
INTRODUCTION

Malachite green is one of the basic dyes used
extensively in the textile industry for dyeing silk, leather,
cotton, wool and jute 1,2, and has been extensively used
as a bactericide, fungicide and parasiticide in
aquaculture industries worldwide.1,3 Malachite green
is highly toxic to mammalian cells and causes kidney
tumors in mice and reproductive problems in rabbit
and fish.4,5  The potential carcinogenic, genotoxic,
mutagenic and teratogenic properties of malachite
green have been reported in many animal species and
cell lines.6

Industrial wastewater containing dyes is a growing
concern to the environment due to their color and
accumulated toxic chemicals.7  These dyes can be
removed by physical and chemical treatments, but those
methods require more energy and chemicals than
biological processes.8,9  Additionally, those processes
leave more sludge for further treatment.7  Activated
carbon is the most commonly used adsorbent for
organic matter removal, but its application is limited
due to its high cost.10  It is, therefore, reasonable to find

other low-cost adsorbents to replace the commercially
expensive activated carbon. Biological techniques are
attractive treatments from the industry standpoint
because they are usually less expensive, compared to
physical and chemical treatments. However, the
conventional process of activated sludge alone is not
effective to treat wastewater containing dyes to meet
the effluent standards, since those dyes are not
biodegraded but sometimes only adsorbed to activated
sludge biomass.8,11

Aerobic denitrifying bacteria are an interesting
group of bacteria because they have the capacity to co-
utilize two electron acceptors: oxygen and nitrate.12  As
a consequence, aerobic denitrifying bacteria could
provide more advantages than aerobic bacteria. First,
bacteria can utilize and degrade nitrate as the electron
acceptor through a denitrifying reaction. Second, the
aerobic denitrifying process causes less sludge
production compared to aerobic processes, because
denitrifying bacteria convert the carbon source to less
biomass than aerobic bacteria. Finally, aerobic activated
sludge or conventional activated sludge processes
generate high amounts of sludge.13  Aerobic denitrifying
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ground oyster shell and ground charcoal were utilized
as the adsorbents in this study. Activated carbon was
purchased from a local distributor. This local activated
carbon was selected because it is inexpensive and
produced in Thailand. Soil samples were collected from
an organic rich soil area in Chonburi Province, Thailand.
Ground shrimp skeleton and ground oyster shells were
collected from agricultural processing industries,
washed repeatedly in tap water, dried overnight at
60oC, then ground and sieved for 2.0 mm size. Ground
charcoal purchased from a local distributor was
ground, washed with distilled water to remove fines,
air-dried for 24 hrs. and then sieved for 2.0 mm size.

ChemicalsChemicalsChemicalsChemicalsChemicals
Malachite green (Ajax Finechem, Auburn, Australia)

was dissolved in dimethyl sulfoxide (DMSO) prior to
diluting in 7% NaCl to a final concentration of 100 mM
as a stock solution.

MediaMediaMediaMediaMedia
Defined mineral salt media was modified from

Makekhayai.17 The following was dissolved in 1.0 L of
distilled water: 1.3 g KCl, 0.2 g KH

2
PO

4
, 23 g NaCl,

0.5 g NH
4
Cl, 0.1 g CaCl

2
.2H

2
O and 1.0 g MgCl

2
.6H

2
O.

This defined medium was supplemented with 1 mL of
vitamin solution (containing 1.0 mg/L vitamin B

12
, 20

mg/L biotin, 20 mg/L folic acid, 50 mg/L nicotinic acid,
50 mg/L p-aminobenzoic acid, 50 mg/L pantothenic
acid, 100 mg/L pyridoxine HCl, 50 mg/L riboflavin, 50
mg/L thiamin, and 50 mg/L thiotic acid), 5 mL of trace
salt solution (consisting of 2 g/L CoCl

2
.6H

2
O, 0.01 g/L

CuCl
2
, 0.38 g/L H

3
BO

3
, 1.33 g/L MnCl

2
.4H

2
O, 0.17

Na
2
MoO

4
.2H

2
O, 0.1 g/L NiCl

2
.6H

2
O, and 0.14 g/L ZnCl

2
)

and 29.8 mL of bicarbonate solution (84 g/L) utilized
as the buffer system in the enrichment culture.18  To
obtain aerobic denitrifying conditions, nitrate (5 mM
at the final concentration) was added for another
electron acceptor in the cultures.

