM Sk
o Favt A7l AL dddEnh £ RSAIA AA £4

Table 6. Volatile Organic Compounds Reduction Rate by Matrix

1,1,1-TCE(%) 1,2-DCE(%) PCE(%)
4°C 10°C 20°C 4°C  10°C 20°C  4°C  10°C 20°C

CS |-36.7 -428 -41.1 102 15 22 -451 -51.1 -50.2
RS |-656 -679 -668 -43.6 -479 -456 -776 -718 -71.3

W o199 tiotel Wastthn wed

=

3.3 DW=} CSOIM 2R EEHI WEHEEY H|W

g et 1S9 F7F AR FF7F VOCs Ao HA
t TS A= FUs, PHAEM, FEHAR Tetst
Atk 2 pg kg' 2 AT 7719 AEE F35te] MDL, LOQ,
3&, RSD 5 &334 tiTable 7, Fig. 3). MDL &3 2
3} DWOlA 0.65~1.4 pg kg'!, CSOIA 0.48~1.77 ug kg'2 =
2FE92H 1S3 ODCBE EFE DWE 0.30~0.74 pg kg,
CSE 0.23~0.73 pg kg', FBZLZ BAE DWE 0.28~0.88
ng kg'!, CS= 0.47~1.65 pug kg' 2 =F I 1SS A7}st
A E}S A A Z DWETE CSY MDLo] YA &4 H
on, o] CSll F2Eo] EAZko] YolA]7] FOE AR
"t 1SS AHgste] EES 2 £ FEA BYst
A %= Z9l Hs) DWet A E 25 MDLo| HolA=
Ag sttt 28y EFAH WA FeE 02 &5
o Hla} MDL9| ZraZFo] A ol AlZt B2 Z4g
o] A7) W&l Aoz AgEth LOQ ZF AT DWIA
2.07~4.44 pg kg', FFHENA 1.54~565 pg kg, IS

2o
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516 AHA - HOkE - =52
Table 7. MDL and LOQ result
DW + CS+ DW + CS +
NO. DW €S IS(ODCB) IS(ODCB) IS(FBZ) IS(FBZ)
MDL 0.88 0.75 0.38 0.46 0.33 0.76
1,1,1-TCA
LOQ 2.80 2.40 1.20 1.46 1.04 242
MDL 0.74 0.72 0.41 0.33 0.42 0.59
1,2-DCE
LOQ 234 229 1.29 1.05 1.32 1.88
CT MDL 0.71 0.66 0.35 0.54 0.41 0.75
LOQ 226 2.09 1.11 1.70 1.31 2.38
B MDL 0.84 0.59 0.69 0.56 0.5 0.68
LOQ 2.67 1.87 2.19 1.79 1.59 2.15
Chi MDL 0.77 0.58 0.59 0.56 0.32 0.68
LOQ 2.46 1.85 1.89 1.79 1.01 2.15
MDL 0.93 0.50 0.37 0.53 0.41 0.56
DCM
LOQ 295 1.59 1.18 1.70 1.30 1.77
EB MDL 0.75 0.89 0.37 0.38 0.32 0.85
LOQ 239 2.83 1.17 1.21 1.03 2.71
X MDL 1.40 1.77 0.74 0.73 0.63 1.65
m,p-
P LOQ 4.44 5.65 237 233 2.02 5.24
X MDL 0.65 0.77 0.30 0.23 0.29 0.7
o LOQ 2.07 243 0.97 0.73 0.92 2.22
PCE MDL 0.72 0.61 0.34 0.33 0.33 0.59
LOQ 2.29 1.93 1.07 1.06 1.04 1.88
T MDL 0.81 0.80 0.65 0.65 0.88 0.71
LOQ 2.58 2.55 2.05 2.06 2.81 227
ICE MDL 0.88 0.48 0.46 0.29 0.28 0.47
LOQ 2.79 1.54 1.47 0.91 0.89 1.50
4
@
—_— 31
<
g
£ RCY: 113.9
® 2 $113. A
§ } RsD:s3  ROY: 1130 ROY: 1043 %
8 RCY:993 RCY:934
&  RsD:141 RSD:13.0
o RCY:76.0
19 RSD : 15.8
® e Sediment  Water+ODCB Sediment+ODCB Water + FBZ Sediment + FBZ
Method
4
(c)
—_— 31
=
2
s
g RCY:103.8
g Rb 895 RSD78  Rrevrots
5 Roifae T rovmy
1 RCY:68.3 Y
RSD: 14.1
Water Sediment  Water+ODCB Sediment+ODCB Water + FBZ Sediment + FBZ

