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ABSTRACT

The landfarming treatment for the remediation of the petroleum contaminated soil at the returned U.S. Military bases was
investigated in this study. Specifically, the bioaugmentation performance using various commercially available petroleum-
degrading bacteria was evaluated and the directions for enhancing the performance of the landfarming treatment were
suggested. The environmental factors of the soils at the returned U.S. Military bases chosen for remediation indicate that
the landfarming treatment can be used as the remediation technique; however, the addition of nitrogen or phosphorus is
required. The lab-scale landfarming treatment tests using the model soil and the site soil showed that the degradation
efficiency was greater with the model soil than the site soil and that the treatment performance was not affected by the
number of bacteria present in the soil in the range of 10°-10'2 CFU/g. These results suggest that the successful landfarming
treatment depends on the petroleum degradability of bacteria used and the environmental conditions during the treatment

rather than the number of petroleum-degrading bacteria used.
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JFTT S 28 R2A TANIRAE AME3)
A, FAL yeast extract 0.5g/L; proteose peptone
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2007)0l &3tk g dke] A, 140 71A] F 20
ZIAGEA 7SR 9-11% TS AlLls YA A

= 13-22%9] AA WLl FEGEA Ve 12-
30%(MOoE, 2007))~ SRl USRS B o]§
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Table 1. C/N, N/P, C/P ratios for soil samples from the 14
returned U.S. military bases in Korea

Site No. C/N N/P C/P
1 56 55 3072
2 59 29 1723
3 44 21 935
4 18 16 289
5 29 79 2297
6 66 24 1574
7 36 5 190
8 72 20 1463
9 82 9 741

10 220 3 767
11 38 4 148
12 20 19 391
13 21 28 590
14 155 13 2049
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Table 2. The number of bacteria in the 16 hydrocarbon-degrading bacteria cultures and their TPH degradability test in the model soil

contaminated with 10,000 mg/kg JP-8 for 30 days

Hydrocarbon-degrading Total number

Aliphatic hydrocarbon  Aromatic hydrocarbon Residual TPH in model

bacteria culture of bacteria degrading bacteria degrading bacteria soil after
(CFU/mL) (CFU/mL) (CFU/mL) 30 d (%)
St 14x10"£0.5 9.4x107+£0.6 24x10°£0.6 66.4 + 15.04
S2 2.5x108+0.7 3.0x10°£0.1 26x108+£0.8 62.1+114
S3 14x10"+0.9 1.7x10'°+0.5 9.5%x10°+0.7 50.8 +3.81
S4 41x10"+02 1.0x 109+ 0.0 1.1x10°+0.7 6297 +15.83
S5 1.6x103+0.3 29x10"£03 22x10"+£0.2 61.97 £ 10.62
S6 41x10"+0.1 12x105+0.3 1.3x10"+0.1 629+ 13.7
S7 50x108+0.1 40x10"+0.1 3.0x108£0.1 65.9+11.8
S8 9.5x 10" +0.7 1.7x10°+0.4 13x10°+0.2 66.2 +6.96
S9 13%x10"°+04 9.5%x10°+0.7 1.8x10'°+0.1 62.6+17.84
S10 1.8x103+0.3 3.6x108£0.6 85x107£0.2 53.8+15.77
Si1 2.6x108£0.8 2.1x108+0.1 25x108£0.8 582+9.35
S12 50x107£0.1 20x10"£0.0 24x10"+£0.2 579+ 1.62
S13 1.0 x 108+0.1 50x10°%0.1 12x10"+0.2 51.6£16.44
S14 22x108+£0.2 1.7x108+0.4 43x108+04 71.8+£8.03
S15 1.8x10°+0.3 23x10°+0.5 1.7x10° +0.1 77.8+1.2
S16 24x10+0.1 1.0x 1050.1 1.0 x 10540.1 64.6+11.43

JP-89] ZHFERe 53-78%C1Utt. 7+ HIAEAIA] W] mAY
E ol A7 & B Ul TPH ARl gk ZAye
Table 20 AE|3l3dtt. o] AL Bl 2t AAE FHS
EF HellA ZF A i) mESe] EY W
ARESlY fRE Edllske s8] AeS 3
AAEL 2E AA7F 50%S FA EJt. o]
Alge] Hd) Fallss L3 = e F7io] opd
Y FEHET EAlke 20&FHA s S8 e A
Hroh A9} Q] nlgo] gha] Hlg) Fujyoz ke
z27) 3llA wele-s ERIsI7] wiitol veRd Avjet
i B Utk EY W W TPH 281&2 624+
7.0%2 22} 7L F 11% BE o= Fallgol &
2015 Koz ek, ol EY U 7] vAE 5
10°CFU/ge 2 Bt & #3855 ERIsIl7] wwolatar
Hol Zk, £ Aol A5t vE AlA U] mAE
Fe T R ope} Rl BT 9 = ol
(> 10°CFU/mL)°] EA8t9aL, AA EY7E4 Al TPH
Hlede AV fle AR - olHt= A
Y F EX W nE 47 0 88 Zelgla adt
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o
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o
ol