Enumeration of Aerobic, Aerobic Denitrifying,Enumeration of Aerobic, Aerobic Denitrifying,Enumeration of Aerobic, Aerobic Denitrifying,Enumeration of Aerobic, Aerobic Denitrifying,Enumeration of Aerobic, Aerobic Denitrifying,
Denitrifying and Methanogenic Bacteria by MostDenitrifying and Methanogenic Bacteria by MostDenitrifying and Methanogenic Bacteria by MostDenitrifying and Methanogenic Bacteria by MostDenitrifying and Methanogenic Bacteria by Most
Probable Number DeterminationProbable Number DeterminationProbable Number DeterminationProbable Number DeterminationProbable Number Determination

Aerobic, aerobic denitrifying, denitrifying and
methanogenic bacteria were enumerated using a
modification of a five-tube MPN method 16 as follows:

Aerobic and Aerobic Denitrifying BacteriaAerobic and Aerobic Denitrifying BacteriaAerobic and Aerobic Denitrifying BacteriaAerobic and Aerobic Denitrifying BacteriaAerobic and Aerobic Denitrifying Bacteria
One milliliter of acclimated activated sludge either

under aerobic or aerobic denitrifying conditions was
inoculated into 10 mL lactose broth. Three sets of
tubes with 5 tubes in each set of most probable number
determinations were used.     All of tubes were incubated
at 37oC and visual appearance of growth by the
occurrence of gas in the Durham tube after 2 days was

processes could produces less sludge, because this
reaction is a combination of aerobic and denitrifying
processes.12,14   Lukow and Diekmann15 found that
aerobic denitrifying bacteria were widely distributed
in sewage treatment plants. These bacteria can be used
to degrade water pollutants in an innovative activated
sludge acclimated for aerobic denitrifying conditions
where aerobic denitrifying bacteria dominated over
aerobic bacteria. This system can decrease the
operation cost because it utilizes less oxygen and
eliminates nitrate simultaneously in the aerobic
denitrifying tank.

In order to remove the contaminated dyes
effectively from industrial wastewater, a proper
treatment process with high quality effluent and low
operation cost is required. In this present study,
malachite green was chosen to study its fate by physical
and biological treatments. The principal aim of this
work was to remove malachite green by a proposed
two-step technique using a combination of physical
and biological treatments. The first step compared the
adsorption of malachite green by a commonly used
adsorbent (activated carbon) with other low cost
adsorbents (soil, ground shrimp skeleton, ground oyster
shell and ground charcoal). The supernatant from the
first step was treated further with two different
biological treatments (conventional aerobic and
aerobic denitrifying activated sludge). The effect of dye
concentration on removal efficiency was also
investigated with the best performance adsorbents.

MATERIALS AND METHODS

Acclimation and Characterization of ActivatedAcclimation and Characterization of ActivatedAcclimation and Characterization of ActivatedAcclimation and Characterization of ActivatedAcclimation and Characterization of Activated
SludgeSludgeSludgeSludgeSludge

Activated sludge used in this study was collected
from an aeration tank (oxidation ditch) from South
Saen Suk Wastewater Treatment Plant, Chonburi
Province, Thailand. Collected activated sludge was
placed in two 5-L glass jars. One jar each was subjected
to aerobic and aerobic denitrifying conditions. In each
condition, sodium benzoate solution (0.5 M) was added
daily as a carbon source for activated sludge
microorganisms for twenty days. Aerobic and aerobic
denitrifying jars were equipped with air pumps to
provide enough oxygen for aerobic microorganisms.
To obtain aerobic denitrifying conditions, potassium
nitrate (final concentration 5 mM) was provided as an
electron acceptor, along with oxygen as previously
described. Sludge Volume Index (SVI) and Mixed Liquor
Suspended Solid (MLSS) of acclimated activated sludge
were determined by standard methods.16  The pH was
monitored by pH meter (Orion Model 520A, USA).
AdsorbentsAdsorbentsAdsorbentsAdsorbentsAdsorbents

Activated carbon, soil, ground shrimp skeleton,
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used to score positive tubes.     The lactose broth had the
following composition : 5.0 g/L lactose , 5.0 g/L gelatin,
3.0 g/L beef extract. For aerobic denitrifying conditions
of acclimated activated sludge, 5.0 mM nitrate was
added in lactose broth as the other choice of electron
acceptor.

