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(1)

* %

*kKk

2

* %

***
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20% 25%

(underground storage tanks, USTS)

. (1)
(2
[2-8] (natural bioremediation)
(enhanced bioremediation)
( ) (o7l

) (in situ) (electron acceptor)
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(ex-situ) (slurry-phase) (land farming)

(on site) (bioreactor)
(biobarrier or bioreactive wall) (phytoremediation)
1.
2. ( )
3. (pump and treat)
4.
5. (soil vapor extraction, SVE)

[2]
(in situ) (ex
situ) (on site)
(in situ flushing) (in situ reactive wall)
[3,8-11] ( )
(soil washing)
(solidification/stabilization) (excavation)!®81213

[3.4]



bioremediation)

(phytoremediation)
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(air sparging)
(natural

(land farming) 1

[3,8,13,14]

[3, 8,13,14]

(in situ bioremediation)-

(pump and treat)-

(air sparging)-

(bioreactor)-

(biosparging)-

(chemical reactor)-

(in situ flushing)-

(soil washing)-

(in situ reactive walls)-

/
(solidification/stabilization)-

(natural attenuation)-

(excavation)-

(phytoremediation)-

(incineration)-

(electrokinetics)-

(thermal desorption)-

(vitrification)-

(slurry-phase
bioreactor)-

(soil  vapor

extraction)-

(slurry-phase
chemical reactor)-

/ (in situsolidification/
stabilization) -
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31 [3,4,9,15]
[9,15]
(degradation)
(mineralization) (detoxification) (activation)
CO, H,O CI
(dechlorination) (hydrolysis) (cleavage) (oxidation)
(reduction) (dehydrogenation) (substitution) [
( )
1.0 mg/L
2-4%( )
( ) (sulfate)
(nitrate)

[3,9,15]
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(persistent) (PCBs) (PAHS)
(9]
1. (BTEX) (creosote)
2. (VOCs) (TCE) (PCE)
3.
4,
5.
(phase-distribution) (leaching potential)
(hydraulic conductivity, K) 10 cm/sec
[3.9]
3.2

(soil organic content)

(bioavailability)]

pH

(18]

[16,17]
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(
)
5]

3.21 [3.4.19]

(bacteria) (actinomycete)
(fungi) (algae) (protozoa)
(acclimatization lag)
3929 [3,4,9,19]

4 95 %
70 %
C NP 100 10 1 (C/IN

ratio) 35-40

3.2.3 [3.19]



3.2.4

3.2.5

1 [5,18,19]

Theory)

2.pH[4,5,19]

pH
NOj5
pH

[3,4,8]
(Fe3+) (Mn4+)
25-30
10
pH
pH
pH
H* pH
NH,* OH"
pH

pH
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10 ( 10
pH
NH,*
pH
pH
5-9
pH
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3. (redox potential, ORP or Eh)[?4518l
Eh
Eh Eh
Eh +800 mV( ) -400 mV/(
)
Eh (
2 [2.4]
2 [2.4]
O2 COz, Hzo
+300 mV
; NOS- Noz_, N21 COZ! HZO
Mn(_) Mn( ), CO, H:0
Fe( ) Fe( ),CO, H'
So,” H,S, CO,, H,0
-300 mV co, CO,, CH,

3.3
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[3,9,20]
[9]
1.
2.
3.
4,
5. (enhancement)
4.1
41.1 (natural bioremediation)
(natural attenuation, NA)
(biodegradation ) (dispersion ) (dilution)
(adsorption) (volatilization)

(monitored natural attenuation, MNA)
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[21-25]
10°
[27-30]
[9]
(no action)
( )
zero line
Zero line

10" CFU/mL

(mass flux)
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zero line
Zero line
zero line o
4.1.2 (enhanced bioremediation)
pH (9)
1. (in situ bioreactive walls)

- (funnel-and-gate system)

(treatment walls)

(passive treatment walls)

[4]

VOCs SVOCs BTEX

[4,31]
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(in situ bioreactor)

[4,31]

2. (biosparging)
(in situ air sparging) 1985
(VOCs)
(vacuum extraction system)
( )
BTEX (PCE TCE DCE )
(@8] VOCs
(stripping)  (2)
(volatilization) (3)
( )

[4,32]
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(bioventing)

[33]

(bioventing)

3 [9,33]

(phytoremediation)
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[4,8,34,35]

[35]

(1)Rhizofiltration
(2)Phytostabilization

(3)Phytoextration

(4)Phytotransformation

(5)Phytostimulation (plant-assisted bioremediaiton)

[35]
(1) (lignification)
(2) ( )
(3)
(4)
19l
5. - (alternate electron acceptors- anaerobic

bioremediation)
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(pore spaces)

(9]

4.2
42.1 (slurry-phase biodegradation)

( )

(2,500 ~ 250,000 mg/kg)
(1) (2)

(creosote) (PCP) (PCBs)
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( ) [19]
(waste preparation)

pH

0.025-25 % (w/w) 10-40 % (w/w) 60-90 % (w/w) 1/4
15-35 pH 4.5-8.8
(mixing tank)
(bioreactor)

(batch)

(dispersants)

[36]

4.2.2 (land farming)

(land treatment) (land application)

pH
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(VOCs) VOCs
[33]
4.3
1982 1999
71%
86% @
(1) (containment) (2) (restoration)
(
)
( )

[3.4]

[17]

(RBC) (fluidized bed reactors)
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(BOD TOC)

(4

1999 21
(1)
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