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Effects of Compost Amendment on Petroleum Hydrocarbon Removal and ATP Concentration
in Bioremediation of Diesel Contaminated Soil
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School of Civil and Environmental Engineering, Yeungnam University

ABSTRACT : The effects of compost amendment on the removal of petroleum hydrocarbons and the activities of microorganisms in soil
ecosystem have been studied in bioremediation of diesel contaminated soil. The relation between biological activities and removal of petroleum
hydrocarbon was determined by ATP(Adenisine Triphosphate), n-alkanes and TPH concentration analysis. After 80 days of bioremediation,
the removal of TPH in soil amended with compost increased more than 10% compared with control soil which was tilled in the same con-
dition without compost addition. The biodegradations of n-alkanes having 12 to 20 moles of carbon were distinctive. As the soil was con-
taminated with more diesel, the ATP has decreased rapidly. When the TPH amounted to 80,000 mg diesel’kg, the ATP decreased to 4 ng/g
from initial concentration of 65 ng/g. While the ATP in the compost amended soil increased to 112 ng/g after tilling for 6 days, the ATP
in the control increased to merely 36 ng/g after tilling for 14 days. Also while the control soil showed a lag time in ATP increase, the com-
post amended soil did not show that but showed a rapid ATP increase within a short time. The patterns of changes in ATP concentration
were similar to those in daily removals of TPH with time difference of about 7 days.
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Table 1. Soil characteristics(based on dry wt.)

Sandy Loam
Gravel(%) 1.4
Soil texture Sand(%) 79.9
Silt(%) 9.2
Clay(%) 9.5
pH 7.0
Moisture content(%) 14
ATP(ng/g) 65.0
Pb 0.68
As 0.69
Heavy metals(mg/kg) CCr 161+ ?\Ig
Cd ND
Hg ND
211. EY
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Table 2. Compost characteristics(based on dry wt.)

Moisture(%) 68
Salinity(%) 0.17
Carbon(%) 272
Nitrogen(%) 1.1
ATP(ng/g) 16
Cd 3.03
Heavy Metals glrl Zg;
(mglke) Hg 0.02
Pb 7.04
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Table 3. Operating conditions of gas chromatography for TPH
and n-alkane analysis

HP - 1(Methy! silicone, 25 m length x

0.32 mm [D.x0.52 pm film thickness)

Column Packing material Fused silica
Phase Non polar
Initial time 2 min
Initial temperature 60°C
Program Progress rate 8 C/min to 320C
Final temperature 320°C
Final time 30 min
Injection port 300°C
Temperature -
Detector 320C
Detector Flame ionization detector
Column 2 mL/min
Hydrogen gas 33 mL/min
Gas flow Air 330 mL/min
Nitrogen(carrier gas) 28 mL/min
He(carrier gas)

2.3.2. ATP .

F-FedEYS AETE Zdo 9lojA fUiANES &
e} o) wE BESHH S5 W E AHET| sty
ATP(Adenosine Triphosphate)®] =% HFAEE 5549
BEE 233N ATPY 55+ PAEY EHEE 47
Aoz FET F on, UM EYFY odd =9 &
Aol WE BESE G2 FAE AT & Y= F
oz A8d % Ut

ATPY BA& 5 g9 EY Al 0.1% sodium pyropho-
sphateE F9)3ld A|2Y 9 HAES EFNZ HF 45
Ao AgIAh 1 mLe FEd 0.5% TCAZ 02 mLE
A3 vortexdt Ao 0.8 mL Tris bufferE FY3I3L vortex gt
RAE JH3le] AAom AMESHTE HY 100 pLe] 50 pL
9] ATP-free water® ¥ vortex?d T2 100 ulL ATP
Luciferin-Luciferase S FY3sto] o4& TD—20/20 Lumino-
meter2 £ 3519t}

