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In-gtu Soil Treatment For Anaer obic Bioremediation of VOCsContamination
- Remediation Efficiency Evaluation of ''Chloroclean' by Laboratory Test -

Mizuyo Yotsumoto  Hiroki Ogata
Hiroshi Kubo Akira Shimmura

Abstract

This paper describes afundamental evaluation of “Chloroclean”, which isinjected into the ground to stimulate
microorganismsfor in-situ treatment using anaerobic bioremediation of volatile organic compounds. Chloroclean
isakind of food additive, so it very safe. Its water solubility is high and the solution is a colorless, transparent
liquid, which, because of itslow viscosity, rapidly permeates the ground. When Chloroclean is added to the soil,
it rapidly degrades, adopting an anaerobic condition that provides hydrogen, which facilitatesmicrobial degradation
of volatile organic compounds. The enhancement of chlorinated hydrocarbon biodegradation by Chloroclean was
tested using contaminated samples. The volatile organic compounds were dechlorinated compl etely within two or
three months. Dehal ococcoides species were then detected in the sampl e, thus confirming that the dechlorination
bacteria could be increased by addition of Chloroclean. Dechlorination of PCE and TCE was achieved in the
process of denitrification, manganese reduction and iron reduction, and dechlorination of cisDCE was achieved in

the process of sulfate reduction.
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Model of In-situ Treatment Using Anaerobic
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A B C
0 PCED O 0 TCED ¢fs-1,2-DCED |0 TCED O O ¢is-1,2-DCE0 0 0 0 |0 TCED O O ¢fs-1,2-DCED 0 0 O
0ooo 0oooooo 0ooo 0000O00TCEDDOODOO0O
0oo 0 (6L-80 DO 0oo O (GL-4m) 0oo O (GL-8.5m)
poooooog poooooo poooooo
VOCs PCE 0.548 9.780 0 0.005 <0.013 0 0.005 <0.005
(ooooooo TCE mg/1 0.528 0.200 2.778 <0.013 0.214 <0.005
ooo) cis-1,2-DCE 3.167 1.330 0.469 <0.013 12.281 <0.005
OH - 6.65 7.12 6.28 6.87 6.45 6.46
EC ds/m 0.60 0.03 0.19 0.03 0.34 0.03
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oooo mg/1 2.56 - 8.7 - 7.7 -
oooog mg/1 <0.25 - 3.58 - <0.25 -
oot 0oooo mg/1 36.8 - 6.33 - 7.49 -
ooooo mg/1 54.7 - 88.8 - 22.5 -
0oooo mg/1 5.47 0.66% 2.01 0.27% 2.86 1.00%
oo mg/1 360 - - 30 -
0oooo mg/1 2.5 - - 0.3 -
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Dehalogenation of Chlorinated Hydrocarbon by Addition
of Chloroclean

gbooboboAdOBbOOCODODODODOLOO
goobooboobobobooboobooobooooogog
gboboobobooboboobooboboobooooobog
gboboobobooboboobooboboobooooobog
gogvoecooooooobon

gboboboboosoocoboooooobooboooon
gboboobobooboboobooboboobooooobog
goooooobboooooogvocoooobooboooo



gooO0ooOoOooOoONe.69VOCsODOODODOODOOODOOODOOOOOODOD

Table 30 00O 0O O Dehalococcoides0 D DO O OO OO0
Qualitative Detection of Dehalococcoides spp.-

0 O 0
oooo
od OooeonDd oo goeonDd oo gooon O
Dehalococcoides o o « o N o
oooooao
gooooo
0ooooo oooo OAG D000
oo oo 0 J/H, M
256 500 ® 250 4 0.01
156 400 — 7
56 300 200
4 0.1
-44 200 (— ; T
144 100 ® l oo 150
s o LOoOOD : . . | e
I oooooo
-344  -100 . 100
[ oo ] ]
lalulufulufafafals] L ]
-444 =200 = [T pppooooowo o o 1
1 10
¢ Coooooooooo L 2 P
-544 -300 H 0000000AG * 50
0oooooo * °
-644 —ao0 | *® 0000 ¢ M
w00 I O R L] N
0, NO3 Mn Fe S04 Co, PCE TCE DCE VC
(@oooo)
| 0oooo | | oooooo

Fig. 600 0000000000000
Oxidation of Organic Matter and Redox Processes of Various Electron Acceptors

oooo
gdooodoboOooooobooovoechboonooao
goobooboooboobooooboobouooo
goozozoooovocoooooooooooooo
0000000000000 Dehalococcoidest 00O O
gdoooobOOoOooooobOoooooveconbOoo
gooooooooad

