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ABSTRACT

Box experiments were performed to evaluate the removal efficiency of SVE (soil vapor extraction) for gasoline in soil. An
activated carbon sorption tower and a biofilter were operated as post-treatment processes to remove VOCs extracted from
extraction wells of SVE. An acrylic resin box (65 cmx20 cmx30 cm) was used to make artificial soil layers and two
injection wells and one extraction well were built for SVE process in the box. Gases from extraction wells flew into the
activated carbon sorption tower or the biofilter. Gasoline concentrations of VOCs emitted from the extraction well were
compared with those after post treatments. More than 92% of initial gasoline mass in soil were removed by SVE within
few days, suggesting that SVE is very available to remove VOCs from contaminated soils. To treat VOCs from extraction
wells of SVE, an activated carbon sorption tower and a biofilter were attached to SVE process and their gasoline removal
efficiencies were measured. These post treatment systems lowered gasoline concentrations to below 1.0 ppm within few
days. Average remediation efficiency was 98% of gasoline for the activated carbon sorption tower and 84.1% for the
biofilter. The maximum removal capacity of a biofilter was 10.7 g/L/hr, which was ten times higher than general biofilter
removal capacity. Results from the study suggest that the activated carbon sorption tower and the biofilter would be
available for the post treatment process to remove VOCs generated from SVE process.
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HiEE F7le] T8 3R A FHHS AL
SITE VOCs §38 98l Tde = oj8d S
o)Al & nEHAT e U= sRHa Qlojd e
Hololq ge] olg=x glom, F3ol o3t o] AA 5
off wo] Al8E = HBA S48k activated carbonyS:
AREEITE gAdeke WA AR st 2 7o) 5-7 mmel
AET A Fo] B2 3] AFsl nAdAES Al
Aslact. 3RS W7ol 6 cmel Aol 100 cmSl
4E olmY AL AE3ITE FEE FH8 B4k
THE 064 keelH o, THN AMERE A FUT B4
g ARE AfFsle] UE, 2L, I8 T 5 By
AY-S Fagsle] 1 Z29E Table 20 A3

TE 99.99% o7t AFE F7RARRE 7R
£ FABle] :910) e IS S FKkIien,
L2909} 7IRGAIE FEY0 Jdsl viEE vk
7} B8 F3ES SHEH slo] 299 F719 T3
AA P sivE. B 98 ol=mdne] S5em ¥
olebg FRESeH, T Pye 1.1 LY. B2y A
FAHoERE FUE e olmEH IHE FUH
RE fEEE S et UA s ARE
e 48 FH YIS o83 FHAE YA, vk
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Table 1. Grain size distribution of real soil in experiment = 95 ) EXSQ) RFAPLEY el Fntso)

Sieve Mesh size | Remained soil |Percent finer by FAE JAF FElFAPIE o83t ¥k S4TSR E
no. (mm) in mesh (g) weight (%)

# 10 2.000 _ 100 Table 2. Physical characteristics of activated carbon for packing
# 20 0.850 1.74 97.20 material

# 40 0.425 27.46 52.99 Physical characteristic Activated carbon

# 60 0.250 14.86 29.07 Apparent density 1.38 g/em?

# 100 0.150 7.40 17.16 Packing density 0.58 g/em’

# 200 0.075 421 10.38 Void volume ratio 0.42
fan - 6.45 0.00 Water holding capacity 46.30% (wiw)

Total - 62.12 - Mesh size 5-7 mm
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Fig. 1. Photograph of SVE box experiment system with an active
carbon sorption tower.
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7= VOCsE: FRHAZaEo A, HFAR] Hig 7l
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o2 394 #3E8 E5THSwanson and Loehr, ]997)

o]

31

Liquid-biofilm
phase

Carbon dioxide
water vapor

Fig. 2. Schematic of downflow co-current biofilter (Webster and
Devinny, 1998).
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Fig. 3. Photograph of biofilter.
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Fig. 4. Photograph of box experiment with biofilter.
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Table 3. GC conditions for gasoline analysis

[FEHE o183 Ve LY BEY B 33

Item Condition
Detector FID, Detection limit (S/N ratio=3), greater than 1 ng/L
Column Supelco capillary VOC-column (0.53 mm ID, 30 m in length, 3 um Film thickness)

Oven temperature

50°C (4 min. holding, 4°C/min. increase) - 130°C (10°C/min. increase) - 200°C (total 32 min.)