Denitrifying BacteriaDenitrifying BacteriaDenitrifying BacteriaDenitrifying BacteriaDenitrifying Bacteria
     The denitrifying mineral medium was prepared

and flushed with nitrogen gas for 30 min. The
denitrifying medium consisted of 1.2 g/L KNO

3
, 0.5 g/

L K
2
HPO

4
.3H

2
O, 0.5 g/L KH

2
PO

4
, 3.0 g/L beef extract,

5.0 g/L peptone, and 1.0 g/L NH
4
Cl.  Three sets of tubes

with 5 tubes in each set of most probable number
determinations were used. One milliliter of acclimated
activated sludge either under aerobic or aerobic
denitrifying conditions was inoculated into 10 mL of
denitrifying mineral medium. All tubes were degassed
with nitrogen gas for 30 min, and incubated at 37oC.
Visual appearance of growth by the occurrence of gas
in Durham tubes after 14 days of incubations was used
to score positive tubes.

Methanogenic BacteriaMethanogenic BacteriaMethanogenic BacteriaMethanogenic BacteriaMethanogenic Bacteria
     The methanogenic medium containing the

following: 20.0 g/L CaCO
3
, 1.0 g/L NH

4
Cl, 0.4 g/L

K
2
HPO

4 
.3H

2
O, 0.1 g/L MgCl

2
 .6 H

2
O, and 20.0 g/L

methanol, was prepared, degassed for 30 min. and
autoclaved. Three sets of tubes with 5 tubes in each set
of most probable number determinations were used.
One milliliter of acclimated activated sludge either
under aerobic or aerobic denitrifying conditions was
inoculated into 10 mL methanogenic medium. All tubes
were degassed with nitrogen gas for 30 min. and
incubated at 37 C. Visual appearance of growth by
occurrence of gas in the Durham tubes after 14 days
was used to score positive tubes.

Isolation and Identification of BacteriaIsolation and Identification of BacteriaIsolation and Identification of BacteriaIsolation and Identification of BacteriaIsolation and Identification of Bacteria
Isolation of bacteria was conducted by spread

plating dilutions in plate count agar and incubating the
plates at 30oC for 48 hrs. The method used for aerobic
denitrifying bacteria was established, similar to aerobic
plate count technique, except nitrate was added as the
second choice for an electron acceptor in the plate
count agar. The isolated colonies on plate count agars
under both conditions were identified by Gram staining
and standard biochemical tests according to Bergey’s
manual of determinative bacteriology.19,20

Column Setup and Experimental DesignColumn Setup and Experimental DesignColumn Setup and Experimental DesignColumn Setup and Experimental DesignColumn Setup and Experimental Design
The experimental column was filled with adsorbent,

400 g of either activated carbon, soil, ground shrimp
skeleton, ground oyster shell or ground charcoal. After
the adsorbent was saturated with water, malachite green

(1 mM) was loaded onto the column at a flow rate of
2.40 mL/min.  For each adsorbent, removal of malachite
green was tested with three runs to determine the
removal efficiency of malachite green using 120 mL of
malachite green without any material to elute the
material for each run. Plastic columns (height, 17 cm;
length, 12 cm; width, 5 cm) were used. All experiments
were conducted at room temperature (approximately
25oC).

Biodegradation of  Malachite Green and ItsBiodegradation of  Malachite Green and ItsBiodegradation of  Malachite Green and ItsBiodegradation of  Malachite Green and ItsBiodegradation of  Malachite Green and Its
Metabolites under Aerobic and Aerobic DenitrifyingMetabolites under Aerobic and Aerobic DenitrifyingMetabolites under Aerobic and Aerobic DenitrifyingMetabolites under Aerobic and Aerobic DenitrifyingMetabolites under Aerobic and Aerobic Denitrifying
ConditionsConditionsConditionsConditionsConditions

