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Introduction
Hexachlorocyclohexane is an organochlorine insecticide which has 

been extensively used in agriculture in the past. It is still used for public 
health and medical purposes. Hexachlorocyclohexane is the term 
used for all 8-isomers of HCH [1]. Among the isomers, only gamma-
hexachlorocyclohexane (γ-HCH), commonly known as lindane, has 
insecticidal properties. During the production of γ-HCH (lindane) 
upto 85% of the product consisted of other isomers, mainly α-, β- and 
δ-HCH [2]. These isomers don’t have insecticidal properties, therefore 
dumped as waste causing serious environmental pollution. Use of 
γ-HCH has been banned all over the world. But its continuous use has 
led to its accumulation in the environment [3]. All isomers of HCH 
have been detected in environmental samples world over. The β-isomer 
is consistently found in higher concentration in human fat and blood 
whereas α- and γ-HCH are most prevalent isomers in soil [4]. All 
four isomer of HCH are toxic and considered worldwide pollutants. 
Biodegradation of HCH isomers has been studied in soil [5], soil 
slurry [6] etc. A lot of information is available on the biodegradation 
of γ-HCH and other isomers of HCH using pure bacterial cultures, 
Pseudomonas aeruginosa, ITRC-5, Xanthomonas species, Clostridium 
rectum, Pandoraea spp etc [7-10]. Studies have also been carried out on 
the degradation of HCH isomers using sewage sludge under aerobic and 
anaerobic conditions [11-13]. It was observed that the isomers β- and 
δ-HCH were resistant to biodegradation under aerobic and anaerobic 
conditions, but α- and γ-HCH degraded upto 90%. Besides bacterial 
cultures, some fungi have also been found to degrade HCH isomers. 
White rot fungus, Phanerochaete chrysosporium and a non-white rot 
fungus Conidiobolus were capable of degrading HCH isomers [14-16]. 
Pleurotus ostreatus has been reported to be used in bioremediation 
of lindane contaminated site [17]. Information on the complete 
biodegradation of all isomers of HCH using a single microbial culture is 
rare. Also in majority of the studies intermediate metabolite formation 

has been reported [8]. Pleurotus florida, belonging to the genus 
Pleurotus, is a white rot fungus which has been commercially exploited 
for mushroom cultivation. The species can be easily cultivated on paddy 
straw. Members of this genus are commonly referred to as white oyster 
mushrooms, which are prime edible mushrooms. P. florida is able to 
grow on various media and at a wide range of temperature (15-30°C). 
Preliminary studies conducted in the laboratory showed that P. florida 
could accelerate degradation of γ-HCH both in medium and soil. But 
the other 3 isomers are known to be more persistent than γ-HCH. In 
addition to that if γ-HCH application is given for any purpose the other 
isomers are likely to enter as impurities. The purpose of our study was 
to find a suitable microorganism that can be used for bioremediation 
of all HCH isomers together and individually. Therefore in the present 
study the ability of P. florida was evaluated to degrade α-, β-, γ- and 
δ-isomers of HCH individually and as a mixture in medium as well as 
in soil. 

Materials and Methods
Chemicals 

Analytical grade HCH isomers i.e. α-HCH (purity 98.3%), β-HCH 
(purity 99.2%), γ-HCH (purity 99%) and δ-HCH (purity 98.5%) were 
procured from Accu Standard, Germany. The degradation products 
1,3 dichlorobenzene (purity 99.4%), 1,2-dichlorobenzene (purity 
99.9%), 1,2,4-trichlorobenzene (purity 99.5%), 1,2,3-trichlorobenzene 
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Abstract
Hexachlorocyclohexane (HCH) isomers are reported to persist in the environment long after their usage is 

