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ABSTRACT

The main objective of this study is to assess the compatibility between Korean ministry of environment (KME) standard
and ISO (KS I ISO) standard for the determination of BTEX and TPH content in soil. We carried out comparison analysis
for both methods using CRM and matrix spiked samples. In case of GC-MS analysis for BTEX, we got statistically
(significance level: 0.05) the same results from KME standard (ES 07600.1) and ISO standard (KS I ISO 15009).
However, it showed statistically (significance level: 0.05) different results when TPH was analyzed by KME standard (ES
07552.1) and ISO standard (KS 1 ISO 16703). To clarify the reason why both methods produced different results for TPH
content, we also did some additional experiments in terms of differences in extraction, clean-up and target hydrocarbon
range. Extraction with polar and non-polar compounds mixed solvent (acetonetn-heptane) of KS I ISO 16703 showed
higher extraction efficiency than with only non polar solvent (dichloromethane) extraction of ES 07552.1 by about 9%.
While column type clean-up of KS I ISO 16703 showed the reduction in TPH content between before and after clean-up,
batch type of clean-up of ES 07552.1 did not show any changes in TPH content through clean-up process. The target
hydrocarbon range of ES 07552.1 and KS I ISO 16703 is Cg~ Cyy and C;o~ Cy, respectively. From this point of view,
kerosene and JP-8 contaminated soil showed higher RPD (relative producibility deviation) values between results by both
method than that of lubricant or diesel contaminated soil. The higher content of hydrocarbon (Cg~ Cp) in kerosene and
JP-8 played an important role in increasing RPD values in addition to the effects caused by different solvents and clean-up
method. Consequently, it was concluded that both methods (ES 07552.1 and KS 1 ISO 16703) were not compatible.
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Table 1. Differences between ES 07600.1 and KS 1 ISO 15009 (BTEX)

Conditions / Methods ES 07600.1 KS 1 1SO" 15009:2009
Type of used soil Field moist soil Field moist soil
Amount of samples 5~10g 50g
Extractant Methanol (10 mL) Methanol (50 mL)
Internal standard Fluorobenzene Toluene-D8, Ethylbenzene-D10
Extraction method Manual shaking for 2 min Mechanical shaking for 30 min
Instrumentation GC/MS, GC-FID GC/MS, GC-FID

cf. GC-PID is also available

" Korean industrial standards that accepted from the International standards (Environmental Sections) without any technical changes
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Table 2. Differences between ES 007552.1 and KS 1 I1SO 16703 (TPH)

Conditions / Methods ES 07552.1

KS I ISO 16703:2005

Carbon range
for determir%ation CsHis~ CaoHeo
Field moist soil

10~25¢g

Dichloromethane (>200 mL)

* Soxhlet extraction for 18~24 hr

Type of used soil
Amount of samples
Extractants

Extraction method

* Ultrasonic extraction (horn type) for 3 min

Clean-up method

Instrumentation GC-FID
Calibration standard

Range of calibration standard 170~3,400 mg/L

5 minute shaking with adding 0.3 g of silica gel

CgH g~CyoHgo (even-numbered #-alkane)

C 10H22 ~ C401—182

Field moist soil
5~30g
Acetone + n-Heptane (40 mL)

* Mechanical shaking for 1 hr
« Ultrasonic extraction (bath type) for 1 hr

Elution through florisil (2 g) + sodium sulfate (2 g)
column

GC-FID
Diesel + Lubricant (1+ 1)
Lower than 8,000 mg/L

Table 3. Analytical conditions of GC-MS for the determination of BTEX in soil

Instrument Agilent GC 7890, MSD 7000A Purge&trap (Stratum/AQUATek 100)

Purge time 20°C (13 min) = dry purge (1 min)
Desorb 250°C, 1 min
Bake 260°C, 6 min

P&T Valve temp. 150°C
Line temp. 150°C
Mount temp. 90°C
Trap type #K trap (Vocarb3000, Carbopack B/Carboxen 1000&1001)
injector 235°C, split ratio 100: 1

Ge column DB-VRX (20 m x 0.18 mm, 1 um)
oven temp. 45°C (5 min) = 8°C/min — 100°C (2 min) = 25°C/min — 245°C (5 min)
Detector MSD, SIM mode, MS Source 230°C, MS Quad 150°C
Benzene 9, 77

Selective ion Toluene 91, 92, 77

(m/z) Ethylbenzene 77, 91, 106

Xylene 106, 77, 91

o7 At BEY, 88 2d¥ JSHFEH (6,600 +
500 mg/kg, CCO017, European Reference MaterialyS 7}
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Table 4. Analytical conditions of GC-FID for the determination FAE kst Ju) o]|H AHH ] xjol7) BAAn)
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Instrument Agilent 6890 FEA 9 oAFAEE oz vluA S 351
Injection volume 2 uL t}. 53] 5, 1P-8 L9E] 739 =" (boiling point)
Injector 270°C, split ratio 30: 1

o] Cg~Cyy 29 B854 E A, ¥ACH, 87 5
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Table 5. Statistical assessment for the comparability between ES 07600.1 and KS 1 ISO 15009