Method

ODCBZ 233 DWE 0.97-2.37 ug kg', §8&L 0.73~
2.33 pug kg'', FBZ22 BP9E DWE 0.89~2.81 pg kg',
B2 1.50~5.24 pg kg'2 FF U MDLH {AFSHA
1SS #HA7lslA] &e A9 DWET CSAA F& ke zo
H, 1S& #7HE S de F vid EF LOQ7t &S
ARG 28 ZEE o2 etk 28y ISE FBZE AME:
3 B¢ 2318 mp-X9 Zo] LOQ7t F7tske ZTE U
W= st

AgH o2 1SS HA/FE EA oA MDLT LOQ7F B A
uUgkon ol A Yl at BYE Aoew wg
drh F oA ISE H71etd S #, MDL# LOQY 3¢
zpol7} Z2skE 1,2-DCE, T, DCMY A9 &3 5 ujd o
3 FFol wgHy] HEe Asdth A CSE A}
£319 S ° DWell <F 20% °1 =7} Zastah mR o]
CSQ! B 1SS ODCBXEUY FBZE AM&3199S Wl MDL 2
LOQ7} ¥ d P2 AL RISttt DWE CSollA 1SS
FA9 S 29 25 AAFReH cSelA DWET MDL
2 LOQY FFZA/ d & EFHALH ol wiHd ¢
o 4o 2 AFATHKIim et al, 2011).

s4g SHZ7 DWIAAME 89.0~107.1%, EHAHENA
64.1~83.1%, 1S?] ODCBE EFH DWE 99.9~119.3%, H
HEL 99.1~119.3%, FBZLE EFE DWE 90.1~106.2%,
HHEL 773~102.1%2 S¥HAE. RSD S¥Z 7 DWW
A 11.5~18.6%, HAENA 11.1~21.6%, 1S] ODCBZ X
ZE DW= 4.8~10.4%, B8 EL 4.7~13.7%, FBZLE BF
H DWE 4.5~9.18%, A EZ 9.7~152%=2 S = Ah o

(b)
—_— 31
=
2
c
2
® 2 RCY:112.0 RCY:110.7
£ RSD:58 RSD:47 ROT:1047
38 RCY : 100.1 o
£ |RSD:117 RCY:89.6
S RSD: 10.5
14 RCYT715
RSD : 16.0
01— . : : , .
Water Sediment  Water+ODCB Sediment+ODCB Water + FBZ Sediment + FBZ
Method
4
(d)
—_— 31
=
2
<
2
]
I
£ RCY : 99.9
8 RSD:56 RCY:99.1 RCY:90.4
£ . RSD:133 RsSD:5.1
S RCY:899 .
O  RsSD:126.1 QSE : fg»?
11 RCY :64.1 S
RSD: 16.3
Water Sediment  Water+ODCB Sediment+ODCB Water + FBZ Sediment + FBZ

Method

Fig. 3. Average values, recovery rates, and RSDs of internal standard materials and calibration curve methods of (a)
1,1,1-TCA, (b) 1,2-DCE, (c) PCE, and (d) CT.
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23 CSE WA E Q9L 9 1S9 93 BF a3t A U
EFttH(Van Eeckhaut et al., 2009). W&ty Fg=9} U=
€ DW7L wiZQl FEo2 Fs7] YA 1SS o &3
Bgo] "asirh Tt 1S9 Tl wet CSE WA =E 3
S W g FJEr T} FE7F bE2A YEeH, o
WA o2 IS ODCBE &3l 2P 48 2 RSDEH 3k
o FgstA EAEHJT 28y 45 VOCs 52 IS FBZ
2 NS W £2 &7 RSDHS /M 53] g%
€9 75 DCM, Chl 53 #Zo] HFEEA|ZHRetention Time,
RT)o] ¥z ZA<$ IS FBZE BAFS gho] o AstA U
o™ T9 PCES# Zo] RT7} F1&<1 F% IS ODCBE ¥
3k gko] o] A&slth. RSDE IS ODCBE R F3F ghol o
A5t

34 AHM AZ0ME IS EME0 H|W

718 o] thE AlBAdA R EEHY H &S st
7] A& FAALFEFE VIFLE FU1E0 H2 AHY
Al&(Sample 1)& f71E°] FHEE A1 Al E(Sample 2)
o} F7189 B2AH A E(Sample 3)& HFsIA )k 7)E
A8 FHE Table 79 ZAstATh AlZel 5 pg kg'e] E
FEZA S Frtstd APsgen A3 &

