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PURIFICATION OF CR(VI)-CONTAMINATED SOIL BY FERMENTATION OF
ORGANIC MATTER
Kiyoshi OMINE1, Noriyuki YASUFUKU2 and Kazuya TAMURA3

ABSTRACT: This paper describes a purification method of Cr(VI)-contaminated soil with low environmental load
using fermentation of organic matter. There are several remediation technologies and these are usually high cost. A
remediation method by using aerobic or anaerobic fermentation is applied. The effect of composting with aerobic or
anaerobic fermentation was discussed based on the test results. It is concluded that the anaerobic fermentation with
organic matter, effective microorganisms resources, and leaf mold is very effective for remedying the contaminated soil
with hexavalent chromium.
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INTRODUCTION
Recently, many contaminated soils containing heavy
metals have been detected in Japan, because the
pollution investigation on vacant sites of factories and
groundwater investigation are promoted based on the
Soil Contamination Countermeasures Law. It is said
from the investigation of the soil environmental center
that 320,000 places of contaminated sites are needed to
purify in our country. A brownfield place remaining
untouched due to high cost of soil remediation becomes
social problem. It is therefore that a low cost purification
technique with low environmental load is required.
In this study, a fundamental study on purification
effect of contaminated soil with hexavalent chromium is
performed based on the test results. From a viewpoint of
composting of organic matter, the aerobic and anaerobic
fermentation are used for purification of the
contaminated soil (Omine et al. 2009).
.

amount of organic matter. On the other hand, the
anaerobic fermentation is also used for the disposal of
general household garbage, because it is easy to treat and
not susceptible to corrosion for reducing a moisture. The
organic matter with the anaerobic fermentation becomes
an acid in pH and after that it have to do the aerobic
fermentation or lie in a soil about a few weeks for
making perfect compost.
Photo 1 shows a micrograph of the organic matter on
agar after the aerobic and anaerobic fermentations.

AEROBIC AND ANAEROBIC FERMENTATIONS
A lot of autonomous communities are recommended
to reduce amount of garbage by composting which is a
fermentation based on a metabolism of microorganisms.
There are two kinds of fermentations under aerobic and
anaerobic conditions. Composting of livestock excreta
by dairy farmer is usually made in the anaerobic
condition because of efficient production for a large
1

Photo 1 Microscopical observation of microorganisms
cultivated on agar after the aerobic and anaerobic
fermentations
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It was observed that several microorganisms are
generated on the organic matter. It is considered that a
filamentous bacterium appears in the early stage of
composting under the aerobic condition.

PURIFICATION
SOILS

OF

CR(VI)-CONTAMINATED

Mechanism of Purification of Hexavalent Chromium

The standard solution with concentration of 50 mg/L is
used and the hexavalent chromium of 5 g in weigh is
added into the granite decomposed soil of 500 g.
Before investigating an effect of fermentation, a
preliminary test using bamboo vinegar was performed.
Because it is reported that leaching of hexavalent
chromium from a chrome slag ruin was restrained
largely by disseminating wood vinegar or bran vinegar.
A soil sample mixed with bamboo vinegar offered
commercially was used. The bamboo vinegar diluted in
10 times by distilled water was mixed. It is considered
that the bamboo vinegar is a similar property to wood
vinegar or bran vinegar.
Test conditions of samples with aerobic and
anaerobic fermentations are listed in Tables 1 and 2.
Mowed weed is used as an organic matter. Case 1 is the
artificial contaminated soil without treatment and Case 2
is a soil sample mixed with leaf mold only into the
contaminated soil. Case 3 is a soil sample with the
aerobic fermentation carried out by mixing the mowed
weed and rice bran into the contaminated soil. Case 4 is
a soil sample with the anaerobic fermentation carried out
by mixing the mowed weed and EM (effective
microorganisms) resources offered commercially into
the contaminated soil in a sealed plastic bag during a
week. After that, this sample was fermented by opening
the plastic bag in the aerobic condition. Photo 2 shows
the state of each sample before blending. Photos 3 and 4
show the conditions of the soil samples with mowed
weed before and after the aerobic fermentation,
respectively.
After the fermentation, a sample of 50 g was taken

