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Abstract

This study aims to evaluates the effects of surfactant: Triton X-100, and cow manure compost on the
removal of total petroleum hydrocarbons (TPHs) from contaminated soil with used lubricating oil (ULO). Soils
spiked with about 700 gkg‘1 (7% wiw) of ULO were individually amended with 0.3% w/v, 0.5% w/v and 0.7% w/v of
Triton X-100. One kilograms of soil amended with 0.5% w/v of Triton X-100 was mixed with caw manure compost
in the ratio of 1:0.3 w/w, 1:0.5w/w and 1:0.7w/w soil mixture: caw manure compost. The results showed that the
highest total petroleum hydrocarbons reduction efficiency of 64.65+1.25% was achieved in the 0.5 % w/v oil-
contaminated remediated with of Triton X-100, the highest TPH-removal of 72.50 +1.48% could also be achieved
in the ratio of 1:0.5 w/w oil contamination condition with of cow manure amendments for a 28-day experiment
period. The results indicated that cow manure could significantly enhance TPH-removal (from 64% to 72%). The
findings highlight the prospect of cow manure as a proper nutrient for enhanced remediation of hydrocarbon-

contaminated soils.
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Figure 1 Soil sampling point ; five points were gathered in a contaminated site.
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Figure 2 Soil sampling point; twenty-six points were gathered in an uncontaminated site.
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Table 1 Experimental treatments and acronyms

Experimental treatments Acronyms

Exp.No.1

1.1 Soil 1 kg + Qil 7% w/w + water (Control) CT1

1.2 Soil 1 kg + Qil 7% w/w + Triton X-100 (0.3% w/v) T-TX1

1.3 Soil 1 kg + Oil 7% w/w + Triton X-100 (0.5% w/v) T-TX2

1.4 Soil 1 kg + Qil 7% w/w + Triton X-100 (0.7% w/v) T-TX3
Exp.No.2

2.1 Soil 1 kg + Oil 7% w/w + Triton X-100 (0.5% w/v) (Control) CT2

2.2 Soil 1 kg + Oil 7% w/w + Triton X-100 (0.5% w/v) + cow manure (300 g) T-CM1

2.3 Soil 1 kg + Oil 7% w/w + Triton X-100 (0.5% w/v) + cow manure (500 g) T-CM2

2.4 Soil 1 kg + Oil 7% w/w + Triton X-100 (0.5% w/v) + cow manure (700 g) T-CM3

6. N3N ANBAINNIINIALEIN AR A LAY

AnsATinBuanslssnevtinsdsn lalnsansuewsianum (Total petroleum hydrocarbons: TPHs)
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W = Wuinzestsiulufuuaan1maaee (NFu/AlanFuAuuLi)
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Table 2 The physicochemical properties of soil and cow manure

Parameter Contaminated soil Uncontaminated soil  Synthetic contaminated soil Cow manure
Moisture content (%) 14.06+0.44 0.45+0.02 0.03+0.01 14.06+0.18
Total solid (%) 85.94+0.78 99.55+0.87 99.97+0.56 85.94+0.75
pH 6.48+0.20 6.26+0.15 6.27+0.45 9.26+0.62
TPHs" (mg kg™ of dry weight) 76,420+1,430 N/A 76,630+1,120 N/A
HUB® (logCFU kg™ of dry weight) 4.90+0.23 2.48+0.46 4.95+0.42 5.75+0.67
Total carbon (%) 2.79+0.78 1.06+0.65 2.87+0.03 31.25+2.23
Total nitrogen (%) 0.15+0.04 0.14+0.07 0.15+0.02 1.48+0.37
Soil texture Sandy loam Sandy loam N/A N/A
- sand (%) 57.3940.13 50.9610.24 N/A N/A
- silt (%) 26.04+0.33 16.66+0.52 N/A N/A
- clay (%) 16.57+0.66 12.38+0.47 N/A N/A

“Total petroleum hydrocarbons
(Z)Hydrooarbon utilizing bacteria

N/A = not available

2. NANIANLBNIMIBNA1IAALINFNAS Triton X-100 ln1911117pAuW fuillausadivanay

2.1 nanntaguntasiinnmansisnevtlinsagy lalnsafueuriavan (TPHs)
= =2 a . 6 o a e & o oA
AMNNIFANHIMIAIN N CANVRILTNUATAALIASRA Triton X-100 Tun1stindnauduwideurindunasan
Feldaandinduagi 0.3% wiv, 0.5% wiv uaz 0.7% wiv AMNAAL Weanadeuniliniuatslsznaullingae sy
lalasanfueuisunn (TPHs) Minaeeg luAuluitlaunndiiu wudnludoetnshunsazganimaaas (T-TX1,  T-TX2