A7vste BA S 24 A A5 24
A AHE HHlE AIRE FF5 HE
Aol Wty sk T
sg 32T 1SS o884 ¥skES #, Sample 1914
£ 54.9~107.8%, Sample 2= 38.6~81.9%, Sample 3= 20.3~
582%2 =3 Hen 1SQl ODCBE EFH Sample 1914
= 106.6~210.2, Sample 2+ 223.2~450.8%, Sample 3=
300.7~774.7%% FBZL. 2 BAE Sample 19141 68.4~104.5,
Sample 2% 81.1~128%, Sample 3 34.5~170.6%2 =35
2tk RSD 2323} Sample 1914 & 7.0~11.3%, Sample 2
£ 12.9~35.4%, Sample 32 7.0~39.7%% =35 J°oH 18]
ODCBZ EZH Sample 194 3.2~7.4, Sample 2+ 13.6~
40.2%, Sample 32 0.3~19.5%% FBZ2 2 X3P F Sample 1
AME 0.1~4.3, Sample 2= 0.0~17.2%, Sample 3= 0.6~
151%2 3= U

32T F715Y 557t o4& sample 1 sample 31
Al e 2R AwFog g uUgth Sample 3914
FA=dE] At 92 A2 fU1E Tl 2 VOCs S
Jgo 2 FHATKDelle Site, 2001; Van Eeckhaut et al., 2009).

49 25 FE2FZBAAVITAA At 2
ARG R7IStE A Y dedE 8= 75~125%% B2
= £25%E 7|F 22 AESIA 5+ thHInsam and Seewald,

#2%9 1S
Zol £33

H
&2
g4&7 RSD

X 2 o o

Table 8. Sample Grain Size, Ignition loss and TOC information

Sample  Ignition loss TOC Sand (%) Silt (%) Clay (%)

Sample 1 1.7 0.59 80.4 19.6 0.0
Sample 2 49 0.65 63.2 36.1 0.8
Sample 3 13.1 3.73 21.5 71.3 72

2010). ISE AF&51A Eke W), AIEE R71EY 557t &
ET5 AR BRI A4 ASE Hol VOCsE F3E
97 fEeg Asdh. ESF VOCs &2 AFZ o
W2, JEIdF] £ FY § RUIES IFTF EYol 1
22 42 E vld] TCESH TE9 VOCsE o ®el &%
St Aoz 43 A lthInsam and Seewald, 2010; Kim et
al,, 2009). =3 ISE AM&-3te] B35S ODCBY B¢ A
Aoz AR B2Vt #A S8EHALH, FBZY EF #
71E9 dFo] 2 AlRAA BEAFo] o AL & F AN
ok TS 1S9 A EMEAT FAN AZntEaY 548
7}A ok & HFEE A ZH(Retention Time), & 7+-(Relative
response)©] ThEoll W2 a7t st HAZo A9 IS+
OIS /7 AHgol Bad Aoz wgdETh

4. Conclusion

B AT 548 S04 VOCs 1241F 829 24 A 3
gro FUEE Fol1A st ol wet ESHH F F
183 1SS vlasta wiAde &S gls]
95tel DW, CS9t RSE "2 2 Hla &AM 53l

1) F=aHo|2d A Fao mE VOCse FEWHsE &
Ie 27} 1,2-DCE, DCME A &J e 1078 FE<] RSD+= 8.2%
ojuie] Fro g AubAQl RAFEe) FE9om 1,2-DCES
DCMY A% RSD7} At 13.8%2 SFHJAT FAL 5
Re FToZ ol WAl b2t A4 F59 RSD WA
= DWOA 1.7~10.5%, CSeIA] 3.5~13.8%=2 ettt et
A FlEad o)A Rulo w2 syt Jo] B4 A
£ oy wjZdA Hate do] FEet dolg Y S
o] Basitt

Hu
1o
7
o

O

2) AIEAFHANA EA71A] &2 F e 2EHSE g9
s+ A3}, 1,1,1-TCE, 1,2-DCE, CT, B, Chl, DCM< 7714 %

(14Q)el w& W37l 3% 4%keH EB, mp - X, o-X, PCE,
T, TCEE £ ALZ gt =t fjF o F=HSE &
A 23 DWHH] RS+ A &5 %7t Z4std L DWH
H CSE 1R2FE F 107] FEA 5=7F ZAHIUT o
S AFE vg o R 2% Wi 9t o]} glo] ESH o]
9] tigte 2 HAE VOCs £4 A] 1S9 Ago] Has)t}

