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Laboratory Tests for Trichloroethylene (TCE) and Toluene Remediation in
Soil Using Soil Vapor Extraction

Minhee Lee* and Hyunmin Kang

Department of Environmental Geosciences, Pukyong National University, 599-1 Daeyondong, Namgu, Pusan
608-737, Korea

Column experiments were performed to evaluate the removal efficiency of soil vapor extraction (SVE) for TCE
(trichloroethylene) and toluene in soil. Homogeneous Ottawa sands and real soils collected from contaminated area
were used to investigate the effect of soil propertics and SVE operation conditions on the removal efficiency. In
column tests with two different sizes of Ottawa sand, the maximum effluent TCE concentration in a coarse sand
column was 442 mg/L. and 337 mg/L in a fine sand column. However, after 20 liter gas flushing, the effluent con-
centrations were very similar and more than 90% of initial TCE mass were removed from the column. For two real
contaminated soil columns, the maximum effluent concentration decreased 50% compared with that in the homoge-
neous Ottawa coarse sand column, but 99% of initial TCE mass were extracted from the column within 40 liter air
flushing, suggesting that SVE is very available to remove volatile NAPLs in the contaminated soil. To investigate
the effect of contaminant existing time on the removal efficiency, an Ottawa sand column was left stable for one
week after TCE was injected and the gas extraction was applied into the column. Its effluent concentration trend
was very similar to those for other Ottawa sand columns except that the residual TCE after the air flushing showed
relatively high. Column tests with different water contents were performed and results showed high removal effi-
ciency even in a high water content sand column. Toluene as one of BTEX compounds was used in an Ottawa
sand column and a real soil column. Removal trends were similar to those in TCE contaminated columns and more
than 98% of initial toluene mass were removed with SVE in both column.

Key words : SVE, TCE, Toluene, NAPL, Soil remediation
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liter 7] & %ol 7] FYUHEY 90% 7}, 40 liter 37 F=& Fol= 98% oldo] AA=UT. Toluene O =
2g9d 29 AgoMx TCES vlset AA AsS Jepdon 200 liter 37 5 Foe L9E 7] 4%

98% ool AAHNUT. 2 43 AARFE F7IFEES

0|23+ TCE, toluene 3} E&/d¢] wHEoH, 3L

4 NAPLE o9 44 £92 24s71919 SVERS) 287H54e 318 + Ich

F20{ : TCE, toluene, SVE, NAPL, 2943l B Z7|5F3Y
LM = 8 47s %o

EFE71%3E U (SVE : Soil Vapor Extraction) &
% W 5SS SRk, EgogRE I &
71 29 E&(VOCs: volatile organic compounds)S
7k o FEsle WPo R, EXdor VOCs
& Akl Aeet Yoz AMEHI JUTHEPA,
1991; EPA, 1995; EPA, 1999). =8loM= E3] F
#48 X33 UST(underground storage tank) 5=
9] VOCs &< 98t Bekoagsld dal o83
e, thE A3} whHel vjs) A8 v|go] HHata,
A7} Bolab, EY B4 A #Asle AT 80F
o] 7] Wi FFL FIEAER 2%d FH E
¢ A3t e shia m# = drk(ohnson ef
al., 1990; Frank and Barkley, 1995; Poppendieck
et al., 1999; Kirtland and Aelion, 2000). 4 2%
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2 T EY SA4ET o[E0] SVE 43} &g 7|
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1998; Sawyer and Kamakoti, 1998; Yoon et dal.,
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SVE A3} 238 95l 242 TCE(Trichloro-
ethylene: Sigma-Adrich Company #|&)¢} toluene
(Sigma-Adrich Company #|&)0] LHEAR o]&-5%]
ou, Ottawa sand(US Silica Company #&),
Ao} FRO) AA 2F EYe] A7 25cm, 4ol 30
cm?l #2] Zol] A TCEY Toluened 2
¥ EYM 2AEE diEZAE] VOCs SHEZER,
25 g 4471 0.0001atm - m¥mol B} FH E
T (Montgomery and Welkom, 1990). LEEd= A}
£%¥ TCE®} Toluene®| =8]/818M4 S4Ec| Table
1o velle). Sudan VR Fealoz HaEl TCE
1} tolueneo] ZFFAPIE olgste] ZE el 4¢
A FAHAHFG. 1). AZ oloJGEE 99.9% ©)° )7t
A =2 A9 o] Y48 F UA=E V] F%
Al(air flow meter: Cole-Parmer Company A|¥)&
Axlsted 003 L/min®] YA == 377 TYH
T2 sty FY 379 4% Humidity)E 99% ol
o2 FAE] flstd HA AXE HASIATE &
Ho 2HE fEHE 7Ie A 72X E YR
A& olgste] 7t2xaZvrtE 23 T (GC : Agilent
6890 Plus with FID)*] Z+ W= F9)ste] /& 7t
2 FEE BAEtKFE 2). 2Hzte] e dgeio)
T S 2 {E kS R HIE TAs
A3 482 A3 Y. SVE 4¢¥ & 2488 vgs