Valence of chromium enables to change trivalent or
hexavalent. Stainless steel is an alloy with iron and
chromium, and it is a stable and resistant to corrosion. A
film of chromium is used in a lot of plated ware of
domestic articles. There exists generally a conformation
of trivalent chromium or chromium without valence
widely in a soil on the earth. The trivalent chromium is a
stable and harmlessness whereas the hexavalent
chromium has a strong toxicity. In general, hexavalent
chromium is generated artificially by burning trivalent
chrome for high heat. Hexavalent chromium dissolves in
water as unstable material and oxidizes an organic matter
in an acid condition, and then it resolves itself into
trivalent chromium. It is said that a humus material
affects an oxidation-reduction of chromium (Nakayasu et
al. 1999).
It is also reported that concentration of hexavalent
chromium in a chrome slag ruin was restrained largely
by disseminating wood vinegar or bran vinegar
(Watanabe 2008). It is therefore considered that
harmlessness of hexavalent chromium may be possible
by reduction action of
various organic matters. As
Table 1 Composition of samples
one of the methods,
anaerobic fermentation used
Leaf
Mowed
in compost of organic
Soil
mold
weed
Sample
matters is applied in this
（g）
（g）
（g）
study.
The
anaerobic
Case 1
500
fermentation is usually
promoted by mixing organic
Case 2
500
50
matters, leaf mold and
microorganisms
resource
Case 3
500
50
50
and
it
changes
acid
condition. It is expected that
Case 4
500
50
50
the anaerobic fermentation
has an effect on the
reduction of hexavalent
Table 2 Test conditions
chromium for the contaminated soil.
samples with 500 g
Samples and Test Method
An artificial contaminated soil was prepared
by mixing a hexavalent chromium standard
solution (K2Cr2O7) into granite decomposed soil.

Hexavalent
chromium
Weight (mg)
Content (mg/kg)

Rice
bran
（g）

EM
resources
（g）

-

-

-

-

25

-

-

5

Remarks
Contaminated
soil
Mixing only leaf
mold
Aerobic
fermentation
Anaerobic
fermentation

on content of hexavalent chromium for

C1

C2

C3

0.25
0.5

0.50
1.0

0.75
1.5

Test Results and Discussions

Decomposed
granite soil

Leaf
mold

Mowed
weed

Rice
bran

Photo 2 Each sample used in the tests

Photo 3 Sample before the fermentation (Case 4)

Photo 4 Sample with the anaerobic and aerobic
fermentations after degradation of mowed weed
(Case 4)
from each soil and leaching test was performed
according to Notification No. 46 of the Japan
Environmental Agency. The test fluid was prepared with
a solid-liquid ratio of 1:10 and agitated for 6 h to leach
the contaminants in the specimen. The mass of the
hexavalent chromium released from the soil sample was
measured using portable spectrophotometer (DR2800).

Effect of bamboo vinegar
Bamboo vinegar is a nature product
which is extracted from bamboo and
obtained by cooling off and gathering
smoke from a charcoal kiln of bamboo
charcoal. It includes a lot of tannin which
is a type of polyphenol as well as wood
EM
vinegar or bran vinegar.
resources
Cr(VI) concentration obtained from
the leaching test on the contaminated soil
with or without the bamboo vinegar is
shown in Table 3. Although the value of
Cr(VI) on the contaminated soil without
the bamboo vinegar was 0.110 mg/L, it
decreased to 0.064 mg/L. It is suggested
that the bamboo vinegar has any effect on reduction of
Cr(VI). However, it could not control it in less than 0.05
mg/L of the environmental quality standards for soil
contamination in this condition.
Effect on aerobic and anaerobic fermentations
Table 4 shows the results of leaching and pH tests on
the contaminated soil with aerobic or anaerobic
fermentation for the different content of Cr(VI). In
comparison, the results in the case of the contaminated
soil without treatment or mixed with leaf mold only are
also shown in the table. Although pH in Case 1 and Case
2 is in a range of 7~8, the value in Case 4 decreases
slightly due to the condition of anaerobic fermentation.
Figure 1 shows the concentration of Cr(VI) for each soil
sample under the initial condition of Cr(VI) content of
1.0 mg/kg in which the maximum concentration of
Cr(VI) is 0.10 mg/L. The result using the bamboo
vinegar is also shown in the figure. The concentration of
Cr(VI) in Case 1 without treatment exceeds 0.10 mg/L
and it is considered that the value has a margin of error.
The value decreases in sequence of bamboo vinegar, leaf
mold, aerobic fermentation, and anaerobic fermentation.
The concentration in Case 5 with the anaerobic condition
was not detected in the lower limit of 0.01 mg/L.
The results of leaching test on the samples with
different initial content of Cr(VI) are shown in Fig. 2. As
shown in the figure, in the case of low content of Cr(VI),
the concentration can be controlled less than 0.05 mg/L
by mixing only the leaf mold. Furthermore, large
reduction effect of Cr(VI) is obtained for the aerobic and
anaerobic fermentations. In each Cr(VI) content, the
concentration level of Cr(VI) is in a sequence of control,
leaf mold, aerobic fermentation, and anaerobic
fermentation.
It is therefore said that the anaerobic fermentation
with organic matter, effective microorganisms resources,
and leaf mold is very effective for remedying the

contaminated soil possessing hexavalent chromium. In
the further study, effects of organic content and
fermentation period should be also clarified.