discontinued. Pleurotus florida, a white rot fungus, was found to degrade not only γ-HCH but also its more 
persistent isomers individually as well as a mixture in a Raper’s complete medium. Within 30 days γ-HCH degraded 
completely, whereas other 3 isomers degraded 92-99%. The degradation rate was γ-HCH>β-HCH>α- and δ-HCH. 
The mycelium biomass was free from γ-HCH residues but accumulated about 3% residues of other 3 isomers. 
Presence of intermediate metabolites was not detected indicating complete mineralization of HCH isomers. Ability of 
P. florida to degrade HCH isomers was further studied in soil by amendment with spent mushroom substrate (SMS).
SMS addition could marginally increase degradation of α-, β- and δ-HCH, but significantly increased degradation
of γ-HCH. When the study was repeated similar trend was observed. The half-life of degradation of γ-HCH was
439-570 days in un-amended soil while 37-42 days in SMS amended soil. For other 3 stable isomers the half-life
was reduced from 686-828 to 88-125 days by SMS amendments. These results indicate that SMS from P. florida
cultivation can be utilized for bioremediation of HCH contaminated site.
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(purity 99.9%), 1,2,4,5-tetrachlorobenzene (purity 99.4%), 
1,2,3,5-tetrachlorobenzene (purity 97.5%), 1,2,3,4-tetrachlorobenzene 
(purity 99.0%), and pentachlorobenzene (purity 99.8%) were procured 
from Sigma-Aldrich, Germany. All chemicals and reagents used were 
of analytical grade. 

Standard solution 

Stock solutions (1000 µg mL-1) of α-, β-, γ-, δ-HCH and all the 
metabolites were prepared in n-hexane. Working standards were 
prepared by further dilutions. Mixture of the above 4 isomers were also 
prepared. All the HCH isomers were analyzed by gas chromatograph 
at a concentration range of 0.01-1.0 µg mL-1 to study the linearity and 
limit of detection (LOD).

Pleurotus florida

Pleurotus florida used in the present study was obtained from the 
mushroom germplasm repository of Indian Institute of Horticultural 
Research, Hessaraghatta, Bangalore, India. The cultures of P. florida 
was maintained on malt extract agar medium (malt extract 30 g; 
mycological peptone 5 g; agar 15 g; distilled water 1 L) through regular 
sub culture and tissue culture.

In vitro degradation of HCH isomers 

The in vitro degradation study of HCH isomers by P. florida was 
carried out in Raper’s complete medium (glucose, 20 g; peptone, 2 
g; yeast extract 2 g; MgSO4.7H2O 0.5 g; KH2PO4 0.4 g; K2HPO4 1 g; 
distilled water 1 litre). Hundred mL portions of the sterilized medium 
were taken in 250 mL conical flasks. Each flask was inoculated with 
one fungal disc (8 mm diameter) obtained from the periphery of fully 
grown 7 day old cultures. The flasks containing P. florida was amended 
with 100 µg (1 µg/mL) of α-, β-, γ- and δ-HCH individually. In one set 
of flasks all four HCH isomers were added together, at a concentration 
of 100 µg each (total 400 µg). Flasks without P. florida but with HCH 
isomers individually and as a mixture were kept as controls. Flasks 
inoculated with only fungal cultures also served as control. The culture 
was incubated as static culture at room temperatures (25 ± 2°C). 
Degradation of HCH isomers in the medium was studied on 0, 10, 20 
and 30 days after incubation. 

Degradation of HCH isomers in soil

Degradation of HCH isomers by P. florida in soil was carried out 
in the following manner. In a 500 mL conical flask 100 g soil was taken 
and mixed with 20 g spent mushroom substrate (SMS) on which P. 
florida was grown. Stock solutions of mixture of α-, β-, γ- and δ-HCH 
were diluted with tap water. Each flask received 50 mL portions of 
water containing HCH mixture. The concentration of each isomer was 
maintained @ 1 μg g-1 soil. Soil without SMS served as control. Soil with 
SMS but without mixture of HCH isomers also served as control. The 
soils were kept at ambient (room) temperature (26 ± 2°C) and analyzed 
for HCH isomers on 0, 10, 20, 30, 40, 50 and 60 days.