Table 1. Properties of TCE and Toluene (Montgomery and Welkom, 1990).

Molecular Molecular Specific Aqueous solubility Henry's constant
formula weight density (mg/D) (atm * m*/mol)
TCE C,HCl; 131.39 1100 0.0099
Toluene C;Hg 92.14 515 0.0067
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Fig. 2. Photograph of column experiment system.
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fiFe] =rt FE &l v FFE FHII Ottawa sand(F-35)= A 7F=-2 sl ¢xte] AAo)



224 o]l

* % oh:ﬂ_lﬂ

Table 2. Composition of Soil A and Soil B from XRF analysis (weight %).

Material Soil A-1  Soil A-2  Soil A-3 Soil A Soil B-1  Soil B-1 Soil B-1 Soil B SD
name (1/3) (2/3) (3/3) (average) (1/3) (2/3) (3/3) (average) o
Si0, 60.72 60.66 60.68 60.69 0.0346 65.80 65.79 65.81 65.80 0.0115
Al,O4 17.94 17.95 17.95 17.95 0.0038 16.20 16.18 16.18 16.19 0.0096
Tio, 0.55 0.56 0.55 0.55 0.0015 0.82 0.82 0.82 0.82 0.0022
Fe,04 543 5.43 5.43 5.43 0.0047 4.40 4.41 441 4.41 0.0027
MnO 0.11 0.11 0.11 0.11 0.0003 0.09 0.09 0.09 0.09 0.0004
MgO 0.86 0.85 0.85 0.85 0.0055 0.99 1.00 1.00 1.00 0.0099
CaO 1.06 1.07 1.06 1.06 0.0043 091 0.91 0.91 0.91 0.0022
Na,O 1.68 1.69 1.67 1.68 0.0093 1.18 1.17 1.18 1.18 0.0031
K,0 2.82 2.82 2.82 2.82 0.0023 2.89 2.89 2.89 2.89 0.0022
P,0s5 0.09 0.09 0.09 0.09 0.0003 0.03 0.03 0.03 0.03 0.0003
LOI 7.12 7.12 7.12 7.12 5.05 5.05 5.05 5.05
Total 98.39 98.34 93.33 98.35 98.35 98.34 98.36 98.35

*S.D. : standard deviation.
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Fig. 3. Grain size distribution curves of real soils.

QUALITY CONTROL) FOR ANALYSIS
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Fig. 4. Calibration curve for TCE on GC analysis.
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Table 3. Summary of column test results.
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Fig. 9. Results of column experiments with toluene.

Maximum effluent
concentration (mg/l)

Residual amount in column

Total air extraction after air extraction

amount (liter)

TCE toluene mass %
Ottawa F-35 sand 442.1 199.3 - -
Ottawa F-110 sand 3374 280.4 - -
Ottawa F-35 sand (15% water content) 384.1 157.8 - -
Ottawa F-35 sand (55% water content) 364.6 150.9 - -
Soil A 246.3 212.4 1.6 0.04
Soil B 179.1 225.4
Soil A with one week later air extraction 181.1 - 2176 7.8 0.195
Ottawa F-35 sand (toluene) - 65.7 245.2 0.007 1.75x 1074
Soil A (toluene) - 60.4 330.9 0.017 4.25x107*
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