in the leaf mold, an autoclave is applied for the
contaminated soil mixed with the leaf mold. The
autoclave means to sterilize equipment and supplies by
subjecting samples to high pressure steam at 121° C or
Effect of microorganisms
more.
Two samples were prepared, one is the contaminated
Sterilization by autoclave
soil without treatment and another one is the
It is confirmed that the concentration of Cr(VI) can
contaminated soil with the autoclave. After the autoclave,
be reduced somewhat by mixing only the leaf mold. In
the leaching test was performed immediately. It is
order to investigate the effect of microorganisms existing
considered that the microorganism does not exist in this
condition. The result of the leaching test is shown in
Table 5. As shown in the table, a difference of the
Table 3 Concentration of Cr(VI) from the contaminated soil
concentration between the samples with and without
without treatment and with bamboo vinegar
the autoclave does not appear clearly. It is
considered that the humus material in the leaf mold
Hexavalent
Without
Mixing bamboo
may affect on the oxidation-reduction reaction of
chromium
treatment
vinegar
chromium.
Concentration
0.110
0.064
(mg/L)
Measurement of a quantity of microorganisms
Relationship between the reduction
effect of Cr(VI) and a quantity of
Table 4 Concentration of Cr(VI) from the contaminated soil without microorganisms on each sample is
discussed here.
treatment and with bamboo vinegar
It is said that adenosine triphosphate
(ATP) is a multifunctional nucleotide, and
Sample
Case 1
Case 2
Case 3 Case 4
plays an important role in cell biology as a
Concentration
C1
0.084
0.021
0.015
N.D.
coenzyme that is the "molecular unit of
of hexavalent
C2
0.113
0.048
0.031
N.D
currency" of intracellular energy transfer. A
chromium
quantity of microorganisms is estimated by
C3
0.141
0.070
0.066
0.028
（mg/L）
measuring ATP. Kikkoman’s Lumitester CC1
7.67
7.08
7.73
6.94
110 was used for the measurement of ATP.
pH
C2
7.97
7.22
7.18
6.98
This method makes use of luciferase, an
C3
8.04
7.36
7.27
7.06
enzyme derived from fireflies. The values
of ATP are shown in Table 6 and Figure 3.
N.D.: Non-detected (< 0.01 mg/L)
The ATP value was measured on the

0.15

0.1
0.08
0.06
0.04
0.02
0

1
Mixing
2
Contaminated
soil (Case 1) bamboo
vinegar

Anaerobic
Mixing
3
4
5
Aerobic fermentation
only
fermentation
leaf
mold

Fig. 1 Reduction effect of Cr(VI) for leaching of the
contaminated soils
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Fig. 2 Concentration of Cr(VI) on the contaminated soil
with different initial contents

Table 5 Concentration of Cr(VI) from the contaminated
soil without treatment and with autoclave

Hexavalent
chromium
Concentration
(mg/L)

Without treatment

Autoclave

0.120

0.110

Amount of ATP

Table 6 Amount of microorganisms (ATP) for each sample

Sample

Granite
decomposed
soil

Soil mixed
with only
leaf mold

Single
leaf mold

Soil with
anaerobic
fermentation

Soil with
aerobic and
anaerobic
fermentations

Soil with
aerobic
fermentation

Amount of
microorganisms
(ATP)

867

1,600

9,933

63,773

90,300

179,367

2 10

5

1.5 10

5

1 10

5

5 10

4

0

CONCLUSIONS

Aerobic
1 Soil with
2
3
4
5
6
Anaerobic
Single
Soil
fermentation
leaf mold leaf fermentation
Anaerobic
mold
and aerobic
fermentations

A fundamental study on the purification effect of
contaminated soil possessing hexavalent chromium was
performed by the laboratory test. Especially, an effect of
composting with aerobic or anaerobic fermentation was
discussed based on the test results. Main conclusions
obtained from this study are as follows:
1) The anaerobic fermentation with organic matter,
effective microorganisms resources, and leaf mold is
very effective for remedying the contaminated soil
possessing hexavalent chromium.
2) It is suggested that the reduction effect of Cr(VI)
depends on not only the amount of ATP (adenosine
triphosphate) but also kind of the microorganisms.

Fig. 3 Amount of ATP for each sample

sample with the aerobic or anaerobic fermentation only
for five days and on the sample with both fermentations
from the anaerobic condition to the aerobic condition for
more five days. As shown in Table 6, amount of ATP
increases considerably after the fermentations.
Particularly, the sample with the aerobic fermentation
only indicates highest value of ATP. This sample
contains the rice bran. It is considered that this is due to
the effect of rice bran with rich nutrition. However, the
anaerobic fermentation is more effective for the
reduction of Cr(VI). It is suggested that the effect
depends on not only the amount of ATP but also kind of
the microorganisms. In other words, the anaerobic
microorganisms is effective for the reduction of Cr(VI)
in comparison with the aerobic microorganisms.
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