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Several physical and chemical methods have been used for remediation contaminated by oils.
However the cost was very high and secondary pollution rose during treating.

The purpose of this study was to comprision TPH (total petroleum hydrocarbon) removal from
artificially contaminated soil by diesel with and without seeding anaerobic digested sludge. After 120
days of overall at 35°C, removal efficiency of TPH with seeding sludge was 2-3 times higher than
blank. Also, the more amount seeding sludge, TPH removal efficiency and CHs content more
obtained. It was sad that seeding of anaerobic digested sludge was a good method for enhancing TPH
removal efficiency without increasing operating cost. Sulfate, nitrate-reducing, methanogenic condition
were evaluated for alkane, isoprenoid as target contaminated soil.

Key word: Anaerobic bioremediation, Biodegradation, methanogenisis, nitrate-reducing, sulfate-reducing

condition, soil, Total Petroleum Hydrocarbon

Abedo] W gelmet 579 AMg-eFo] A& Frlstd o, fRF b AAske IANA Y
ok R A A4 FAE dFENY. 274 Addete 7AR oAEY '3
RN Fo 38} 7]<o]chAlexander, 1980; Baker and Balkwii, 1990). 121}, 3714 &3
714 '3 g AElsled fr143A N viE] BU47)7ke] Aoy AHApLA R Akt kst
Lol &b vk stng Aul wol £k adEE Eok 9 XFg Bl AAAQ se
stodck Bn)go A7s He FHIele 14 2 FAL 26 HAE Rzt AT
7} o] Foiziond 1 o2 WAl EFq, ofguwlal, zAlR(e]d} BTEX)Sel 249X A3t+E anoxic
batch | A& g2 Rald 9S8 Z9ste] (Kuhn er al, 1988; Major et al, 1988), &gt Hutchins et
al(1991a,b)= 4= BTEXE 29% 7S anoxic Are)dlol|Ae] EE Xoiqdnt 18] 1 sulfate-,
nitrate-, iron reducing AAERdlolAE AFA wIrio EaEE BudlicHCoates et al,1996,1997;
Lovely er al,1989; Lovely and Lonergan 1990; Sretter et al, 1993). ¥ <AorE tjAE ALE-3le
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ol9jA 2.2 10000 mgTPH/kg soild) FEE 293A7 EokE o] &9 Batch testE 25:2TolA 120¢
b Festgion], TPHY Yaj&s} Biogse] LAHS A8t} steajzlde] #7148 <=AE o
g FFed B 5 rheAe #l 2 sulfate, nitrate 5 AL 8- AHrpel wE fA
el && Hr1etdch 28] isoprenoid 2 n-alkane o} F-3l&& Hrlshich

21. EY9 E4

Aol ARE-R Boke FAMNEE St A A etdct BEERL] F71E8& AATF 30cme] ZHo]
oA Eof MEE Ao 2 mmAR HF Lo EF A LEE 0.05 mm~2.0 mml AP ES]
o} ool §rlEdteRe 2.1-2.38 %, pHE @FAHA(6.5~7), AU E 222 glee, BHEI|EEE 1.2
glee, 388 47.0~50.2%0]t}.

22. A% &oX|9 §Y

el 23y Eofo] RS S8 AFe LX) ¥4 o s Ay ¥l askze]
Ze)A] S Atk LAY B4 Az TSS 7300mg/L, VSS 2200mg/L, NO;-N 33mg/L,
NO;-N 24mg/L, SO, 65mg/L, COD¢, 180mg/L%it}.

olgale] AL BTt ceiAF 0, 15, 30 mE TS AL
7FsA S #alslgich EF_"} 3714 £2]A|W<9 sulfate-, nitrate-reducing bacteria, methanogenic bacteria
o] fd FHsEE Hreh] %6}04 35£2C el 47§47} Table 13} 2 27 a3yt 28

Table 1. Operating condition

Autoclave sludge Na,CO; Na,S0, NaNO;
Treatment 1 - - -
Treatment 2 + + - - -
Treatment 3 - + - + -
Treatment 4 - + +
Treatment 5 + - +
Treatment 6 - + + + +

AZe] B 159 FHHez Rl o viald headspacei--oll FAH 7l2~E AMAZ A H3}
o] GC-T(‘D(Donam Instrument, HP 5890)-2 o]&3}led CO,, CHs NpE BAJEHE| vialg 7)%3le] &
) Sg A # 33 methylene chloride2} Na;SO4E o] £-3}e] £Alel3E3%F GC-FID(HP 5890)
= °] 8-3}o] n-alkane®} isoprenoid®] FX-& =#3}5 HP Chemstation®} MS ExcelZ AAb 3lith
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3. 21 ¥ A