P

WAz T-TX3) TuduBufunimaand (Fuh 0) AAwindu 7,5870+190, 7,6130+140 way 7,6240+130 Naaniu/Alaniu
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AU ANAIAL Anuuludun 7, 14, 21 way 28 Juwnliinanasnasnszaziaainimeaad iWanFaumeuiuge
ARLANT INANITANANTAALINFNRG (CT1) waAIAININD 3 (A) elunienauiudlss@ninmnisnidnansilseney
Unsdanlalasanfuauianun (TPHs) Huwdliiniiaay ludaatreiunganismaaas (T-TXT, T-TX2 wag T-TX3)

wanslunanil 3 (B) Tanave91Sunuans TPHs Nnaeatuazilss@sn1mnnsnidanans TPHs wiazqannsmaaass

°  a

ANLANGNSTUaE 9TRAATY (P = 0.01) Tmﬂ‘wudﬂuﬂ;mmi‘wm@mmfﬁaﬁmmmmml,t,mﬁaaq Triton X-100 AN

a 1

Wisidin 0.5% wiv (T-TX2) Huualiinnisanadaesilsnnmans TPHs unga dA1eg#l 26,700£290 Aaaniu/Alaniy

AL harHUsr@nan1nnnsnnamnans TPHs eeay 65.08+0.38 Lﬁ@@?mmmimmm ('B“uﬁ' 28)
2.2 L’J@ﬂ’?TL?JZEV"EIMLLUQJLE‘J\I’7mL%%E)”;J5ui/)‘?‘ﬁ‘lrﬁ,ﬂ'@ﬂﬂ@?ﬂlﬂ?iﬂié‘;ﬂ@ﬂ?ﬂfﬁ?j‘ﬁ’)fll@u (HUB)
”LumﬁLmmxﬁmﬁmmﬁy@fﬁuﬁﬂ'ﬁﬂ@ﬁ@mﬂm?ﬂizn@ﬂa‘[mﬂﬁu@u (HUB) Sqummimm@mﬁI%mmm
WIANRA Triton X-100 diefndaanstsenevtlinndaslalasanfueuriaun (TPHs) TuAuitudlauinumaeiu wudn
lusetsRuusiazganImaaes (T-TX1, T-TX2 uaz T-TX3) lufuGufunimmanes (Tufi 0) SA1uiaiy 5.210.23,
5.77+0.18 L@ 5.50+0.10 logCFU/MlanFuALLAT AMNa1AL Galududl 7, 14, 21 uay 28 fuunHudeuinersfinann
ILHZNANNINARDY WAAIFINING 4 (A) Tﬂﬂﬁﬁ’n'ﬂﬁlﬂﬂgﬂwﬁw 5.24 - 5.55, 5.35 - 5.62 Ua¥ 5.42 - 5.57 logCFU/

v a k4

AlanFuAuuie aua1Ay wansliviud 1 Bunudeqdunisd HUB uiazgan1smaaesliiinonuwansneiuedned

o

HedAty (P=0.01) atelsinulewsauieudugaaquanliiniafinaisanusasa

o

a

N9 (CT1) azuinldqng

wwalHlaiaawludui 7 8Anag# 7.13 £0.08 logCFU/MTanFuAuuia aniuiuuniinAeutiapsiauguganimaans

U
'

(U0 14, 21 uay 28) HALeAnatlutdae 6.40 - 6.64 logCFU/MATANTN AU

3. uAN9ANIERI AUy ATIT TN LA 7AAUINENEY Triton X-100 iWeiin1lseAnsninlunisiiiaaui

1huilausnadisanau

3.1 wannitaguutagiFunmanssenavtlinnasa lalnsarfuewiauun (TPHs)

'
+ o A o

ANNNTANHINIBRTNEIUTBNT 8N ATIN T FINAVA1TAA IR Triton X-100 N se@nsninlunig

q A
o 1

tnauduteunnsdunaedy Inalddnadou fu : {layada ag 1:0.3, 1:0.5 uaz 1:0.7 ANAIAL LHENAREUNN

a U
'

a

rnnanssznevllinsaanlalnsanfueuianun (TPHs) aeetluauduilounnsiu nudnludsetnsmunnganis