Two different enrichment cultures under aerobic
and aerobic denitrifying conditions were prepared to
evaluate biodegradation of malachite green. Ten
milliliters of acclimated activated sludge were added to
60-mL serum bottles containing 40 mL of minimal salt
media. After the media and inocula were added, each
bottle was capped with a butyl rubber stopper and
aluminum crimp. Then, 1.0 mL of the filtrate from the
previously described experimental column was injected
with a 1-mL syringe to get the final concentration of 1.0
mM malachite green in the cultures and incubated in
the dark at 30oC. Background (with no added substrate)
and sterile bottles (with autoclaved and acclimated
activated sludge) were designed as the controls. To
obtain aerobic denitrifying conditions, 5 mM potassium
nitrate was added as  another electron acceptor in the
cultures. Enrichments were monitored for substrate
loss at different time points.

Analysis of Substrate LossAnalysis of Substrate LossAnalysis of Substrate LossAnalysis of Substrate LossAnalysis of Substrate Loss
All samples were monitored for substrate loss by 2

criteria: color intensity and COD. Firstly, malachite
green removal was determined by the change of color
intensity, compared to the standard dilutions. At the
beginning, 1.0 mM malachite green (score 0) was diluted
by a factor of 0.5 until colorless (score 10). As a result,
the concentrations of malachite green were 1.0, 0.5,
0.25, 0.125, 0.0625, 0.03125, 0.015625, 0.0078,
0.0039, and 0.00195 mM, assigned the scoring system
from 0-10, respectively. Those standards were used for
comparison with the change in color of malachite green
after treated with different types of adsorbents by
visual comparison and spectrophotometer
measurement at the 616.9 nm. Secondly, the change of
COD value was determined for the malachite green
and its metabolites during the experiment. The COD of
samples was measured by colorimetry using a Hach
COD incubator (DR 200, Loveland, Colorado, USA).
The reaction proceeded for 2 hrs. at 150oC. The
substrate loss during the experiment was determined
by comparison with standard solutions.
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RESULTS

Removal of 1.0 mM Malachite Green with FiveRemoval of 1.0 mM Malachite Green with FiveRemoval of 1.0 mM Malachite Green with FiveRemoval of 1.0 mM Malachite Green with FiveRemoval of 1.0 mM Malachite Green with Five
Different AdsorbentsDifferent AdsorbentsDifferent AdsorbentsDifferent AdsorbentsDifferent Adsorbents

The COD value for 1.0 mM of malachite green was
1,690 mg/L. Table 1 shows  removal of 1.0 mM malachite
green in terms of color and COD reduction by different
adsorbents (activated carbon, soil, ground shrimp
skeleton, ground oyster shell and ground charcoal) for
three runs. Although there was no significant difference
(P > 0.05) in color reduction between activated carbon
and soil, their efficiency in color reduction was
significantly higher (P < 0.05) than the other three
adsorbents. Activated carbon and soil were able to
remove the green color of 1.0 mM malachite green with
100% efficiency. Ground shrimp skeleton and ground
charcoal had moderate capacity to remove the green
color of malachite green, indicated by the color
reduction scoring of between 5-8. Activated carbon,
soil, ground oyster shell and ground charcoal had high
capacity to remove COD with the values ranging from
49.5%-72.4%, which were not significantly different (P
> 0.05) among these adsorbents but were significantly
higher (P < 0.05) than that of ground shrimp skeleton
(3.1 % - 31.1 %). Ground shrimp skeleton showed
superior efficiency on color removal with a color
reduction score of 8, but not for COD value reduction.
In addition, bad odor occurred with the ground shrimp
skeleton treatment during the second and third runs
when ground shrimp skeleton was reused to study on
the adsorption capacity. Therefore, activated carbon
and soil can remove 1.0 mM malachite green in terms
of color removal and COD reduction more efficiently
than ground shrimp skeleton, ground oyster shell and
ground charcoal.