Carrier gas N; (99.99%, flow pressure : 5 psi.)
Inlet 150°C, Splitless taper glass inlet
Injection 5 ml gas

Purge and desorption time 11 min. and 2 min.

7kl sk, SVE 7Fs & A 19 9k oF 3t
7t HHe = ojFde ARt HHLE e TR
=339k, 2.98dE AeE 7iEd B8 S8, Go/
FID(Agilent 6890y2 AME-310.00, 7kt B4 94,
HA)-E AR (Tekmar Dohmann 3100y AHE3FHE}
Sigma-Aldrich 3] B©3lF4 BF AEE )83t
g oAl 107) Alele] 7V T RS GC
g 93 HAe F HES, BE AEY Tt AF
7] B3 gkl A BAEE FAAsIen, HEe 4l
57} 2= 09900V 0.9950Vhe] He HEde
olgslgon m e 7ks AlE BA T EF SRk A
g Bl AR AAE Fgee], M2 AR
7} ol Hekayte] Hxp) 3% oJlE I Z-polut

>

il

3000000
© 2000000 |
5 y = 1252.3x
5 2
G R? = 0.9976
a 1000000

0 . ‘ .
o] 500 1000 1500 2000 2500

Concentration (mg/L)

Fig. 5. Calibration curve for gasoline on GC analysis.
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Fig. 6. Gasoline chromatogram on GC (capillary voc-column,
length : 30 m, diameter : 530 pm, film thickness : 3 pm).
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H 9328 Jepdn)
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Feo SR FREE B - uiEEe TRk 7}
S 58 37 FER wet yehd Zleld. of 64
7t 7k 32 F(RIL) FEPOERE wiEHE Ve
E57F HaQl 790 ppmre HERARICH, 7.5Y Foll= v
Z7k=e] 7 Tt ti713E AR ] WiAISekE: vl
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Fig. 7. Result of the artificial soil SVE box test with an active
carbon sorption tower.
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ket wlEriae] Fholan FxE] FPozA FAE
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Table 4. Removal efficiency and capacity of active carbon sorption tower for artificial soil SVE experiment

Inflow Outflow

Injection Inj ecfed accumulated Inﬂqw Inﬂqw Extraction Outﬂ.ow Outﬂgw Removal | Removal
Sample . gasoline gasoline gasoline . gasoline gasoline . .

time mass . . time . . efficiency | capacity

No. (hr) mass @ concentration| loading (hr) concentration| loading %) (e/L/hr)

(8 (mg/L) (g/L/hr) (mg/L) (g/L/hr)

1 1 0.13 0.13 122.8 0.20 1 2.07 0.00 98.3 0.20
2 5 KN 0! 323 789.8 1.29 5 5.21 0.01 99.3 1.28
3 6 1.65 4.88 692.9 1.13 6 5.36 0.01 99.2 1.13
4 7 1.50 6.38 626.3 1.02 7 4.04 0.01 99.4 1.02
5 9 1.49 7.87 597.5 0.98 9 2.73 0.00 99.5 0.97
6 10 1.70 9.57 6184 1.01 10 434 0.01 99.3 1.00
7 11 1.15 10.72 598.5 0.98 11 2.54 0.00 99.6 0.98
8 13 1.38 12.10 660.9 1.08 13 4.46 0.01 99.3 1.07
9 15 1.92 14.02 631.4 1.03 15 3.70 0.01 994 1.03
10 16 2.00 16.01 579.7 0.95 16 3.39 0.01 994 0.94
i1 17 1.16 17.18 6334 0.92 17 331 0.01 99.5 1.03
12 18 1.33 18.51 5814 0.93 18 3.80 0.01 99.4 0.95
13 20 1.92 2043 560.9 0.91 20 6.31 0.01 98.9 091
14 22 1.42 21.85 566.2 0.95 22 821 0.01 98.6 091
15 23 1.71 23.55 497.4 0.95 23 6.61 0.01 98.7 0.80
16 25 1.11 24.67 517.0 0.94 25 6.82 0.01 98.7 0.83
17 27 1.87 26.54 578.8 0.94 27 5.97 0.01 99.0 0.94
18 28 1.06 27.59 5743 0.88 28 4.05 0.01 99.3 0.93
19 29 1.26 28.85 572.2 0.88 29 4.05 0.01 99.3 0.93
20 30 1.30 30.15 540.3 0.84 30 3.96 0.01 99.3 0.88
21 32 1.63 31.78 5373 0.70 32 3.73 0.01 99.3 0.87
22 34 1.85 33.63 515.1 0.71 34 2.31 0.00 99.6 0.84
23 40 494 38.58 429.5 0.80 40 2.81 0.00 994 0.70
24 43 2.53 41.10 4345 0.76 43 290 0.00 99.3 0.71
25 45 1.63 4274 488.7 0.77 45 321 0.01 99.3 0.79
26 47 2.06 44.80 464.8 0.55 47 5.57 0.01 98.8 0.75
27 49 1.34 46.13 472.6 0.64 49 4.61 0.01 99.0 0.77
28 53 292 49.05 3387 0.63 53 4.13 0.01 98.8 0.55
29 54 0.89 49.94 391.3 0.60 54 247 0.00 99.4 0.64
30 56 1.57 51.51 385.1 0.55 56 3.66 0.01 99.1 0.62
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Table 4. Continued
Inflow Outflow

