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Abstract 30 and 50 Mg/ha had the fastest TPH degradation rate in the
second-order model. Change of microbial population in soil
BACKGROUND: Petroleum-contaminated soil from with compost application was similar to that of TPH.

leaking above- and underground storage tanks and spillage Microbial population in the soil increased as application
during transport of petroleum products is widespread rate of compost increased. Increasing microbial population
environmental problem in recent years. Application of in the contaminated soil corresponded to decreased in TPH
compost may be the most promising, cost-effective, and concentration.

eco-friendly technology for soil bioremediation because of CONCLUSION: Conclusively, compost application for
its advantages over physical and chemical technology. The soil bioremediation could be an effective response to
objective of this study was to evaluate effect of compost petroleum hydrocarbon-contaminated soil. The increase in
application on degradation of total petroleum hydrocarbon microbial population with compost suggested that compost
(TPH) in petroleum hydrocarbon-contaminated soil. application at an optimum rate might enhance degradation

METHOD AND RESULTS: An arable soil was artificially of TPH in soil.

contaminated by diesel, and compost was applied at the

different rate of 0, 10, 30, and 50 Mg/ha. Concentration of Key words: Bioremediation, Compost, Soil contamination,
TPH in the soil decreased as application rate of compost Total petroleum hydrocarbon

increased. Degradation efficiency was highest at compost
30 Mg/ha; however, it slightly decreased with compost 50
Mg/ha. Kinetic modeling was performed to estimate the
rates of chemical reaction. The correlation coefficient (R2)
values for the linear plots using the second-order model
were higher than those using the first-oder model. Compost
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Table 1. Selected chemical properties of the studied soil

pH OM? T-NY Av. P,OsX Exchangeable cations (cmolc/kg)
(1:5, H0) (8/kg) (8/kg) (mg/kg) K Ca Mg
6.7 17.6 1.05 142 042 5.76 1.25

ZOM: organic matter; YT-N: total nitrogen; XAv. P,Os: Available P,Os.

71w WA, FRAAA, feElEetEd A, sk
Fod R 2w AAAY Y] A AR E Sl 9l
I SAME FFent 9 5 AR w2,
A%, BAPEA, o)Fatel] oJdt fRrEe]l EHYEA

of ZHFste] WA 937t B A A ARSEAl R
HFHATHKME, 2011). olefdt frREdeas A7 3
“do] &= HAl(Benzene), E5<l(Toluene), =141 &l(Xylene),
o&ulAl(Ethylbenzene) 52 &3dC® +el= BTEXsS}
S, A AES, BA CR T 2 A 'Ekea gt
+=(TPH, Total Petroleum Hydrocarbon)® Yz = 9l
O}, dRbA o 2= AR 'l sRheel o Ao
ol = EoF 219 F/HE AA s 9lo], ARed E
a1l sl AEAQl #e7F st Lee, 2009).
Aol Y= SAESLAUSA AL |9 9 B
FAZAPAY HuMolA Fia, SFdAF 2 A T
266 74 ESF TPH 2.957%°] 1,356 °ll4] 55,117 mg/kg
o% EedteVIEs A 2HRI8eS Hasly,
BEAATANN e eHAG 0w AFH 2,470 3 F HY]
= AR s 27 5 AY 410 3 ws A A
343 304 #3286 mg/kg®) TPH @ AANlS 1 ash
STHKME, 2011, 2012).

TR ESS Bk 7eEe £9-38, A&
ZEE tm g vk =8 - 38t 719 A9 vlgo] Wl
g skar 22441 edEAs A ¢ gler E
oFSIAIA AEEAC] 7HEeZA ] Agks Al g 4 9]
TAZE @A & 4= QltiPadmavathiamma and Li, 2007).
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e olgste] eHEHS T FuE Eafste] AAs=
wHo g AEu]go] AA 1 Aol 23441 2.4
A WA A7 A g WA 288 4 9lE Aol
S)tiRiser-Roberts, 1998).

A= 7)1 AAF7EP (Bioaugmentation) 7+ A
=A== (biostimulation) 2% Y= 4 3thCollin, 2001).
AAFHPHE e T2 TR theFst A|Qle]
gl RHES WAl o ol vdES R E
Aol Agal7]E WRlolw(Collin, 2001), A=A
nAEe] oRtol He 7] 2 F1FHS] HY), vs, As
T oke Feo AAg) QAR FRE 09 B 39
sto] HA Q] BhA: A QUAE R Hlof| Y A]A E&]AY
=9 75 wEA TA EdE dslele ol
(Riser-Roberts, 1998; Sarkar ef al, 2005). ©]&{3t v &
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el #d SAAEA de] BaEal Qe Ele $4
A Bkl =ul, 3ok, AEstA SA4e MAA A=
W TUE flsh B o® ARgEh EnlE vkl AAa
QI SO mEe] Tl HBed Fies teR o
Fotal Q1o Alg 5 B¢k uf mAE AR 24 S 54
2y S7iek B vAdE wxe wsks xdd 4 Qg
(Kallenbach and Grandy, 2011; Aranda et al, 2015;
Caracciolo ef al, 2015). gh £ A= f-7= 24
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Table 2. Chemical properties of compost used for the
study

Item Compost

pH (soil:HO, 1:5) 6.2

EC (ds m", soil:H,O 1:5) 4.1

Total content (g/kg)