Comparison of Aerobic, Aerobic Denitrifying,Comparison of Aerobic, Aerobic Denitrifying,Comparison of Aerobic, Aerobic Denitrifying,Comparison of Aerobic, Aerobic Denitrifying,Comparison of Aerobic, Aerobic Denitrifying,
Denitr i fy ing and Methanogenic Bacter ia  inDenitr i fy ing and Methanogenic Bacter ia  inDenitr i fy ing and Methanogenic Bacter ia  inDenitr i fy ing and Methanogenic Bacter ia  inDenitr i fy ing and Methanogenic Bacter ia  in
Acclimated Activated Sludge under Aerobic andAcclimated Activated Sludge under Aerobic andAcclimated Activated Sludge under Aerobic andAcclimated Activated Sludge under Aerobic andAcclimated Activated Sludge under Aerobic and
Aerobic Denitrifying Conditions Using MPN MethodAerobic Denitrifying Conditions Using MPN MethodAerobic Denitrifying Conditions Using MPN MethodAerobic Denitrifying Conditions Using MPN MethodAerobic Denitrifying Conditions Using MPN Method

The change in characteristics of acclimated
activated sludge under aerobic and aerobic denitrifying
conditions was monitored as shown in Table 2.
Acclimated activated sludge under aerobic conditions

Table 1. Reduction of 1.0 mM malachite green by different adsorbents.

TTTTType of adsorbentsype of adsorbentsype of adsorbentsype of adsorbentsype of adsorbents              % Reduction             % Reduction             % Reduction             % Reduction             % Reduction
Run 1Run 1Run 1Run 1Run 1         Run 2        Run 2        Run 2        Run 2        Run 2       Run 3      Run 3      Run 3      Run 3      Run 3

    Color    Color    Color    Color    Color    % COD   % COD   % COD   % COD   % COD     Color    Color    Color    Color    Color     % COD    % COD    % COD    % COD    % COD    Color   Color   Color   Color   Color    % COD   % COD   % COD   % COD   % COD
 reduction reduction reduction reduction reduction   reduction  reduction  reduction  reduction  reduction        reduction       reduction       reduction       reduction       reduction    reduction   reduction   reduction   reduction   reduction       reduction      reduction      reduction      reduction      reduction   reduction  reduction  reduction  reduction  reduction

Activated carbon a,1 10 49.5 10 65.7 10 56.5
Soil a,1 10 62.7 10 59.7 10 57.9
Ground shrimp skeleton b,2   8 31.1   8   3.1   8 5.1
Ground oyster shell a,4   3 72.4   3 54.0   3 51.4
Ground charcoal a,3   5 58.3   5 54.0   5 59.7

Values of color reduction range from 0-10 in which 0: for the green color of malachite green at the beginning and 10: for no green color of malachite green remaining.
a,bDifferent superscript letters indicate significant differences (P < 0.05) in percentage of COD reduction between treatments.
1,2,3Different superscript numbers indicate significant differences (P < 0.05) in color reduction between treatments.

Table 2. Characteristics of acclimated activated sludge under
aerobic and aerobic denitrifying conditions.

ParametersParametersParametersParametersParameters         Acclimated activated sludge        Acclimated activated sludge        Acclimated activated sludge        Acclimated activated sludge        Acclimated activated sludge
AerobicAerobicAerobicAerobicAerobic Aerobic denitrifyingAerobic denitrifyingAerobic denitrifyingAerobic denitrifyingAerobic denitrifying

                    conditionsconditionsconditionsconditionsconditions        conditions       conditions       conditions       conditions       conditions

pH 9 10
SVI (mL/g)    86.65     69.53
MLSS  (mL/g)     5449     5207
Isolated bacteria    Micrococcus sp.           Micrococcus sp.

Bacillus sp. Desulfotomaculum sp.
    Staphylococcus  Bacillus sp.

nonaureus Four different
  Flavobacterium sp. unidentified species
    Acinetobacter sp.

Four different
 unidentified species

showed more variety of cultivable bacteria than those
from aerobic denitrifying activated sludge.  Micrococcus
sp., Flavobacterium sp., Acinetobacter sp., Bacillus sp.,
Staphylococcus nonaureus and unidentified species (4
isolates) identified by Bergey’s Manual Systems, were
isolated from the aerobic activated sludge, while
Micrococcus sp., Desulfotomaculum sp., Bacillus and
unidentified species (4 isolates) were identified from
activated sludge under the aerobic denitrifying
conditions. During the course of acclimation of
microorganisms, biodiversity of the bacterial
populations  (aerobic, aerobic denitrifying, denitrifying
and methanogenic bacteria)  in the activated sludge
was clarified using the modification of MPN methods.
Fig 1 shows the number of aerobic, aerobic denitrifying,
denitrifying and methanogenic bacteria obtaining from
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Table 3. Reduction of 1.0 mM malachite green by two
different adsorbents and then by two types of
biological treatment.