2 A vded Eo R £8AE 0, 15, 30 ml& A7t A7t sd&u TPH Hall& AdE 3
stodck 2 A AALee 27 17.8, 37.2, 58%2 »}E}‘;%_ml, A g2 €212 #H ke 30 mld
w7 F& FEeS vehliddch w3, 2 dFRES UM drlA AR vld g
7b w2k ¥ wEci(Al-Awadhi N, 1996). 18y —311]% A7V #1489 A E A
A @4 1428 TPH A|AEL & Aol vheplA] Asprh Fig. 12 2E ZZollA] TPH A|AE
S vehd Aol Zhzte) Ea8-8 Treatment 1, 17%; Treatment 2, 4%; Treatment 3, 67%; Treatment

4, 43%; Treatment 5, 53%; Treatment 6, 75%% viehgrh
ZAelA TPH +3i&e] 713+

(Boopathy,

2003).
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Fig. 1. Degradation of TPH in various treatment of diesel contaminated sail

Table 2= Z}2t F71o)A1 9] decane, hexadecane?| A|AE&7 R34 2 ehiA
olct, TPH &8-S Treatment 6°] Treatment 3¢ B3] TPH 23l8-0] l"—‘}{l__b} decane-»]— hexadecane
9] E&8&2 Treatment 30| Treatment 6o vla} Hajgo] v FL&g AT 4 gt o] Axt=z
tratment 30] F7d|A] decane, hexadecane 7Z+-& 373 alkameo] Ea7} & dojdg FHeldh4 9)9]
t}. 3} dodecane3} pentadecane?] 73-$-% decane®} hexadecaned} A} &4l d<reldch

=)
Ol
=]
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Table 2. Anaerobic conditions on decane and hexadecane biodegradtion rate constants and half-life

Treatment 1 | Treatment 2 | Treatment 3 Treatment 4 | Treatment 5 | Treatment 6
removal 10.0 29 629 274 429 573
Decane rate(%)
(Cio) k(day") 0.0009 0.0022 0.0083 0.0027 0.0047 0.0071
t 12(day) 789.5 319.8 83.9 260.2 148.6 97.7
removal 17 74 58.0 324 45.1 453
Hexadecane rate(%)
(Cie) k(day") 0.0001 0.0006 0.0072 0.0033 0.0050 0.0050
t 12(day) 4865.8 1075.8 95.8 212.6 138.7 137.7
Table 3-& Z7k2] Z7Z1o|A isoprenoid®] 7], 4F % 2 Fal&xAlse w7 g vepieleldh

Treatment 62 Z7Zol|x] ¥t} Treatment 32 F7d|A] 4] isoprenide] Ha|7} 2 dojd& &

Qshsich.

o] Al M x table. 29} FAMEH

A7E Ao
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Table 3. Anaerobic conditions on isoprenoid biodegradtion rate constants and half-life.

Treatment 1 Treatment2 Treatment 3 | Treatment 4 | Treatment 5 | Treatment 6
initial 691.9 691.9 691.9 691.9 691.9 691.9
pri residual 390.6 463.2 1503 2204 2222 217.7
tane
ey 0.0048 0.0033 0.0127 0.0095 0.0095 0.0096
t 144 .4 210.0 54.6 73.0 73.0 722
initial 451.3 4513 4513 451.3 451.3 4513
residual 298.9 416.1 160.1 233.1 174.6 170.8
Phytane 3
k (day™) 0.0034 0.0007 0.0086 0.0055 0.0079 0.0081
ti 144.4 990.2 80.6 126.0 87.7 85.6
4.7 2
£ AFel= £elA] M7 dALd Bl YA R 7FsAES Bkt o4 2 A o
2l AxEAE Al ed 2ase] $2 AL AV A=At £214] 30 ml AHAHA
TPH F3l&o] 7Pttt 22l £3AE ArBlded tALdeSe 54 7FaAS gdsisddh
= A71s3 3714 71 vladgedA Edgo]l & A7t deS AT et ol ¥

3} sulfate-reducing conditionel|lA] TPH #a&°] Esich dxle vy
g2l Felsle, £ FAEF vAY a7t e A" a9
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