C 391

N 21.5

P 23.8

K 36.8

Ca 18.5

Mg 5.5
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Fig. 1. Changes of TPH concentration in soils amended

with different rates of compost for 5 months.
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Table 3. Initial and final TPH concentrations and degradation efficiency of TPH with different rates of compost

application
Compost TPH concentration (mg/kg) Degradation efficiency
--- Mg/ha --- --- Initial --- --- Fnal - Yo -----
0 4264+175 2252+134 47+0.6
10 4374+103 1860+ 83 57+0.2
30 4170+139 980+ 78 76+0.3
50 4195+157 1120+ 18 73+0.4
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Table 4. Correlation coefficients for first- and second-order linear models

Compost Correlation coefficient (R?)
Mg/ha First-order Second-order
0 0.9351 0.9340
10 0.8591 0.9088
30 0.9004 0.9362
50 0.9486 0.9457

3}, €n] Ae#S 30 Mg/ha7b4 S71X7)el W} TPH +
&2 S7FIH(Table 3). fAKE A¥FE Liu et al
(2010 EH]E 90 Mg/ha A2|atols we] TPHE
alEo] FAe] ®Wk 3wl o Eokvkal Buelty e
EH]E 50 Mg/haZ A9 o TPH all&s
Mg/ha® A2latols w B thi Zashs AdE Ul
o} EH] 30 Mg/ha Asls @ TPHS| g 980
mg/kg® 76%2] wellES Ueh3lom HH] 50 Mg/ha
A2)3t3lS Wl TPH| ¥4 1,120 mg/kg® 73%2] -3l
& UEplh olelst AdE v & uf, 3=g Hulo
E9le 23] TPHY ®al&S tha %ﬂb Ao ghe
tl Chaineau et al (2005)% f7+= L3¥ ES 53t
7] 918l F=sH HRE Fehd B W ©Ade] 713t
£ oplel @3] HdeHs Ask Atk Bal &Rl &
& Fu|E AlehA] o A A TPH 332 2,252
mg/kg?l 47%% 7P W2 EallEs HAFIARE o]y g
Prﬂ‘ﬂ g] TPH fslak 71—AL: 1;\]50& LH Ei_}u]/\g%_t;o
TPH ¥3f 7}sde B3tk

TPH HsiaE

Salra el wellEs Yok flal iy e
of W ©3lra S1EE FERsE 1449} 23} kinetics
dlof] 2835139t} First-order kinetic 222 In[TPH] <} Al
3713k #AIE straight line®.%, second-order kinetic
R 1/[TPH]SH AI7Ie] #AIE linear® UEh o]
(Snoeyink & Jenkins, 1980) 7 kinetic =92 AXAS
(R*)Z H]1 3F1th Second order kinetic 5912 A4 A4
%ol first- order kinetic =22 AYAF gk Bt =

H|S28F tH(Table 4). WEbA - A5+ A= second-order
kinetic ®2l0]| first-order kinetic 22Xt} ] 2 &84S
ok &= Q9itk o]9} FU3s Saker et al (2005)> TPHZ
2% Eofo] 24 thE w59 biosolid ¥ BIEE A3t
A= w oAl R Al o K AHelTtelA first-
order kinetic 2@ XU} second-order kinetic F2¢j ¢
& AgEloka ®askgith

wZbA Second-order kinetic @A reaction rate
constant #t= AAFEE A¥K(Table 5), P& 30 Mg/ha?
50 Mg/ ha #2|at3lE W9 reaction rate constant %k
2.0x10*% 7F¢ %90 10 Mg/ha A2)at0S wo) gt
8.0x10°0|¢ltk. &3t EH] 0 Mg/ha AHsiie w9

Table 5. Second-order reaction rate constants for TPH
degradation in soils amended with different rates of
compost

Compost Reaction rate constant
- Mg/ha day
0 5.E-05
10 8.E-05
30 2.E-04
50 2.E-04
LE+11
. LE10
@ LE+09 4
g LE08
'5 LE+07
Z  LE6 -
[
& LES -
E 16404 | —s— Compost 0 Mg/ha
o LEe3 —m— Compost 10 Mg/ha
§ ’ —a— Compost 30 Mg/ha
LE02 1 —o— Compost 50 Mg/ha
LE+01 ]
LE+00 : T T T T

o 1 2 3 4 5 6
MONTH

Fig. 2. Changes of total viable microbial population in
soils amended with different rates of compost for 5
months.

reaction rate constant gt 5.0x10°%2 7Fd wigkt). )
£ 30 Mg/ha ©% A2|5}32 Wl reaction rate constant
W EHlE A ehA] dgks wl B} 71 glo] 4vl Y% =3k
= ¢ T A%k
O014E =+ H3}
A& 7)7F S9F TPHE 9.9 EoF U] n|yEe] £2
’\FS} A3}, gu) ] Al S/ we B Wl vidE
o] = Tk &S UERItHFig. 2). B W m8ES]
T AR Aol wet Tk ZAPIRE $700] tha
%LiO]*C A8 VERTE E0] AlE 3 o] EAe] v e
T A" AR A gl wle] 47 3x10°% (0
Mg/ha), 2x10°% (10 Mg/ha), 2x10*% (30 Mg/ha, 50
Mg/ha) 7H S7Fsloieh ©]¢l BlsssiA|l Sarkar et al
(2005) ¥ Liu ef al (2011)9] Hile] =9 fH= 2%

¢« T
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Eok] biosolid ¥ EH|Z A7 39S AL AR 7
w48l S7FTE AaETaL 910w, Ting et al
(1999) #} Vasudevan and Rajaram (2001)<> #H3H= v
e T7hs B R gl WAs ¥ vkl w
sk AIF7IRE B9t B o] Akl e B ol v
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