PhysicalPhysicalPhysicalPhysicalPhysical % COD% COD% COD% COD% COD BiologicalBiologicalBiologicalBiologicalBiological % COD% COD% COD% COD% COD %T%T%T%T%Total CODotal CODotal CODotal CODotal COD
treatment  reductiontreatment  reductiontreatment  reductiontreatment  reductiontreatment  reduction treatmenttreatmenttreatmenttreatmenttreatment reductionreductionreductionreductionreduction    reduction   reduction   reduction   reduction   reduction

Activated 52.0 ± 9.8 Aerobic 1 53.2 ± 4.8    77.5 ± 6.4
carbon a Aerobic 55.9 ± 3.9    78.8 ± 7.1

denitrifying 1

Soil a 66.6 ± 4.2 Aerobic 1 54.9 ± 3.5    84.9 ± 3.9
Aerobic 58.2 ± 4.1    86.0 ± 4.1
denitrifying 1

aThe same superscript letter indicates the mean of percentage of COD reduction and total COD
  reduction was not significantly different (P > 0.05) between the two physical treatments.
1The same superscript number indicates the mean of percentage of COD reduction and total
  COD reduction was not significantly different (P > 0.05) between the two biological treatments.
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the acclimation of activated sludge under aerobic
conditions via the MPN method, which averaged 500,
300, 4 and 17 MPN/100 mL, respectively. From this
result, aerobic bacteria were found with the highest
number followed by aerobic denitrifying bacteria, while
anaerobic bacteria had relatively low number in the

activated sludge under aerobic conditions. In contrast,
aerobic denitrifying bacteria were found with the
highest value (1600 MPN/10 mL.) in the acclimated
activated sludge under aerobic denitrifying conditions
(Fig 1). Aerobic bacteria were the next largest group in
acclimated activated sludge under aerobic denitrifying
conditions. Anaerobic bacteria (denitrifying and
methanogenic bacteria) were detected in activated
sludge with relatively low number, similar to those
found in acclimated activated sludge under aerobic
conditions. As a consequence, the change in
biodiversity and the number of microbial population
in the acclimated activated sludge under both conditions
were correlated with the enrichment nutrients.

Removal of 1.0 mM Malachite Green by PhysicalRemoval of 1.0 mM Malachite Green by PhysicalRemoval of 1.0 mM Malachite Green by PhysicalRemoval of 1.0 mM Malachite Green by PhysicalRemoval of 1.0 mM Malachite Green by Physical
and Biological Processesand Biological Processesand Biological Processesand Biological Processesand Biological Processes

Table 3 shows the removal of 1.0 mM malachite
green by physical treatment (activated carbon and soil)
and biological treatment (aerobic and aerobic
denitrifying conditions). The percentage of COD
removal by soil (66.6 + 4.2%) was higher than that of
activated carbon (52 + 9.8%), although there was no
significant difference (P > 0.05) between the two
adsorbents. Then the filtrate from either soil or
activated carbon was treated with two types of
biological activated sludge (aerobic or aerobic
denitrifying conditions). The two types of biological
treatments were able to decrease COD value with similar
performance (53.2-58.2%) without significant
difference (P > 0.05). As a consequence, the proposed
two-step technique using soil as an adsorbent and
subsequently treating with either aerobic or aerobic
denitrifying conditions showed the best capacity for
removal of 1.0 mM malachite green (84.9-86.0%).

Removal of 2.0 mM Malachite Green by PhysicalRemoval of 2.0 mM Malachite Green by PhysicalRemoval of 2.0 mM Malachite Green by PhysicalRemoval of 2.0 mM Malachite Green by PhysicalRemoval of 2.0 mM Malachite Green by Physical
and Biological Processesand Biological Processesand Biological Processesand Biological Processesand Biological Processes

Table 4 shows the percent removal of 2.0 mM
malachite green by activated carbon and soil from
three consecutive loadings of 2.0 mM malachite green.
There was a significant difference (P < 0.05) in terms of
color removal between activated carbon and soil. Soil

Fig 1. Comparison of aerobic, aerobic denitrifying, denitrify-
ing and methanogenic   bacteria in acclimated activated
sludge under aerobic and aerobic denitrifying condi-
tions using MPN method.