Extraction of HCH isomers in medium

On every sampling day 5 replicates from each medium treatment 
were taken for analysis. The mycelial mats were separated from the 
culture medium and both were extracted and analyzed separately. 
The medium was transferred into a 500 mL conical flask the mycelial 
mats were washed repeatedly with distilled water (100 mL) and 
the washings were added to the culture medium. The mycelial mats 
were further washed repeatedly with ethyl acetate (50 mL) to remove 
any traces of HCH isomers sticking to it. The ethyl acetate washings 

were added back to the medium. The washed mycelial mats were 
homogenized thoroughly with a mortar and pestle after adding 25 g 
of anhydrous sodium sulphate. It was further extracted with 25 mL 
hexane : ethyl acetate; 75 : 25 (v v-1) by shaking on a mechanical shaker 
for 2 h. The process was repeated twice. The extracts were combined 
and evaporated using a rotary vacuum evaporator (Heidolph Laborta 
4002, Germany) under vacuum and dissolved in 2 mL of n-hexane for 
analysis by gas chromatograph (GC) and GC-MS. The culture medium 
was extracted with 50 mL hexane: ethyl acetate; 75: 25 (v v-1) by shaking 
on a mechanical shaker for 2 h. The process was repeated twice. The 
combined extracts were evaporated using a rotary vacuum evaporator 
under vacuum and redissolved in 5 mL of n-hexane for analysis by 
gas chromatograph (GC) and gas chromatograph mass spectrometry 
(GC-MS). The extracts were further diluted with n-hexane as and when 
it was required to make it suitable for GC analysis. On the 10th day 
of treatment the growth of mycelium was not sufficient to separate it 
from the medium. Therefore the entire content was extracted as culture 
medium. The control flasks without P. florida were also extracted as 
culture medium. Throughout the analysis period on every sampling 
day medium and mycelial mats from flasks inoculated with only fungal 
cultures were extracted as described above and analyzed by GC and 
GC-MS for comparison. 

Extraction of HCH isomers in soil

On every sampling day 5 replicates of the treated soil was taken 
for analysis. HCH isomers from soil were extracted with 100 mL 
hexane: ethyl acetate; 75: 25 (v v-1) after adding 40 mL distilled water. 
The flasks were kept for shaking for 1 hour and filtered in Buchner 
funnel under vacuum. The soil was further rinsed with 2 × 20 mL of 
the solvent mixture. The combined extracts were evaporated under 
vacuum; the aqueous fraction was partitioned with 3 × 30 mL solvent 
mixture. The fraction thus obtained was concentrated and redissolved 
in 10 ml of n-hexane for analysis by GC and GC-MS. The final extracts 
were diluted whenever required to make it suitable for GC analysis. The 
control soil samples were extracted in a similar manner.

Analysis by GC

A Gas Chromatograph Bruker GC-450 equipped with electron 
capture detector (ECD) was used for analysis of all HCH isomers and 
8 metabolites. One µl of sample was injected with an auto sampler. A 
capillary column, Varian VF-1701MS (30 m × 0.25 mm i.d. × 0.25 µm; 
stationary phase, 14% cyanopropyl-phenyl 86% dimethyl polysiloxane) 
was used. The injector was kept in the split mode at a split ratio of 10. 
Ultra high pure nitrogen was used as carrier gas at a flow rate of 1.0 
mL min-1. The column oven temperature was initially maintained at 
90°C with a hold time of 5 min and programmed @ 2°C min-1 to 120°C 
and @ 4°C min-1 to 180°C with a hold time of 10 min. Injector and 
detector temperatures were maintained at 280°C and 300°C. Under the 
above conditions retention times of α-HCH, γ-HCH, β-HCH, δ-HCH 
were 32.9, 33.8, 34.7 and 35.1 min, respectively. The retention time of 
the degradation products, 1,3-dichlorobenzene; 1,2-dichlorobenzene; 
1,2,4-trichlorobenzene; 1,2,3-trichlorobenzene; 1,2,3,5-tetrachloro-
benzene; 1,2,4,5-tetrachlorobenzene; 1,2,3,4-tetrachlorobenzene, pen-
tachlorobenzene were 9.0, 9.6, 13.8, 15.1, 20.3, 20.4, 22.3 and 27.9 min, 
respectively.

