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Study on Bioremediation of Oil Contaminated Soil (Part 4)

— — Result of Large Scale Field Experiment in Kuwait and Proposal for Application of Each
Remediation Technology — —

Hiroyuki Chino  Hirokazu Tsuji
Yoji Isikawa Takashi Matsubara

Abstract

Bioremediation field experiment was carried out for the treatment of another 5500 m?® oil contaminated soil
in Kuwait. Further cost reduction by improving efficiency and verification of large-scale demonstration is required.
Then, the new technology such as composting piles using pile-turner were introduced and investigated. Pile-
turner method is effective same as landfarming method. It is cleared that brackish water could be utilized for
irrigation same as fresh water. VVegetation experiments were carried out using the bioremediated soil, then the
yield of the third crop was more than that of native desert soil. So the soil physical characteristics were tested,
then the bioremediated soil were better improved on the permiability and water holding capacity than that of non-
treated soil and native desert soil. The criteria for the treatment of the contaminated soil in Kuwait based on the
end points of several experimental results were proposed and also the protocol for the actual field treatment
depends on the contamination level and area were proposed.
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Site Layout of the Pile-Turner Field Experiment
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Fig.3 00O0DODOOCOOOOOO00OO
Result of the Fraction Analysis (Lightly Contaminated Soil)
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Degradation of TPH (Lightly Contaminated Soil)
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Fig.5 00000ODOOOOOOOO0O
Mesurement of Dehydrogenase Activity of the Soil
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Effect of the Brackish Water
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Fig.700000O
Effect of Salt Washing
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Amount of Harvest (Third Cultivation of Alfalfa)
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Fig.o0OOooOoOoDOoOOOoOoOoooooooDoo
Amount of Harvest (Third Cultivation of Bermuda Grass)
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Three Phases of the Treated Soil
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Water Permiability of the Treated Soil

50

i

pF

Fig.200000000pF-0D0O0ODO
pF-Moisture Curve of the Treated Soil

Table3 OOODOOOOOOOOOO
End Point of the Each Monitoring Results

0Doooooo noooo 0ooo
TPH O 0.800.9% ) 30000000

pnooo PAH O 05 mgkg-soil 1 °0BHOD ooooo

000 TPH O 0.800.9% 04%0000 30000000
PAH O 0.5 mg/kg-soil 0o oDoooo

gbobobobooboobobobobooooTPHO 1%0O
gboobooooobobobooobz20osboobooooon
gobooooooboboooobooboboooboooo
gbobooooogoo
gbooboooooboboooboooboobobooboooo
gbooooooobobooooboobobooboooo
gobobooooogoo

20gdpoooooooooo

OTable 4000000000000 ODODOOOCOO
gbooooooobobooooboobobooboooo
gobooooooboboooobooboboooboooo
goooooooboboooooboobobouooooo
gbooboooooboboooboooboobobooboooo
gooooooooooooooooooooooo
gobooooooboboooobooboboooboooo
goooooooboboooooboobobouooooo
gboboboooboobooboboboboooooo
gooooooooooooooooooooooo



00o00000000Ne620000000000000D0O0000DO0OOO0O0ODOOOO0

Table4 DOOOOOOO
Comparison of Each Treating Methods

goooobooboooboobooooboboboban
gooooooooobobooooboboboban
goobooboboooooooobdlrlwooooo
gooooooooobooooooobboooobooooo
0000000oooooooooogogggddin-situ
gooooooooobobooooboboboban
goobooboooooooooobobo
gooooooobobooobboobooooobooooo
gooooooooooooooboolbooooo
gbogobooboooon

Ougoo

gooodoooooooooobooboboobobbobooboo
gooooooooobobooooboboboban
goooooooooboobooooboboboboon
gooooooooobooooooobboooobooooo
gooog
(hl)oooooOoUoUoOooUoOooUooUoooooooo
0000ooooo0Uoooooooooooooiagods
x200000000000001000000000
gooobooooTeHOBW O OODODODOODOODO
gooooooooobobooooboboboban
goooooooooboobooooboboboboon
gooooooooobooooooobboooobooooo
gooogn

(o000 0o0oU0UoOoUoUoooUoUooooogo
goboooobboooboooboobobTAUnO
OTAl1S537000000000000DOO0O0ODOO
0g03 0OoO0oooboooooboooooboboooboo
gooooooooobobooooboboboban

oo pgoooooooooboo goo0oooOooOobooOoobD (booboobooboooo goooboooo
oooo oooooo gooooo
ooo oooooooog oooo goooDooooao goo0ooooooooooo
oooo|g gooo0ooooOooo00 (000D00DOo0DO0O000 |(DOoDoOoDooDoooo gooooooooooodg
O oogooo ogoooo oo
oo goooogOOOOOOODO|DODOOODOODOOOODO |[DODOODOODOOODOO gooooooooooodg
oooooooo goooogo good
15000 O000D0TPHO83%O OOO |TPHO 75%0 00 00.87% 00 |0 000O0TPHO74% 0000 |00 0O ODO TPHO 85%0 O
oooo O0000007% 000000 (000085%000048%0 (0.38%0 00 0082%0 000 |000.33%0 0
oo 0.3%0 0 O 43%0 00 00 088%0 00 0 60%0
00 090%0 000600 70%0 O0000TPHO30% O ODOO |ODO
| 1.9%0000060%0 000
30%0 O
oooo|joo 170 20 L/mP0 (50 6mm/0) 407 Lm0 40 8 L/m’O 40 8 Lm0
nn
0o000|5uUmd@smm/O) 1L/m0 1L/m0 1L/m0
0o00o0|6mym-0 1.4 m¥m®-0 1.6 m¥m-0 1.20 1.8 m¥m*0
ooogo pgoooo&OOO0OOOOO0ODO|DO0DOOODOODOOOD |DODOODOODOODO gooooboog
oooo ooooooo ooo oo

gboboooooboobooboobo
(3)UU0U0ooooooooooooooooooog
gboooobobooooboboboooboboon
gobooooo0ooooboooboooooooboboon
gboboooboobooboooboboboobobob
gbooooboboooobobobooboboon
oboboooooooboboboboooooon
(4000000000000 000OC0O000TPHD
1% J00000booooooooooboboooooog
gbooooboboooobobobooboboon
goooboo

uag

0ooooooooooooobobooooooooo
Oooooooooooooooooooooooon
000000oooooooo0ooooooooooog
gooooooooooo(o)yoboooooooooo
00o0ooooooooo(0)oboooooooooo
Oooooooooooooooooooooooon
ooooooooo

good
HOOO0O0O0OO00OO0D0DO0D0O000000O0ONo.520 1996
oo
2)00000000000000000D000O0O, No.54
(1997)
3y000000000D0DD00oooDooooooooo,
No.57 (1998)

4)Chinol Tsujid Matsubarad Al-Awadhild Balbad Al-
DaherO The Fifth International In Situ and On-Site
Bioremediation Symposium O BATTELLE PRESS (1999)