Table 4. Reduction of  2.0 mM malachite green by activated carbon and soil.

TTTTType of adsorbentsype of adsorbentsype of adsorbentsype of adsorbentsype of adsorbents              % Reduction             % Reduction             % Reduction             % Reduction             % Reduction
Run 1Run 1Run 1Run 1Run 1         Run 2        Run 2        Run 2        Run 2        Run 2       Run 3      Run 3      Run 3      Run 3      Run 3

    Color    Color    Color    Color    Color    % COD   % COD   % COD   % COD   % COD     Color    Color    Color    Color    Color     % COD    % COD    % COD    % COD    % COD    Color   Color   Color   Color   Color    % COD   % COD   % COD   % COD   % COD
 reduction reduction reduction reduction reduction   reduction  reduction  reduction  reduction  reduction        reduction       reduction       reduction       reduction       reduction    reduction   reduction   reduction   reduction   reduction       reduction      reduction      reduction      reduction      reduction   reduction  reduction  reduction  reduction  reduction

Activated carbon a,1   9 70.0   8 74.4   7 80.0
Soil a,2 10 68.2 10 70.8 10 73.8

Values of color reduction range from 0-10 in which 0: for the green color of malachite green at the beginning and 10: for no green color of malachite green remaining.
aThe same superscript letter indicates the percentage of COD reduction was not significantly different (P > 0.05) between the two adsorbents.
1,2Different superscript numbers indicate significant difference (P < 0.05) in color reduction between the two adsorbents.
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can completely adsorb the green color of 2.0 mM
malachite green. In contrast, partial absorption with
high efficiency removal of the green color of added
malachite green was observed with activated carbon.
However, there was no significant difference (P > 0.05)
in the percentage of COD removal between the
treatments with activated carbon (70-80%) and soil
(68.2-73.8%) as shown in Table 4.

Table 5 shows the removal of 2 mM malachite green
in terms of COD value with physical (activated carbon
and soil) and biological treatments (aerobic and aerobic
denitrifying activated sludges). Activated carbon and
soil were capable of removing malachite green at 74.8
7.4% and 70.9±5.7%, respectively, which were not
significantly different (P > 0.05). Moreover, both
biological treatments can equally reduce the COD values
by  80.1 – 87.7%, with no significant difference (P >
0.05) (Table 5).  Therefore, the percentage of total COD
removal was not affected when the filtrate from
activated carbon and soil were subsequently treated
with aerobic or aerobic denitrifying conditions.

DISCUSSION

High chemical oxygen demand (COD) and color
intensity are the major parameters of concern for
release of wastewater from textile industry treatment
plants.21 The proposed two-step process for malachite
green removal was studied with low (1.0 mM) and
higher (2.0 mM) concentrations of malachite green.
The first step was to treat with physical process using
five different types of adsorbents (activated carbon,
soil, ground shrimp skeleton, ground oyster shell and
ground charcoal). The criteria for selection of the
appropriate adsorbent for the removal of malachite
green were color reduction and percentage of COD
removal. The constituents  of the different adsorbents
make different contributions toward the color and

COD reduction of tested malachite green, as shown in
Table 1. The obtained results showed that soil and
activated carbon were capable of complete removal of
the color of 1.0 mM malachite green in three successive
loadings and could decrease the COD from 49.5% to
65.7%.