Injection InjecFed accumulated Inﬂqw Inﬂqw Extraction Outﬂf)w OurﬂF)W Removal | Removal
Sample . gasoline gasoline gasoline . gasoline gasoline . .

time mass . . time . . efficiency | capacity

No. (hr) mass @) concentration | loading (hr) concentration| loading %) (e/L/hr)

() (mg/L) (g/L/hr) (mg/L) (g/L/hr)

31 59 .77 53.29 367.9 053 59 2.15 0.00 994 0.60
32 61 1.39 54.68 335.8 0.51 61 1.01 0.00 99.7 0.55
33 65 213 56.81 322.7 0.46 65 1.76 0.00 99.5 0.53
34 69 2.19 59.01 313.0 0.47 69 2.18 0.00 99.3 0.51
35 74 2.73 61.74 282.5 0.44 74 2.27 0.00 99.2 0.46
36 82 4.07 65.81 289.1 0.40 82 1.70 0.00 99.4 047
37 83 0.93 66.75 266.9 0.38 83 1.58 0.00 99.4 043
38 86 0.98 67.72 241.1 0.31 86 222 0.00 99.1 0.39
39 89 1.62 69.34 234.9 0.29 89 1.69 0.00 99.3 0.38
40 99 3.84 73.18 190.9 0.27 99 1.56 0.00 99.1 0.31
41 104 1.41 74.59 174.2 0.26 104 1.22 0.00 99.3 0.28
42 108 1.30 75.89 162.3 0.23 108 1.30 0.00 99.2 0.26
43 110 0.70 76.59 160.3 0.22 110 1.36 0.00 99.1 0.26
44 118 2.20 78.79 142.0 0.21 118 1.20 0.00 99.2 0.23
45 122 0.82 79.62 136.1 0.20 122 1.00 0.00 99.3 0.22
46 127 1.30 80.92 126.3 0.20 127 1.40 0.00 98.9 0.20
47 130 0.60 81.51 122.1 0.15 130 1.83 0.00 98.5 0.20
48 133 0.01 82.28 1235 0.14 133 1.83 0.00 98.5 0.20
49 141 0.01 83.82 91.2 0.10 141 1.50 0.00 984 0.15
50 144 0.00 84.22 88.3 0.10 144 1.30 0.00 98.5 0.14
51 155 0.02 85.69 63.8 0.09 155 3.76 0.01 94.1 0.10
52 158 0.01 86.06 60.6 0.09 158 1.67 0.00 97.3 0.10
53 163 0.01 86.55 5712 0.09 163 1.75 0.00 97.0 0.09
54 168 0.01 87.05 54.6 0.08 168 1.70 0.00 96.9 0.09
55 171 0.01 87.43 56.2 0.07 171 1.50 0.00 97.3 0.09
56 178 0.01 88.04 515 0.07 178 1.24 0.00 97.6 0.08
57 183 0.01 89.27 457 0.06 183 1.39 0.00 97.0 0.07
58 193 0.02 89.70 40.3 0.05 193 1.20 0.00 97.0 0.06
59 199 0.01 90.70 339 0.04 199 1.12 0.00 96.7 0.05
60 217 0.03 91.05 27.7 0.03 217 0.94 0.00 96.6 0.04
61 225 0.01 92.65 26.2 0.02 225 0.87 0.00 96.7 0.04
62 264 0.07 93.34 184 0.02 264 0.77 0.00 95.8 0.03
63 288 0.04 93.55 133 0.02 288 0.80 0.00 94.0 0.02
64 297 0.02 93.66 13.3 0.01 297 0.80 0.00 95.2 0.02
65 302 0.01 93.66 11.4 0.01 302 0.64 0.00 9.1 0.02
66 303 0.00 93.70 8.7 0.01 303 0.68 0.00 93.1 0.01
67 304 0.00 94.07 6.0 0.01 304 0.60 0.00 93.6 0.01
68 31 0.07 95.65 48 0.01 31 0.39 0.00 92.0 0.01
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AA] B tiakoz AAE SVE vk Aers of