NAADY (T-CM1, T-CM2 a2 T-CM3) TuduBufiuni1maaad (Sui 0) FAwinAy 76,780£240, 77,870+£550 LAY
77,440+580 HaanFu/ATansumauuie muansy antiuludud 7, 14, 21 way 28 Tuudlinanadnannssasiiannig
o d‘ dl o o a a o o a al s ua/l
NAADY BAAIAININTD 3 (C) Talunanauiulscdnsninnisnnanasdsynevtlinadsslalansansusuianus (TPHs)
Huualiiniaau Tussetnafunganmaaes (T-CM1, T-CM2 wag T-CM3) uaaalunini 3 (D) Tenauesisunnians
TPHs Muaetuarllss@nsn1nn19n1anans TPHs WaazganIsmaaelaNuans1eiuat19ldadAny (P = 0.01)

Tnanudnluganimaaesnlddnadou fu : Juyada 7 1:0.5 (T-CM2) Huuwaliiunisanasraqsunmans TPHs

9 a
]
IS 1l

NINNgn HAtN 21,870 £300 Haaniu/AlaniuAuwiie wazidsz@nininninadnans TPHs $aaay 72.12 0.38

U

\Haduganmaaas (7un 28)
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P2 '
a el

3.2 uanalasnlasifininugeqaunseitesaaaaisizneylalasaifuey (HUB)

lunnsmseiniBunnnteqdauvsd ndesaatsasdszneulalasariueu (HUB) luganimaaesi iy

q

' o
o 1 o =<

yad9auiuanIanusamaEa (Triton X-100) iatintlse@nsninlunistintnauduileuinduvaeay wudnTudaeeng

AULFAZTAN1INAADY (T-CM1, T-CM2 uaz T-CM3) TuduiEnsunimnaaes (Fu 0) HANWINAY 5.13+0.11, 5.24+0.18

WAz 5.19:0.18 logCFU/MTanFuALWIN Aua1aL G9ludui 7 Juwdlfiuiindunnganimaaes Hanagi 7.29+0.21,

U

8.30£0.13 UA¥ 7.26+0.28 logCFU/MTanFuAuLIN Aua1ay aniuduusliindeuinipsiauduganimasas (Juin

14, 21 uaz 28) HA@anat lutdag 7.46 — 7.66, 8.39 — 8.56 WAz 7.43 — 7.59 logCFU/MTANTNAWUIAY AINAIAL uAna

AININT 4 (B) wansWifiudniBunasdeqduvised HUB usiazganismaaesdinnuuansaiuetafltdnAty (P = 0.01)

] v '
a o

Heaziiulfdsetvhuluganaaesianadou fu : Juyada agi 1:0.5 (T-CM2) Huualiinnauniniign waziile

= o t:ll 1= a + o = ¥ 1 ¥ Adl a ‘ﬂl 1
Whauifieuiugaasuann kifinnamnilayada (CT2) azfiuwliindeuiwainaenszazinainimenes Hanadeet)
Tutng 5.26 — 5.44 logCFU/MTanFuAMLIS
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Figure 3 Changes in TPH concentration during the bioremediation period in (A) TPH concentration of
Exp.No.1 (B) ; Removal TPHs of Exp.No.1 (C) TPH concentration of Exp.No.2 and (D) Removal
TPHSs of Exp.No.2. (Error bars, SD = 3)

1154



MIATINAARTYING T 28 (RUUT 2) WOHNIAN — BIMIAN W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.2) May — August 2023 UNANAAE
12 12
(A) (B)
10 cTi T mT-Tx2 BT-TX3 10 menz T-CM1 @T-cm2 [ T-cM3

|
|

7] 7

oy

LR

/

oy

AR

Counts of HUB (log CFU kg™')
Counts of HUB (log CFU kg-1)

5
7
/
o
7
7
#d
o

Sk

B R iR

B PR ]

e

B RN
LIRS

RRRRRRRRRRARAR
T
AR

0 7 14 21 28
[} 7 14 21 28

Time (day) Time (day)
Figure 4 Effect of soil contaminated with hydrocarbons on hydrocarbon utilizing bacteria (HUB) count in

(A) HUB counts in Exp.No.1 and (B) HUB counts in Exp.No.2. (Error bars, SD = 3)
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