Analysis by GC-MS

For analysis by GC-MS Shimadzu QP2010 Plus equipment, with a 
QP2010 Plus detector was used. The GC-MS was operated in full scan 



Citation: Mohapatra S, Pandey M (2015) Biodegradation of Hexachlorocyclohexane (HCH) Isomers by White Rot Fungus, Pleurotus florida. J 
Bioremed Biodeg 6: 280. doi:10.4172/2155-6199.1000280

Volume 6 • Issue 2 • 1000280
J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Page 3 of 7

mode (mass acquisition range m/z 40-450) using ionization energy of 
70 eV. The gas chromatograph was operated in split less mode with 
injector temperature of 250°C and ion source temperature of 200°C. A 
capillary column, Agilent DB-5ms (30 m × 0.25 mm i.d. 0.25 µm; sta-
tionary phase, 5% phenyl 95% methyl polysiloxane) was used for analy-
sis. The column oven temperature was initially maintained at 80°C with 
a hold time of 1 min and programmed at 2°C/min to 250°C withhold 
time of 5 min. Helium was used as carrier gas with a column flow rate 
of 1 mL min-1. The initial solvent cut time was 4 min. Under the above 
conditions retention times of α-HCH, γ-HCH, β-HCH, δ-HCH, were 
26.57, 29.06, 31.20 and 34.15 min, respectively. The retention time of 
the degradation products 1,3-dichlorobenzene; 1,2-dichlorobenzene; 
1,2,4-trichlorobenzene; 1,2,3-trichlorobenzene; 1,2,3,5-tetrachloro-
benzene; 1,2,4,5-tetrachlorobenzene; 1,2,3,4-tetrachlorobenzene, pen-
tachlorobenzene were 4.06, 4.15, 7.81, 9.61, 13.36 13.61, 16.81 and 
21.47 min, respectively. The MS spectrum was compared with NIST 
mass spectra data base and found to match more than 95% for each 
compound. 

Recovery study

Before carrying out extraction and analysis of inoculated samples 
a recovery study was carried by spiking Raper’s complete medium/soil 
with α-, γ-, β- and δ-HCH at a concentration of 0.01, 0.1 and 1.0 µg 
mL-1 (µg g-1). The method followed was the same as described above. 

Results 
Recovery of HCH isomers 

Recovery of α-, γ-, β- and δ-HCH from Raper’s complete medium 
and soil is given in Table 1. Recovery of all isomers was above 95% at 
all concentration levels with the RSD values within 2.3-7.3%. Analysis 
of HCH isomers at different levels showed that the calibration curve 
was linear in the concentration range of 0.01-1.0 μg mL-1 and the 
correlation coefficient, R2>0.99 for all the 4 analytes.

Degradation of HCH isomers in medium

The study conducted on the degradation of HCH isomers as 
individual treatment and as a mixture of isomers in the Raper’s complete 
medium showed that P. florida was capable of degrading all isomers of 
HCH, though γ-HCH degradation was faster than others. Within 10 
days of inoculation about 50% of the added γ-HCH had disappeared 
from the medium inoculated with P. florida. During this period about 
25-30% of both α- and δ-HCH had degraded from medium treated 
with the fungal culture as individual treatment. Degradation of β-HCH 
was comparatively faster with about 35% degradation during the initial 
10 days. When P. florida was inoculated to the medium containing 
mixture of all four isomers the degradation pattern was about the same 
as individual treatments during the initial 10 days (Table 2). After a 
period of 20 days major portion of the applied γ-HCH (about 97%) 

Level of 
spiking

Percent recovery of HCH isomers ± SD*
From medium From soil

  α-HCH β-HCH γ-HCH δ-HCH  α-HCH β-HCH γ-HCH δ-HCH
0.01 95.30 ± 5.68 94.57 ± 6.60 95.56 ± 7.32 96.32 ± 6.15 97.59 ± 5.74 95.72 ± 7.34 96.55 ± 6.63 96.17 ± 4.75
0.1 98.44 ± 4.41 96.92 ± 5.82 99.68 ± 4.85 98.45 ± 5.36 99.73 ± 5.38 98.20 ± 5.46 99.28 ± 5.08 98.83 ± 4.26
1 102.45 ± 4.08 101.35 ± 4.73 100.73 ± 3.77 101.93 ± 4.22 102.48 ± 4.09 100.05 ± 4.15 100.34 ± 2.32 100.76 ± 3.45

*Average of 5 replicates ± SD

Table 1: Recovery study of HCH isomers.