13AZE 7k 2 F(150 1) FEHCZRE Vi

7}k28] %7} 50 ppm ©|EHE FASIALL, 7H o]FellE
) 10 ppm ©|3}S XI5} CHFig. 10). Table 59} Fig. 10
5 AA| EQF vk Afolx] Eder 3] FYEe TRk
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Fig. 8. Removal efficiency of gasoline under inlet concentration
in the active carbon sorption tower for the artificial soil SVE
experiment.
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Fig. 9. Removal capacity of gasoline under inlet concentration in
the active carbon sorption tower for the artificial soil SVE
experiment.
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Fig. 10. Removal efficiency of gasoline under inlet concentration
in the active carbon sorption tower for the real soil SVE experiment.
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Fig. 11. Removal capacity of gasoline under inlet concentration in
the active carbon sorption tower for the real soil SVE experiment.
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Table 5. Removal efficiency and capacity of active carbon sorption tower for real soil SVE experiment

Inflow Outflow

Injection Iny ec?ed accumulated Inﬂo_w Inﬂo_w Extraction Omﬂ?w Omﬂ?‘” Removal [ Removal
Sample . gasoline gasoline gasoline . gasoline gasoline . .

time mass . . time . . efficiency | capacity

No. (hr) mass (® concentration | loading (hr) concentration | loading (%) (e/L/hr)

©® (mgL) | (g/Lho) mg) | (gl

1 0 0.46 047 672.62 1.10 0 1.24 0.00 99.8 1.10
2 2 1.74 221 762.56 1.25 2 1.38 0.00 99.8 1.25
3 3 1.24 345 38743 0.63 3 0.99 0.00 99.7 0.63
4 5 049 479 576.10 0.94 5 1.13 0.00 99.8 0.94
5 8 2.86 922 763.16 1.25 8 3.10 0.01 99.6 1.24
6 9 0.76 9.98 776.37 1.27 9 1.90 0.00 99.8 1.27
7 11 0.71 12.55 802.45 1.31 11 2.57 0.00 99.7 1.31
8 12 1.72 14.26 810.69 1.33 12 1.55 0.00 99.8 1.32
9 13 247 16.74 837.68 1.37 13 1.78 0.00 99.8 1.37
10 15 1.83 18.56 831.02 1.36 15 1.26 0.00 99.8 1.36
11 16 211 20.68 769.04 1.26 16 1.25 0.00 99.8 1.26
12 18 2.15 22.82 754.79 1.24 18 1.24 0.00 99.8 1.23
13 18 1.17 23.99 715.86 1.17 18 1.25 0.00 99.8 1.17
14 20 1.47 25.46 684.11 1.12 20 1.30 0.00 99.8 1.12
15 21 1.53 26.99 656.93 1.07 21 1.31 0.00 99.8 1.07
16 22 1.40 28.40 608.12 1.00 22 1.53 0.00 99.7 0.99
17 24 2.05 30.45 549.12 0.90 24 1.35 0.00 99.8 0.90
18 27 044 32.84 562.16 0.92 27 1.32 0.00 99.8 0.92
19 28 1.26 34.09 556.21 091 28 1.11 0.00 99.8 0.91
20 29 1.27 35.36 515.10 0.84 29 1.04 0.00 99.8 0.84
21 31 1.61 36.98 471.62 0.77 31 0.85 0.00 99.8 0.77
22 35 1.12 39.99 334.55 0.55 35 1.79 0.00 99.5 0.54
23 37 0.73 40.73 235.09 0.38 37 1.02 0.00 99.6 0.38
24 39 0.88 41.60 247.25 0.40 39 0.54 0.00 99.8 0.40
25 41 1.05 42.66 257.10 042 41 0.68 0.00 99.7 0.42
26 44 0.44 44.01 207.53 0.34 44 0.46 0.00 99.8 0.34
27 45 0.48 44.50 194.43 0.32 45 0.46 0.00 99.8 0.32
28 47 0.67 45.17 185.89 0.30 47 0.52 0.00 99.7 0.30
29 51 1.12 46.29 159.51 0.26 51 042 0.00 99.7 0.26
30 53 0.56 46.85 153.96 0.25 53 0.40 0.00 99.7 0.25
31 68 2.51 50.15 85.58 0.14 68 0.29 0.00 99.7 0.14
32 73 0.67 50.82 65.97 0.11 73 0.28 0.00 99.6 0.11
33 80 0.45 51.53 48.78 0.08 80 0.17 0.00 99.7 0.08
34 92 0.90 5243 35.13 0.06 92 0.28 0.00 99.2 0.06
35 97 0.19 52.76 28.55 0.05 97 0.28 0.00 99.0 0.05
36 104 0.29 53.05 22.90 0.04 104 0.10 0.00 99.6 0.04
37 116 0.44 53.49 17.73 0.03 116 0.25 0.00 98.6 0.03
38 140 0.29 54.13 13.79 0.02 140 0.23 0.00 98.3 0.02
39 148 0.20 54.33 13.68 0.02 148 0.23 0.00 98.4 0.02
40 164 033 54.67 10.57 0.02 164 0.19 0.00 98.2 0.02
41 173 0.17 54.84 9.29 0.02 173 0.14 0.00 98.4 0.01