Compounds Benzene (mg/kg)
Instrumentation GC-MS
ES KS I ISO ES KS I ISO ES KS I ISO
Methods 07600.1 15009 07600.1 15009 07600.1 15009
Extraction condition (soil+MeOH) S5g+10mL 10g+10mL 5g+10mL 10g+10mL S5g+10mL 10g+10mL
Avg. 9.5 9.7 20.2 20.8 423 39.1
SD 0.6 0.2 1.0 1.9 4.5 1.5
Variance 0.4 0.03 1.1 3.6 21.1 2.3
F-ratio 0.3 0.3 1.7
F-c 59 59 59
Result F <Fc, Ho: accept (Significance level: 0.05)
Compounds Toluene (mg/kg)
Instrumentation GC-MS
Methods ES KS T ISO ES KS T ISO ES KS T ISO
07600.1 15009 07600.1 15009 07600.1 15009
Extraction condition (soil + MeOH) 5g+10mL 10g+10mL 5g+10mL 10g+10mL S5g+10mL 10g+10mL
Avg. 8.6 8.7 17.5 17.9 389 373
SD 0.4 0.2 0.7 1.4 34 12
Variance 0.2 0.04 0.5 22 12.0 1.5
F-ratio 0.3 0.3 0.8
F-c 59 5.9 5.9
Result F <Fc, Ho: accept (Significance level: 0.05)
Compounds Ethylbenzene (mg/kg)
Instrumentation GC-MS
Methods ES KS T ISO ES KS T ISO ES KS T ISO
07600.1 15009 07600.1 15009 07600.1 15009
Extraction condition (soil + MeOH) S5g+10mL 10g+10mL 5g+10mL 10g+10mL S5g+10mL 10g+10mL
Avg. 8.1 8.2 16.9 17.7 39.0 36.8
SD 0.4 0.2 0.6 1.3 3.0 1.8
Variance 0.1 0.05 0.4 1.9 9.1 33
F-ratio 0.2 1.2 2.0
F-c 5.3 5.3 5.3
Result F <Fc, Ho: accept (Significance level: 0.05)
Compounds m,p-Xylene (mg/kg)
Instrumentation GC-MS
Methods ES KS I ISO ES KS I ISO ES KS I ISO
07600.1 15009 07600.1 15009 07600.1 15009
Extraction condition (soil+MeOH) S5g+10mL 10g+10mL 5g+10mL 10g+10mL 5g+10mL 10g+10mL
Avg. 17.2 17.5 38.5 40.0 85.0 79.0
SD 0.9 0.3 1.7 29 8.1 4.0
Variance 0.9 0.1 3.1 8.6 66.6 16.5
F-ratio 0.3 0.7 1.7
F-c 59 59 59
Result F <Fc, Ho: accept (Significance level: 0.05)
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Table 5. continued
Compounds 0-Xylene (mg/kg)
Instrumentation GC-MS
ES KS I ISO ES KS 1 I1SO ES KS 1 1SO
Methods
07600.1 15009 07600.1 15009 07600.1 15009
Extraction condition (soil+MeOH) S5g+10mL 10g+10mL 5g+10mL 10g+10mL S5g+10mL 10g+10mL
Avg. 83 8.5 18.2 18.9 41.1 384
SD 0.4 0.2 0.8 1.3 39 1.8
Variance 0.2 0.04 0.6 1.8 15.2 33
F-ratio 0.3 0.8 1.5
F-c 5.9 5.9 5.9
Result F <Fc, Ho: accept (Significance level: 0.05)

Table 6. Statistical assessment for the comparability between ES 07552.1 and KS 1 ISO 16703

Matrix Spiked Sample (Contaminated with Diesel)

Soil sample ERM (CCO017)
Method ES 07552.1 KS 1 ISO 16703
TPH-1 5580 5700
TPH-2 6370 5680
TPH-3 6180 5670
TPH-4 6430 5670
TPH-5 6430 5700
Avg, 6200 5680
SD 360 14
Fratio 10
Feritical 53
Result Fratio™> Feriicat, Ha: reject (Significance level: 0.05)

ES 07552.1 KS I ISO 16703
2100 1850
2090 1840
2070 1840
2050 1880
2060 1850
2070 1850

16 16
430
53

Fratio™ Feriical, Ha: reject (Significance level: 0.05)

Table 7. Statistical assessment for the effect of different extractant between ES 07552.1 and KS I ISO 16703

Compounds TPH (mg/kg)
Soil sample ERM (CCO017)

Method (Extractants) ES 07552.1 (Dichloromethane > 200 mL) KS I ISO 16703 (Acetone 40 mL + n-Heptane 20 mL)
CRM-1 6210 6360
CRM-2 6080 6990
CRM-3 6440 6950
CRM-4 6510 6990
CRM-5 6330 6960
Avg. 6310 6950
SD 170 54
Fratio 62
Faritical 53
Result Fratio™ Fuitical, Ha: reject (Significance level: 0.05)

