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Abstract was below 30, which was the normal percent value. Also,
BTEX in all samples were detected under the LOQ.

BACKGROUND: Benzene, toluene, ethylbenzene and CONCLUSION: These results showed that the investigated
xylene (BTEX), which are volatile aromatic hydrocarbons arable soils around airport and oil reservoir in Korea were
and main constituents of gasoline, are neuro-carcinogenic not contaminated by oils.

organic pollutants in soil and groundwater. Korea Ministry

of Environment has established the maximum permissible Key words: Arable lands, BTEX, Head-space, Monitoring, Oil
level of BTEX in arable soil to 1, 20, 50 and 15 mg/kg,

respectively.

METHODS AND RESULTS: To understand an arable soil AN B

contamination by BTEX, we collected 92 samples from the

arable lands around oil reservoir, and analyzed the BTEX 3y W wsleiE 3R o AR
residue using a GC-MS with head-space sampler. A linear benzene, toluene, ethylbenzene % xylene (BTEX)> &}
correlation between BTEX concentration and peak areas rao] 3HA ZapAElo] AEA| fu) 2 FEdEE ARRE
was detected with coefficient correlations in the range of o] gt} o5& &7 ARYAY) £5HOoRRE F . §&
0.9807-0.9995. The method LOQ of BTEX was 0.002, ¥} Hr)Ee HA-s x{a]Oﬂ olF| Bk} AFE 9 ¥A)7)
0.014, 0.084, and 0.038 mg/kg, respectively. Recoveries of = 12954 5 she]tiReinhard ef al, 1984; Smith,

0.5 mg/kg BTEX were found to be 73.7-96.9%. The 1990; Bowlen and K ossan, 1995; Pawlowski, 1998). &
precision was reliable since RSD percentage (0.7-7.5%) 3l Dean(1985) & 32177 ni) 9} ¢k kel Zow
iRl BTEXZF @40l g sols wf $A4 0% Ae)so]
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ATSDR)P— BTEXE Ab9] 273} AelZAlE S1dshs ol

ol E4Z 7HEsla 9131(2004), AlAIR A7 World Health
Organization, WHO)<= &85 & °l59 7%= 10, 700,
300 @ 500 ug/LZ Al3tslar QtH2008).

et #7%7(Korea Ministry of Environment,
KME) & 19961 B3 E AN S Aste] 5o 2 &
Fe9 BrIE O R BTEXE wAeHeS 114sta S, &
A el 971 2002158 e} A2 5 AL B
% % BTEX $ds AbskaL Qltk &5t 3%+ 5784 &
ol tisiM BTEXS Ekeda7lest avlees 7t
7} 1, 20, 50 ¥ 15 mg/kg? 3, 60, 150 % 45 mg/kg=
75k ITHKME, 2009).

HL7H HUEYS §5 87 T BTEX Iires 3
7VtaA she B2 A7t FAE o] ghtKJohnston et al,
1998; Caselli et al, 2010; Choi and Lee, 2011; Miller et
al, 2012; Matin et al, 2013). A7t o] &2 A3k, t)7]
4 5747 o]9]9] EokllA BTEXS] s B7HE 210
A FRAAA QI w84 Bl digh BUE
g d7e 7Y vk gk webs & dyelME &5 A
ARE EF 9ol HRY T FE A% EFed 7

d

=
0] =& ¥ Afa AT FEAAE e E BUYH
e AABle] Ut 734 B9 BTEX L AAHE 3
oFstazl ik

Iz A EH

AlSt S #EF

Benzene(purity  99.9%), toluene(purity  99.9%),
ethylbenzene(purity 99.5%), xylene(99.5%) % Wl%-3%
=4 fluorobenzene(purity 99.0%)-> Supelco(Bellefonte,
Pilladelpia, USA)ZHH T43t%13, methanol(purity
99.9%)+> ].T. Baker(Phillipsburg, New Jersey, USA)<]
A& A8kl

Table 1. Analytical conditions for BTEX analysis

47 o) ARARAE 5 AFYAH o) fife
Eo 203 7]-22\-]0] 01‘— 6’]—_|,], x10A o
FAAGE B W e Ebn AN ol gal

firoddo] B4 4

A3t A9 29 4919 ﬂWiwﬂ AT FAA, AAA
of $IXgt A9 HAPES e} ﬂWPM Az 5738A
FHE dANAR5 = 50 m)oE 7} 7099 3 4
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Zl@"ﬂ*ﬂ ERAEE A
W EF A4 16%1x EHXJ EF FHX
167<] ’aLT 3 A 2447, &4, ot 9 A S
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AHsHAHFig. 1). AFHE A== D85 ice boxl
AgAdz st o

AdEREE 7IX A 12%1
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% head-space sampler’} 2% gas
chromatography mass spectrometry(GC-MS, Agilent
Technologies, Santa Clara, USA)= #-48}3{th.
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Fig. 1. Sampling sites for BTEX monitoring,.

Item

Analytical conditions

Vial Oven Temp.
Headspace Sampler

(Agilent 7694) Loop Temp.

Transfer Line Temp.

90C
95C
100C

Oven Temp.