Days after 
treatment

HCH isomers recovered from inoculated samples (μg) ± SD*
From individual treatment From treatment as a mixture

  Uninoculated control  medium Mycelium Total Uninoculated control Medium Mycelium Total
  α-HCH 
0 99.53 ± 4.63 99.30 ± 2.95 - 99.30 ± 2.95 99.64 ± 4.05 99.48 ± 3.78 - 99.48 ± 3.78

10 95.06 ± 2.74 73.12 ± 5.63 - 73.12 ± 5.63 96.44 ± 2.58 75.66 ± 4.58 - 75.66 ± 4.58
20 91.74 ± 3.28 34.77 ± 3.04 2.91 ± 0.25 37.68 ± 3.29 92.80 ± 5.62 32.70 ± 3.25 9.98 ± 0.84 42.67 ± 4.10
30 89.22 ± 3.68 6.25 ± 0.52 2.74 ± 0.18 9.00 ± 0.70 90.74 ± 2.76 2.21 ± 0.14 2.4 ± 0.12 4.61 ± 0.26
  β-HCH 
0 99.65 ± 2.14 99.33 ± 4.48 - 99.33 ± 4.48 99.38 ± 4.40 99.02 ± 2.28 - 99.02 ± 3.65

10 96.78 ± 4.86 64.62 ± 5.47 - 64.62 ± 5.47 95.43 ± 2.82 68.50 ± 5.23 - 68.50 ± 5.23
20 92.33 ± 3.44 8.94 ± 0.56 3.23 ± 0.24 12.17 ± 0.8 91.90 ± 5.66 9.50 ± 0.84 2.62 ± 0.20 12.11 ± 1.04
30 90.48 ± 5.63 6.20 ± 0.42 2.57 ± 0.20 8.77 ± 0.62 90.73 ± 6.74 1.15 ± 0.10 0.43 ± 0.02 1.58 ± 0.12

  γ-HCH 

0 98.90 ± 2.23 99.35 ± 4.70 - 99.35 ± 4.70 99.05 ± 3.63 98.56 ± 2.83 - 98.56 ± 2.83
10 95.84 ± 4.82 48.46 ± 3.65 - 48.46 ± 3.65 95.21 ± 4.09 51.37 ± 4.09 - 51.37 ± 4.09
20 91.77 ± 5.78 2.37 ± 0.21 BDL 2.37 ± 0.21 91.96 ± 3.52 3.66 ± 0.28 BDL 3.66 ± 0.28
30 88.08 ± 2.86 BDL BDL BDL 89.85 ± 3.77 BDL BDL BDL
  δ-HCH
0 99.07 ± 3.68 98.77 ± 3.08 - 98.77 ± 3.08  99.20 ± 2.65 99.16 ± 4.45 - 99.16 ± 4.45

10 95.21 ± 2.96 69.84 ± 5.26 - 69.84 ± 5.26 96.51 ± 3.54 72.32 ± 6.52 - 72.32 ± 6.52
20 90.86 ± 3.44 30.03 ± 2.36 3.42 ± 0.25 33.45 ± 2.61 91.34 ± 5.00 35.80 ± 2.70 5.66 ± 0.33 41.46 ± 3.03
30 88.75 ± 2.12 8.60 ± 0.64 2.90 ± 0.15 11.50 ± 0.79  88.82 ± 5.74 0.64 ± 0.04 BDL 0.64 ± 0.04

* Average of 5 replicates ± SD; BDL: Below Detectable Limit.

Table 2: Degradation of alpha, beta, gamma and delta isomers of HCH individually and in combination by P. florida.
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had degraded whether treated individually or as a mixture with other 
isomers. The mycelium biomass from γ-HCH treated medium was also 
free from its residues. β-HCH, which is known to be highly stable in 
the environment, also degraded very fast, with about 91% being lost 
from the treated medium after 20 days. A small amount (3.23%) of 
β-HCH was found adsorbed by the mycelium. However degradation of 
other isomers, i.e. α- and δ-HCH was not as fast as the other 2 isomers. 
About 65% applied α-HCH was lost from medium when applied 
individually, with 2.91% accumulation in the mycelium. When treated 
in combination with other isomers 67.3% was lost from medium, but 
substantially high, about 10% was recovered from the mycelium. In 
case of δ-HCH about 35% was recovered from medium plus mycelium 
when treated individually and about 42% was recovered when treated 
in combination (Table 2).