3.3. ==31H Xlolo]| 2|t ASK(TPH)
A7) 3280 veRd vle} Zo] ES 0755213 KS 1
ISO 167032 E%F & TPH = &4 o] 53k =}

o]2 B} wEhx] $MHoF FEAo] nxE QI
S Hrelar 2 A3e Table 79 YERAITE ES
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Table 8. Statistical assessment for the efficiency of clean-up in ES 07552.1 and KS I ISO 16703

Compounds TPH (mg/kg)

Method ES 07552.1 KS T ISO 16703:2005
mi lean- . lean-

Clean-up gleaiii (SCil?;n 251) Omitted Clean-up (Florisil+AnhyC(1ri)a;1rls uslz)dium sulfate)

CRM-1 6210 5580 6860 5700

CRM-2 6080 6370 6990 5680

CRM-3 6440 6180 6950 5670

CRM-4 6510 6430 6990 5670

CRM-5 6330 6430 6960 5700

Avg. 6310 6200 6950 5680

SD 170 360 54 14

Fratio 0.4 2530

Feritical 5.3 5.3

Result Fratio < Feriicat, Ha: accept Fratio™ Feritical, Ha: reject

(Significance level: 0.05)

(Significance level: 0.05)

fuflo] HIE[ES 07552.1(1:10), KS 1 ISO 16703(1 : 3)]
oA ZIIsks A= sl & 4 Utk Sui2011)=
LAEHAANA TPH Y 42 HB](solid to
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3= S B8l F2d T oOHIES 0.1%(V/V) ©l5t2
AAEToZN AATA AN A 1;].;:})&&1—0_1 Ek5}5=2 (PAH)
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< F= 885 VERIIHL

3.4. ML xfolof °|?_|' &k &2l AI”(TPH)
EO = TPH ‘0‘]—3\: ] 9\)\01 X—]xﬂ _1,].?(4 ‘,] )\]—o]/ﬁo]
S Bt E?l":]' AAgo] A= Aol v
© s ﬁg 7¥e17] leted AR x5-o] TPH 3
A% A= Table 89 YERHSATE ES
1 2} F=24 2mLdl A7 03 g2 78
of E== 9] uX3 A (batch clean-up)ell A= A
Al H%] TPH S78%kel frolgh Afol7t gle 3o=

ERIT KS 1 1SO 1670390 71&% nie} go] =4S
SR FEFQQ g +2 Pl SXE 2 F
HA71= ZHEE A (column-clean up)e] HA AT
TPH SHZIAE I (Fouo: 2536.5 > Fogicar: 5.3, o
0.05y7} A= AS=Z YERITE ES 07552.19] FAMFHS
T S4== TPH & 3ol 9T vXA] it
KS 1 ISO 167039 2J3 AAHe TPH §55 T4
A7 1t Ao Uehth gukdoR vigA f71sRHE
£ AErslr] 95k AAHo 2 48t 2448 7R Y
aal?}a, Z2A 55 ARSI EHE AT, 2002).
v= EFZ2Eus MR FAE, 182~ (grease), 2
24 H|IZ3(terpene) 52 FAAELS AA] 25k
2271 GAHES AMSSkaL JATh(Florida DEP, 1995).
Ag7He F284 B} 40| Z7] wwe] HA &
FEo] A O BE BO0=E A HANE i E2
2lae AREShs e A 880] ¢ ZA Yl
wEpA] A A g AR s=e] Wske AAel A
SEv Ae7Han F249] Alolof] o8k Aolglr] B
1—43: = E_/\Julmo] ]o}-g]_jl 9}1\% 75]7311:!]—/\1 é uﬂi]iﬂ
AARFA ARE AAukale] xjoldla] HAYEE RAow
et Y3 oke] 22848 ARESle] TPHE AA|
3= AL uix|3Ey AW HFAle] AAPHS A
a8 ZHllA APF L2o] oF 10~20% F&o] 53
Ao g BuEoe] Itk(Koch et al., 2005).

>

3.5, BSlA MRS Xjolof o/8 @&k WIKTPH)
6&%4% ofgk Welits A thdel ohd Cy-
o B9 @A EFEIL dE(Fig 1FR) T,
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Fig. 1. Overlapped chromatogram of even number n-alkane compounds with diesel, JP-8 and kerosene.

Table 9. Statistical assessment for the effect of determinated hydrocarbon range between ES 07552.1 and KS I ISO 16703

Compounds TPH (mg/kg)
Oil type JP-8 Kerosene
Method ES 07552.1 ISO 16703 ES 07552.1 ISO 16703
Oil-1 970 600 960 670
Oil-2 900 620 950 690
Oil-3 910 650 950 690
Oil-4 990 680 990 740
Oil-5 940 600 980 660
Avg. 940 630 970 690
SD 37 32 16 29
F-ratio 1932 333.8
F-c 53 53
Result F > Fc, Ha: reject (Significance level: 0.05) F > Fc, Ha: reject (Significance level: 0.05)
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Table 10. RPD(relative producibility deviation) according to oil types
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