7= W g3l TkE-e] vlolegE RiEVIE TP W 7] ol tig & AIRPE AA 888 R
A 2 FHEAY v8E Bl elsied AAHEU =), B 84.1% FEHL w2 AA B8-S UEHIt
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Fig. 12. Photograph of gasoline removal using SVE ((a) Distribution of gasoline before SVE, (b Distribution of gasoline after 1.5 days of

SVE, and (c) Distribution of gasoline 4.3 days of SVE).
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Fig. 13. Resuit of SVE box experiment with the biofilter.
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Table 6. Removal efficiency and capacity of biofilter
Inflow Outflow
Injection Ill_]CCt.Cd accumulated Inﬂqw Inﬂqw Extraction Outﬂ?w Outﬂf)w Removal | Removal
Sample . gasoline gasoline gasoline . gasoline gasoline . .
time mass . . time . . efficiency | capacity
No. (hr) mass @ concentration| loading hr) concentration| loading (%) (e/L/hr)
(& (mg/L) (g/L/hr) (mg/L) (g/L/hr)
1 1 9.4 9 1124 12.3 2 291 3.2 74.1 9.1
2 2 14.6 24 1139 12.4 4 204 22 82.1 10.2
3 5 375 62 1090 11.9 5 182 2.0 833 9.9
4 6 13.6 75 933 10.2 6 145 1.6 845 8.6
5 7 14.5 90 945 10.3 7 96 1.0 899 9.3
6 8 114 101 804 8.8 9 72 038 91.1 8.0
7 10 121 113 788 8.6 10 65 0.7 91.8 7.9
8 12 184 132 578 6.3 11 56 0.6 929 5.7
9 14 12.8 144 543 59 13 32 0.4 94.4 5.6
10 20 14.7 159 205 22 17 23 03 95.7 2.0
11 26 14.0 173 201 22 24 3 0.0 98.6 22
12 43 10.8 184 53 0.6 30 24 0.3 97.9 0.3
13 44 1.0 185 67 0.7 31 16 0.2 920 0.6
14 50 26 188 39 0.4 46 10 0.1 95.5 03
15 53 1.1 189 30 0.3 48 4 0.0 94.1 0.3
16 56 25 191 58 0.6 51 6 0.1 93.9 0.6
17 59 0.7 192 25 03 55 5 0.1 94.7 0.2
18 62 1.0 193 24 0.3 59 5 0.1 78.8 0.2
19 63 1.7 195 24 03 72 5 0.1 79.3 02
20 78 1.9 196 16 0.2 74 4 0.0 81.2 0.1
21 79 0.1 197 10 0.1 83 3 0.0 68.4 0.1
22 83 0.6 197 14 0.2 99 6 0.1 58.5 0.1
23 103 26 200 11 0.1 106 4 0.0 62.6 0.1
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[ Lo b D mweReus A shiel vocs AAE Yo
é ; x__Efficiency | . g gﬁ-&}_& A8 4 9JL-2 A=siyr).
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