After a period of 30 days complete degradation of γ-HCH 
had occurred from the treated medium both from individual and 
combination treatment with no accumulation in the mycelium. 
Residues of the other 3 isomers in the medium and mycelium together 
for α-, β- and δ-HCH were 8.99, 8.77 and 11.50%, respectively 
after 30 days when treated individually. These 3 isomers seemed 
to degrade faster when treated as a mixture compared to individual 
treatment. From combination treatment 4.6 and 1.58%, α- and 
β-HCH, respectively was recovered from medium and mycelium 
together. Only 0.46% added δ-HCH was recovered from medium and 
the mycelium was residue free from combination treatment after 30 
days. The results show that γ-HCH degradation was fastest among 
the 4 isomers and the degradation rate was not affected whether the 
treatment was carried out individually or in combination with other 
isomers. For the other isomers slightly faster degradation was observed 
in the initial stages from individual treatment. But after 30 days it 
had reversed, i.e. degradation of α-, β- and δ-HCH isomers was faster 

when they were treated in combination. But overall it was observed 
that P. florida not only degraded α- and γ-HCH, it degraded the more 
persistent β- and δ-isomers equally fast. The analysis of extracts from 
medium/mycelium did not show any additional peak corresponding 
to any of the metabolites mentioned above. This was also confirmed 
by analyzing the extracts by GC-MS. Degradation of HCH isomers in 
Raper’s complete medium is given in Figure 1.

Degradation of HCH isomers in soil

Degradation of HCH isomers was slow in soil without SMS 
compared to soil with SMS. It was also observed that there was 
difference in the rate of degradation of all isomers in the presence of 
SMS (Table 3). In the initial 30 days period there was no significance 
difference in the rate of degradation of all isomers. But after 40 days 
period about 12-17% of α-, β- and δ-HCH was lost from soil while 
about 38% γ-HCH was lost. After a period of 60 days about 61-67% 
γ-HCH was lost from soil with SMS compared to about 20-30% loss 
of the other isomers. In soil without SMS the loss of HCH residues 
were about 4-9% in 60 days. The experiment was repeated and a similar 
trend was observed (Table 4). Degradation of HCH isomers from soil 
is given in Figure 2. 

Dissipation kinetics of HCH isomers in soil

Residue dissipation of HCH isomers was studied by subjecting the 
data to first order kinetics; Ct=C0 e

-kt, where Ct is the concentration at 
time t; C0 is the initial concentration, k is the rate constant for dissipation 
and t is the time. The half-life was calculated from the k value using the 
formula; t1/2=ln(2)/k. It was observed that the dissipation of all HCH 
isomers followed first order rate kinetics. In soil without SMS the half-
life of degradation of α-, β- and δ-HCH was in the range of 748-828 
days. But when SMS was added to the soil it was substantially reduced 
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Days 
HCH isomers recovered from soil (μg) ± SD*

Control Control soil 
 Soil without SMS Soil with SMSAfter 

treatment soil (with SMS) 