.

fr
pi

0 M
lo ¢
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=743 A= Fig. 190 F2lsiict
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olxe] ol ofgt &4 ¥ FEES T LAY
Aolt}, e} o]sk 7 A EFEAP g 5
o] YH=E A= A2 Bt B3 BE A4
Z27] 25 BolE WE S5 oF 50% o] TPH7F
AAS AL, 27 o|FHEE =3 52 AAHA 7}
AAME TPH w3ll&(%)yt 43t A5 #5 SA% 2
= Table 39 AaIAct vAE AA| 22] EolA
EFRA 717 Bt AA FY A 7] EG U WA
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2} SRRl 105-102CFU/g A8k JglaL, o)1=
3 vy Uzl eadoz ARl AESa
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Fig. 1. TPH degradation in the model soil contaminated with 5,000 mg/kg JP-8 and the contaminated site soil during the landfarming
treatment after bioaugmentation with different products of petroleum-degrading bacteria (S1, S9, S13, and S16).

Table 3. Changes in the number of bacteria and the TPH degradation (%) in the model soil after the 56 days of landfarming treatment
and the TPH degradation (%) in the contaminated site soil after 74 days of landfarming treatment

Petroleum- Aliphatic hydrocarbon Aromatic hydrocarbon TPH degradation TPH degradation
degrading Total number of bacteria (CFU/g) degrading bacteria  degrading bacteria in model in site
bacteria (CFU/g) (CFU/g) soil (%) soil (%)
cultures Day 0 Day 56 Day 56 Day 56 Day 56 Day 74
S1 12x107+£0.01 24x10"£02 13x10"+04 23x 10" £1.1 75.66 +2.98 27.05+4.58
S2 14x107£0.01 45x10°+02  35x10°+04 1.8x10"+0.1 76.20+0.23 30.75+2.98
S3 6.6x10"+1.7 1.5x 10" +0.1 12x108+0.0 48x108+03 71.09 £ 1.15 22.07 £5.50
S4 7.0x10"+£0.3 52x10"+04  29x10"+03 48x10"£1.1 72.60 +0.99 27.32+1.95
S5 41x10°£03  62x10"+06  1.7x10"+0.1 1.9x 10" +0.6 68.61 +2.05 23.84 +£9.65
S6 64x10°+2.3 9.5%x108+0.4 13x10°+0.5 23x108+0.7 65.57 £ 1.67 24.65+3.26
S7 13x10"+04 3.0x10"+04 8.0x10°+0.5 1.1x10"£0.1 64.18 +2.81 26.32 +7.61
S8 35x107+02 1.0x 102 +0.1 79x10"+1.2 49x10"+12 67.44+0.22 27.84+1.16
S9 4.1 x10°+0.1 74x10"£04  29x10"+0.1 3.6x10°+0.1 66.79+2.12 26.88 +1.95
S10 3.6x10*+0.6 32x108£0.1 7.0x10°+0.4 7.0x10°+04 7421 +2.84 31.14+2.44
S11 13x107+£05  63x10"+0.5 1.6x10"+0.2 50x10" £ 04 69.86 + 1.24 26.08 £5.75
S12 1.8x10°+0.5 6.5%x10°+0.4 9.5%x10%+0.7 6.5x10°+0.5 72.13 £ 131 27.96 +1.61
S13 9.9 x 10°%0.1 12x10"+03  95x10°+1.1 34x10"£02 70.97 +0.79 2599 +5.20
S14 12x108£0.3 3.7x10°+0.8 24x107+0.1 34x107+04 73.77+1.75 27.64 +6.52
S15 83x10°+04 29x107+0.1 89x10°+0.2 6.5x10°+04 77.91 +0.01 29.85 +6.07
S16 56x10°+0.6 14x10°+02 12x107£0.1 23x107+0.3 77.53 +£0.02 29.67+3.83

J. Soil & Groundwater Env. Vol. 18(2), p. 1~9, 2013
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Fig. 2. Relationship between the number bacteria at the end of the

landfarming treatment and the TPH degradation during the
landfarming treatment in the model soil with the initial TPH

concentration of 4,100 mg/kg. O: Heterotrophic aerobic bacteria,
[1: Aromatic-degrading bacteria, A: Aliphatic-degrading bacteria.
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