Removal of a higher concentration (2.0 mM) of
malachite green using activated carbon and soil was
also assessed. The ability of activated carbon to remove
the color of 2.0 mM malachite green was slightly
decreased during successive runs from run 1 to 3,
compared to that with 1.0 mM malachite green. This
finding is in agreement with the work done by Aitcheson
et al.22   They reported that activated carbon efficiently
removed malachite green present in a low
concentration in aqueous solution. Interestingly, in the
present work, activated carbon showed higher capacity
for reduction of 2.0 mM malachite green in terms of
COD removal than for 1.0 mM malachite green.
Activated carbon uses its developed porous structure
comprised of hydrophobic graphene layers and
hydrophilic surface functional groups to adsorb
malachite green.23 Activated carbons were also noted
to be capable of removing malachite green (a cationic
dye) due to its high degree of porosity and an extensive
surface area for adsorption capacity.24  For example,
some activated carbons consist of weakly acidic
functional groups  and protonatable complexing groups
at the surface of carbon, such as carboxylic, lactonic
and phenolic groups,19 which can adsorb malachite
green. Due to these properties and its ability to remove
malachite green, activated carbon may be considered
to be an appropriate material from an environmental
point of view, as it is economical, abundant and
precursors of activated carbon are readily available in
Thailand. Since all agricultural solid wastes used in the
present study are freely, abundantly and locally
available, the activated carbons are expected to be
economically viable for wastewater treatment.

In contrast, soil had increased capacity to reduce
the color of 2.0 mM malachite green, but the capacity
of soil to remove COD (70.9 + 5.7%) was similar to
activated carbon (74.8 + 7.4%). One reason that soil
has the best ability to adsorb 1.0 and 2.0 mM malachite
green may be due to the presence of dissolved humic
substances (DHS), naturally occurring organic matter
in soils. Soils have been shown to bind hydrophobic
organic solutes forming humic solute complexes in the
aqueous phase. 25

The second step was to assay the impact of two
different biological treatments (acclimated activated
sludges under aerobic and aerobic denitrifying
conditions) on removal of malachite green based on
the same 2 criteria:  color reduction and COD removal.
The filtrate from soil or activated carbon of low (1.0

Table 5. Reduction of 2.0 mM malachite green by two
different adsorbents and then by biological
treatment.

PhysicalPhysicalPhysicalPhysicalPhysical % COD% COD% COD% COD% COD BiologicalBiologicalBiologicalBiologicalBiological % COD% COD% COD% COD% COD %T%T%T%T%Total CODotal CODotal CODotal CODotal COD
treatment  reductiontreatment  reductiontreatment  reductiontreatment  reductiontreatment  reduction treatmenttreatmenttreatmenttreatmenttreatment reductionreductionreductionreductionreduction    reduction   reduction   reduction   reduction   reduction

Activated 74.8 ± 4.5 Aerobic 1 80.1 ± 3.2    85.8 ± 3.8
carbon a Aerobic 81.8 ± 3.7    86.4 ± 4.1

denitrifying 1

Soil a 70.9 ± 5.8 Aerobic 1 80.7 ± 5.2    86.3 ± 5.5
Aerobic 82.7 ± 4.5    87.7 ± 5.2
denitrifying 1

aThe same superscript letter indicates the mean of percentage of COD reduction and total COD
  reduction was not significantly different (P > 0.05) between the two physical treatments.
1The same superscript number indicates the mean of percentage of COD reduction and total
  COD reduction was not significantly different (P > 0.05) between the two biological treatments.
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mM) and higher concentration (2.0 mM) of malachite
green was transferred into two types of biological
treatments. The results showed that the efficiency of
two types of activated sludges for removing the filtrate
from 1.0 mM malachite green was similar (53.2-58.2%
COD reduction).  The increase in malachite green
concentration in both acclimated activated sludge
conditions resulted in increased efficiency of dye
removal in terms of COD value (80.1 – 82.7% COD
removal). As a consequence, aerobic and aerobic
denitrifying microorganisms in acclimated activated
sludge had similar capacity for biodegradation of
malachite green and its metabolites. This indicated that
the second step for malachite green removal can be
either conventional activated sludge or activated sludge
under aerobic denitrifying conditions. Further study is
required to improve the removal of malachite green,
particularly on the reduction of COD level during the
biological treatment based on the proposed two-step
technique using different columns.

In conclusion, the application of a two-step
technique for malachite green removal could be a
prominent process to treat malachite green in a cost-
effective manner. The first step or the adsorption
process is the major step in malachite green removal.
Soil, a natural material, or low-cost activated carbon
could be the choices for the appropriate adsorbents,
depending on  availability. The second step is the method
to remove the remaining of malachite green and its
metabolites. Both conventional activated sludge and
aerobic denitrifying activated sludge can be utilized
during the second step with similar capacity. This
proposed process is an environmentally friendly and
cost efficient method for malachite green removal.
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