3.1. =7| n-akanes LE ST

ERACR 43 AR LFRALE AT EFY
ASAZSHSA(TPH)Y 55 AZEY7]E 80,000 mg
diesel’kgo)th 29 d ELFL Fig. 17 Zo] decane(C10)~
docosane(C22)°] 995~2,423 mg/kg WS Jelfo] Auky
©22 1,000 mgkegolde] FEE UYeled, ojl59 &
28 AA n-alkanes ¥ branched alkanes?] 92.2%9) 3G
3t} n-alkanes Z| A% E3) hexadecane(C16)°] 2,423 mg/
kgeg 713 E2 %S UeSR, pentadecane(Cl5)0]
1,967 mghkgo 2 I HE o|rk &3, branched alkane 2=

A HEE BHEA] g Aoz gElAa e pristaned}

Hotetd 3 ool x| 283 72, 2006E 74



724 o)Zd . AP

3000

3 b
8 8

Cartam inated concentration
{m g/kg g1y soil)
F
8

1000

500

ausaep

ey
susLT
suezspop
|uBsaply
sueoapRAR
BUB9 paxy
Buedapeiday
sugisud
eufyd
LesapeUcL
2UeSOaR
suesool
auesozegd,
aues aoejuad
atesogexay
aussosgday
QUes 026100
BusSaTRUL

sussoaop

aueIapU
aussapeion
susseomumy

sustepyued

Companets
Fig. 1. Initial concentrations of n-alkanes, pristane and phy-
tane in contaminated soil.
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Table 4. Removal reaction rates and determination coefficients of petroleum hydrocarbons

Components Case Rate constant | Coefficient of | Half-life Comporent Case Rate constant | Coefficient of | Half-life
P k [day'] | determination r* | 11, [day] ponents k [day'] | determination # | f1n [day]
control 0.1914 0.9834 3.6 control 0.0136 0.8508 51.0
Octane Octadecane
compost 0.2282 0.9955 3.0 compost 0.0196 0.8989 354
control 0.1122 0.9831 6.2 control 0.0128 0.8771 54.2
Nonane Phytane
compost 0.1623 0.9946 4.3 compost 0.0159 0.9692 43.6
control 0.0704 0.9888 9.9 control 0.0148 0.8960 46.8
Decane Nonadecane
compost 0.0814 0.9542 8.5 compost 0.0176 0.9059 394
control 0.0475 0.9582 14.6 control 0.0146 0.9348 475
Undecane Eicosane
compost 0.0616 0.9885 113 compost 0.0165 0.8846 42.0
control 0.0231 0.9376 30.0 control 0.0159 0.9513 43.6
Dodecane Heneicosane
compost 0.0508 0.9522 13.6 compost 0.0239 0.9173 29.0
. control 0.0188 0.9177 36.9 control 0.0152 0.9541 456
Tridecane Docosane
compost 0.0405 0.9584 17.1 compost 0.0170 0.8788 40.8
control 0.0158 0.8864 439 control 0.0173 0.9088 40.1
Tetradecane Tricosane
compost 0.0333 0.9654 20.8 compost 0.0172 0.9074 40.3
control 0.0165 0.9432 42.0 control 0.0157 0.9453 442
Pentadecane Tetracosane
compost 0.0271 0.9854 256 compost 0.0156 0.9277 44 4
control 0.0158 0.9380 439 control 0.0148 0.8263 46.8
Hexadecane Pentacosane
compost .0.0318 0.9326 21.8 compost 0.0250 0.9436 277
control 0.0142 0.8750 48.8 control 0.0157 0.8651 4472
Heptadecane Hexacosane
compost 0.0217 0.9153 319 compost 0.0144 0.8521 48.1
. control 0.0141 0.8747 492 control 0.0133 0.8753 52.1
Pristane Heptacosane
compost 0.0187 0.9778 37.1 compost 0.0152 0.8582 45.6
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Fig. 5. Removal reaction rates of petroleum hydrocarbons.
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