Gas Chromatography Injector mode

45C, 15min, 20C /min, 115C, 2 min
Split (10:1)

(Agilent 6890) Flow Rate 1.0 mL/min
Column DB-5MS (30 m X 0.25 mm X 0.25 ym)
Scan range 20-500

Mass Spectrometry

(Agilent 5973 MSD) Voltage 1900 v
Ion source temp. 230C
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BTEX £
A E¥ 5 BTEX a2 A5AH Al EHSF 10

g)= 1 A5 5793 head-space vial®ll ¥, methanol
9.99 mL&} WHEFE2 fluorobenzene 10 W& #7I3t
U W83k the ice boxoll Wol A vz wkstal, 4
2 BEARS FAE 54 F, olF head-space
sampler® %7 DB-5MS column(30 m*0.25 mmX0.25
)] AHE GCMSE ARE-3te] #A1813iTk Head-space
sampler, GC % MS?| 77134 %712 Table 13} #th

gl

BEAZM =Y

Benzene 286, toluene 290, ethylbenzene 289 al
xylene 291 pl& 717} 3l 100 mL2] methanol®] g3}
o] 2500 mg/Le] stock solutions A|Z3H3ITh ©] stock
solutione methanol® 341s}o] 0, 0.1, 0.5, 1, 5, 10 ¥
20 mg/L2 working standard solutions A|Zgh th
10000 mg/Le] WF-%FE4 fluorobenzene 10 w & 7}
gte] Table 19 717]Z7elA Aty UFEFELY
BTEX 7} A7t o]23]a WA &R RFddas st

st

ox, fll

MO HEGH|

BTEX #4152 A&FstA(limit of quantitation, LOQ,)
+ 45 B R AN Bk 93 715(2009)) whet
71719 H#a7(Signal /Noise=10)5 S 3taL, J33t
A F29] FEE W St 4 A mFHzKs)el

1000 gho = e ALkt

LOQ(mg/kg) = 10 X s

3|TEAY

BTEX 3% A¥e BTEXE 23HA 942 Eok
BTEX EFHFENE 0.5 mg/kg? §ETFF0] HES A
gste] st £t 471 BTEX 414 el whet 3

8 ure sl

M

2 U D
dzd, 38 A FIeH|

BTEX 7} &2 W55 A7k benzene 2.45, toluene
3.81, ethylbenzene 5.86, mrxyleneZ} pxylene 6.09, o
xylene 6.66 0% UEPITHFig. 2). BTEX E83ETE
0.1-20 mg/L& 47819 &2 benzene, toluene, ethylbenzene
4 xylene(o; nr Y pxylene®| )2 Z=AFA 307
AL Z7E y=0.105x+0.0176(R*=0.9995),  y=0.1507x-
0.1228(R*=0.9807), y=0.1359x-0.0526(R*<0.999) ¥ y=
0.0364x-0.0239(R*=0.9884) 2. AHA 2] Axds ARA
(R®)+ BTEX T %3sisich

BTEX®] 38|48 A@Av= 73.796.9%, olusaat
(relative standard deviation, RSD) 0.7-7.5% ©]%loH,
BTEX 7} “3%-<] &dl= 217+ 0.002, 0.014, 0.084 4
0.038 mg/kg ©I3l=. o< A= B HAR(KME,
2009) A 71wl et B SRS
ede] BaQ A=A AT 098 o1, g 70-
130% <1, RSD 30% °lW 9 7} A AeA 0.1
mg/kg? F31& 53Ut Table 2).
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Fig. 2. Chromatogram of benzene, toluene, ethylbenzene and xvlene.
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Table 2. Validation parameters for BTEX analysis

Materials Linearity (R?) Recovery rate* (%) LOQ (mg/kg) RSDP (%)
Benzene 0.9995 80.310.6 0.002 0.7
Toluene 0.9807 96.9+4.2 0.014 4.3
Ethylbenzene 0.9990 73.742.5 0.084 3.4
Xylene 0.9864 74.845.6 0.038 7.5
aThe data represent the mean values +SD(standard deviation) of three replicates.
PRelative standard deviation (SD/AverageX100).
Table 3. BTEX levels in arable soil around oil reservoir and airport
Region Benzene Toluene Ethylbenzene Xylene
Gangwon <LOQ <LOQ <LOQ <LOQ
Gyeonggi <LOQ <LOQ <LOQ <LOQ
Chungcheong <LOQ <LOQ <LOQ <LOQ
Jeola <LOQ <LOQ <LOQ <LOQ
Gyeongsang <LOQ <LOQ <LOQ <LOQ
Jeju <LOQ <LOQ <LOQ <LOQ

S8X| EY & BTEX EmpFE

A AARCR 5ol 23t 574 20 o #st XUHH
Oﬂ% o FAS Afsieted 7 5449 TPH &9

9(1,179.3-6,354.9 mg/kg, 1t 2,676.6 mg/kg)S FAl
fj} 2S5 Algshd ATsE AsloltKLi ef al, 2012). < 3F
AE SARGe AU e A d9 W Bzt
A3t BaMoA A 315704 5 32.7%°l Eeh= 103
M Fag 5 B9k BTEX L945(3.79,867
mg/kg)°] EFLAT-HFES A 2895 Harsiel
THKME, 2011). 3t 87355 4 FAIA7 A 2993
Aoz AAH 24703 F 3¢ 2 FAAY, #@)E A -
e - a7 5 Ao Abmaby wlgguat Z]Od 4 719 9]
AollA FHil benzene 64, toluene 2222 Y xylene
194.7 mg/kg?l LA RIS B 15 3(KME, 2012), &
A EOF 3937043 146714, W 2477140)5 thdo® 6}
BTEX Z5rs ZAMAd = BE ABoA HEHA] 23S
S B UBIITHKME, 2012).

vt 67149 At 33 T FEA EH92A
Ayl tidt BTEX #H7g=oll thsh A= Table 3o LERA
o} A 5734 B9 5 BTEX 4752 Table 39114
Hi= vpe} o] B A|gof|A BTEXET ek ninte s
AZE], 59 44 ENE T BTEX7} HEHA
&2 Adst Tk webs # A7E = vt A
st B FAAE FRAEEAS] - fEedl 2l
L AEA e HERITH
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