3) 1S9 82 1) 2)9 ZHE F5to RIS, A
2 tE oA ESHF ISHY FEHIYE vasih
DWY| 3|2 H9h gh& B om RSD kol Hdl 8.2%
FFEHAT CSE= FFEo]l A 13.2% 7R 2™ RSD
7t 8.1% F7tete] Fdnk S % WskE RYE & 3l
Atk weEtA DWeF €S9 wid o] Hln AT, ESHETE IS
HE o] &3t Aol BH S Aoz FHAZL F A& Ao
2 #eEoh

4) ARl g 8 gl 2% AP I PHEY
T 7Y IS ¥ ODCBE HAE A& HFstA &urh
StA Tt FBZS A% S5&°] B 56.4% 53t RSDY
B 4.7% T I ujde o9 WstE BEE
AR AT ALVl =2 ARAAME FFEo

W
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Table 9. Recovery and precision of samples

RS RS + IS(ODCB) RS + IS(FBZ)
Sample Recovery RSD Recovery RSD Recovery RSD
() (o) (%) (%) (%) (%)
Sample 1 76.4 8.1 151.5 6.7 97.5 0.9
1,1,1-TCA Sample 2 60.7 20.7 373.9 30.0 126.0 0.8
Sample 3 58.2 314 774.7 15.5 170.6 10.8
Sample 1 61.9 7.0 121.0 7.4 78.7 0.1
1,2-DCE Sample 2 58.7 17.6 345.9 314 121.8 1.7
Sample 3 454 7.0 556.4 6.0 124.8 10.8
Sample 1 81.6 83 162.6 6.5 104.5 1.1
CT Sample 2 55.5 23.6 322.1 26.4 1134 42
Sample 3 54.5 372 754.2 19.5 164.1 15.1
Sample 1 69.4 9.4 140.0 5.8 89.4 2.0
B Sample 2 52.0 21.7 334.6 30.8 112.7 0.0
Sample 3 44.6 21.1 584.2 5.7 131.5 0.6
Sample 1 69.9 9.3 149.2 72 92.4 1.0
Chl Sample 2 49.6 23.8 388.5 33.8 121.8 2.6
Sample 3 44.7 21.7 687.2 2.7 154.9 25
Sample 1 71.1 8.5 145.1 6.9 92.1 0.9
DCM Sample 2 38.6 139 450.8 40.2 128.0 9.9
Sample 3 41.7 159 698.2 25 153.9 7.7
Sample 1 57.7 10.4 113.7 4.5 73.5 32
EB Sample 2 444 31.6 247.1 18.5 89.0 12.7
Sample 3 22.8 329 368.3 113 80.6 6.5
Sample 1 107.8 113 210.2 32 68.4 43
m,p-X Sample 2 81.9 353 4414 14.0 81.1 172
Sample 3 20.3 30.6 309.2 10.9 345 59
Sample 1 549 10.5 106.6 39 69.5 3.6
o-X Sample 2 414 354 2232 13.6 82.9 17.2
Sample 3 20.5 255 300.7 6.9 67.1 2.0
Sample 1 75.6 9.8 150.7 52 96.6 25
PCE Sample 2 38.8 339 238.2 20.0 81.5 12.6
Sample 3 325 39.7 501.0 18.1 107.6 13.7
Sample 1 64.9 9.5 130.5 5.7 83.4 2.1
T Sample 2 554 129 375.4 39.6 122.0 9.5
Sample 3 36.3 17.2 4373 0.3 102.6 5.7
Sample 1 749 9.9 147.1 4.8 95.1 2.8
TCE Sample 2 48.8 23.7 276.9 257 9.5 4.8
Sample 3 404 28.6 567.8 11.6 124.8 6.9
All Spiked concentration is 5 pgkg”
Eold E/F TREE AS S 9 1S2 A7kske] VOCs 35 HeH oz nge ol g3t
IYER HAE A VOCs S4% Mae) 9l mE  Zo] BAe 42 FYAA F U Aow wudt @
FEY A2 QP FE Wl A AREFWES AHgel  HABY Z2 I GFol thstel ST AHE Al THER
AYgeA Be Ao BRHM, 149 1ST A8 A% 2] e Holof hH GTol AL ST AFHolok T A
2 A9 S2oA a7 B2 5 Aok £ A FrEEHl oz gddn
obd WHEFTH S AHE&ste B¢ GREY F 7 o4
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