43.20voC0 0000000 ooooooon
g)oooooooovoecoooopoooooooad
dooodobOOoooooobOooooooovocod
gdooOdobOoobooOoobOooooooovocod
goooooooobooobooooooboooooaon
goooovocoooooooooooooooooo
gooboobooboobooooboboobooo
gooboobooboobooooboboobooo
goooooooobooobooooooboooooaon
JdoDodooDoooooooDoAGOODDODOODOOO
gooboobooboobooooboboobooo
-goobo0ooboobooboboobouoobuooboa
-000o00oboob0 -0bob00o -oobooooa
ooao
gvocooODhOoOooOOoOopooOOoOoboobobooobooao
00000000 OowO®»dVvegelO»O0O0OOOOOO
0000000000000 0O0FIg. 60000000
goopceEOOTCEOUOOODOOODOOOOOODONO
gdoooobooooopCceD0bDOoOonoboOoOonooan

gbooboooboobooobobobobooobobon
gbobooooooboobgobaonbo
0@QoooooogovecooooooooooDboo
gboobooooobobOoboboboooooAdDBO
goooOoOoOoOoOoOoOoOoOoOoOOFig. 700Fig. 8
oooboOooAOBOOODOOOODVOCODOODOO
gboobooobooRPOOOOODODODOODOOO
oo

OFig. 70000000AC0O0OCOORPOOOOOOOO
oooooooosomvD 70000 DO -2500 O -300mvEO O
goooooooooooboobooboboboboobobon
OO000O0OO0O00ooOoOoOoosomg/Zl0000O0OO700
OO17.8mg/10 0001000000000 O0O0O0OO
ooooogoopcEOOTCEO O OOOODOOOODOO
gboobooooobobobobobooosoubooobo
ooOoOoOOoOO0O0eis-1,2-DCEOO0O0O0O0O0O06000O
OO0cis-1,2-DCEO 00 O0OOOOOOOOOOOOOO
go

OO0000OBOFig. 8OOODOORPOOODOCOOODDODO
oboob001e4mvO D 0OD00ODO14000-156mv0O 300 0
O-2500v000000000AO0O0OOOOORPDDOO
gboooooogooan

0000000000 O0DO4.5mg/Z/l0D000O00ODO14
gbobooobooboooobooboboooboboon
O TCeED 000000 DOcis-1,2-DCEO0OOOOOOOO
oo0bD1400000000000D0O0TCEOODOO



gooO0ooOoOooOoONe.69VOCsODOODODOODOOODOOODOOOOOODOD

O0o00oo0oo0ooos30000l.4mg/Zl0DOOOODOOGB0O
O00o0o0o0o0oooOoOgddeis-1,2-pcE0OOOOO
gbooooooboobobooboooboobobooboooo
ouooooboobooooo
O0O0O0OOOPCEODOTCED cisDCED DO ODOOOOODO
OO00OO0oO0O0O0OQersbCEOVCOOOOOOOOOOOOQ
000000O000O0OO0Ogdrig. 60O0O0OoOoooooog
oo
goboboobvocobooooboboboboobooog
gbooooooboobobooboooboobobooboooo
PCEDTCEODCEOVCO DO OOODODOODOOOOOD
goooooboobobooooboobobooooo
gooooooooooooooooooooooon
gbooooooboobobooboooboobobooboooo
gbooooooboobobooboooboobobooboooo
goboboboooooooboobobobooooo

gs5.0000

gvocoOooooooooooooooooooooa

Ogoooooooooooooooooooooooo

gooooddddddoooooog

1) 00000000o0oooDooooog ocooao
dooobooooooooboooboooooboooao
dooobooooooooboooboooooboooao
dooboooooobobobobooooboboo
gopooooovochoooooobooooono
good

2)0ooooooogvocOooooonoooooo20
jdddddddoooooooooooooooo
OO0 0ovocd OO OO d Dehalococcoides 00 0O O
dooboooooobobobobooooboboo
dooooooooo

3ND0000000000000000OPCEOOTCED
cisDCE0 000000000 DO0DO0DOooooog
O0O00O0OcisbCEOVCOOODOOOODOODOOOO
ddddddddddodooooUoUooooooaoa
aad

gogo

1)Vogel,T.M.et.al.:biotransformation of
tetrachloroethylene to trichloroethylene,

O000Omg/00

0.01 ¥

0.

100 200

—&—PCE —@—TCE
—#&—cCis-1,2-DCE —%—VC

10 1 100

.

o

o
ORP(MV)

0.1 Bt
E 1 -200

g2 -300

001

-400
0 10 20 30 40 5 60 70 80 90
Dooo(o)
Fig. 7000 00000A0OD0DOOOOO
Result of the Treatability Test(Sample A)

200

—@—TCE —#A—cis-1,2-DCE
—*%—\VC —a—0ogno
oood == 000 1 100
X
10
- \
3 \ ~
2 . 1 -100 £
O =
a - \ S
o R \\ T 200
VA 3
K S S -300
0.001 -400

0 10 20 30 40 50

oooo()

Fig. 800 0000O0O0oBOOOOOOOO
Result of the Treatability Test(Sample B)

60 70 80 90

O dichloroethylene,vinyl chloride,and carbon dioxide
undea methanogenic conditions, Appl. Environ.
Microbiol.,49,pp.1080-1083,1985

2)00000000000pp-180 19930

3)Lu X-X,Tao S et.al.:Characteristic Hydrogen
Cocentrations for Various Redox processes in batch
Study,J.Environ.Sci .Health.,36,ppl725-1734,2001

4)Vogel ,T.M.et.al.:Transformation of Halogenated
Aliphatic Compounds, Environ.Sci.Tech.,21,pp.722-
736,1987



	概要
	1.はじめに
	2.クロロクリン
	3.クロロクリンの水素供給メカニズム試験
	4.クロロクリンのVOC分解浄化試験
	5.まとめ