  (without SMS)    α-HCH β-HCH γ-HCH δ-HCH  α-HCH β-HCH γ-HCH δ-HCH
0 ND ND 101.22 ± 5.33 99.71 ± 6.94 101.84 ± 4.83 100.53 ± 3.66 99.43 ± 5.85 99.78 ± 7.34 100.23 ± 4.72 100.75 ± 6.45
10 ND ND 100.86 ± 5.06 99.25 ± 4.22 101.46 ± 4.50 99.86 ± 3.18 97.35 ± 4.74 96.53 ± 6.55 96.66 ± 4.40 99.48 ± 6.11
20 ND ND 100.05 ± 4.75 98.83 ± 3.87 100.33 ± 4.26 99.43 ± 2.71 94.22 ± 4.65 92.74 ± 5.80 84.05 ± 4.26 95.74 ± 5.06
30 ND ND 99.73 ± 3.77 98.58 ± 3.24 99.63 ± 4.12 99.02 ± 2.54 89.73 ± 4.52 88.12 ± 4.53 79.17 ± 3.84 90.60 ± 4.52
40 ND ND 98.55 ± 3.04 97.57 ± 3.08 99.15 ± 3.75 98.74 ± 2.38 82.58 ± 4.08 87.54 ± 4.02 62.54 ± 3.32 88.80 ± 4.10
50 ND ND 96.38 ± 2.65 95.08 ± 2.74 93.36 ± 3.24 95.76 ± 1.94 72.49 ± 3.65 80.26 ± 3.83 45.32 ± 3.16 81.75 ± 3.62
60 ND ND 94.50 ± 2.52 92.77 ± 2.63 90.68 ± 3.04 93.24 ± 1.78 60.83 ± 3.54 62.55 ± 3.64 38.82 ± 2.45 64.16 ± 3.20

*Average of 5 replicates ± SD. ND: Not Detected.

Table 3: Degradation of HCH isomers in soil amended with spent mushroom substrate of Pleurotus florida (first study).

Days after 
treatment

HCH isomers recovered (μg) ± SD*

Control soil 
(without SMS)

Control soil 
(with SMS) 

Soil (without SMS) Soil (with SMS)
α-HCH β-HCH γ-HCH δ-HCH α-HCH β-HCH γ-HCH δ-HCH

0 ND ND 98.36 ± 7.51 100.23 ± 6.58 97.86 ± 5.24 100.22 ± 5.88 98.62 ± 4.56 100.53 ± 6.85 98.62 ± 4.78 101.30 ± 5.96
10 ND ND 97.24 ± 5.54 99.48 ± 6.14 97.33 ± 5.13 100.05 ± 5.73 96.90 ± 4.27 98.74 ± 4.78 97.32 ± 4.59 100.06 ± 5.76
20 ND ND 97.02 ± 5.26 97.71 ± 5.29 96.13 ± 4.76 99.25 ± 4.62 92.73 ± 3.28 95.34 ± 4.29 84.72 ± 4.52 98.62 ± 5.65
30 ND ND 96.38 ± 4.63 97.14 ± 5.10 95.72 ± 4.20 98.34 ± 4.28 90.04 ± 3.06 90.51 ± 3.82 71.38 ± 3.31 89.37 ± 5.43
40 ND ND 95.92 ± 4.21 96.28 ± 4.45 93.85 ± 3.48 97.65 ± 3.72 80.26 ± 2.78 88.38 ± 3.67 58.56 ± 3.26 85.25 ± 4.39
50 ND ND 95.23 ± 3.27 95.87 ± 4.16 92.34 ± 3.25 96.28 ± 3.63 75.40 ± 2.60 80.86 ± 3.45 44.85 ± 2.83 76.33 ± 2.72
60 ND ND 92.60 ± 3.20 94.76 ± 2.86 91.22 ± 2.56 94.08 ± 3.12 67.63 ± 2.48 70.18 ± 2.92 33.27 ± 2.76 62.75 ± 2.65

*Average of 5 replicates ± SD; ND: Not Detected.

Table 4: Degradation of HCH isomers in soil amended with spent mushroom substrate of Pleurotus florida (second study).
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Figure 2: Degradation of HCH isomers in soil with and without SMS (second study).
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to the range of 88-125 days. For γ-HCH SMS addition reduced the half-
lives from the range of 439-570 days to 37-42 days only. The half-life of 
degradation, regression equation and regression coefficients are given 
in Tables 5 and 6. 

Discussion 
In a study conducted using anaerobic bioreactor to degrade HCH 

isomers in soil slurry cultures it was observed that α- and γ-HCH 
completely degraded within 10 days; β- and δ-HCH were removed only 
after 50 days when applied at the concentration of 25-100 mg HCH 
kg-1 [18]. A Pseudomonas sp could readily degrade α-, β- and γ-HCH 
in a medium but degraded α- and γ-HCH in soil, but not β-HCH [19]. 
Biodegradation of HCH isomers in contaminated soils has been carried 
out using an isolate Pseudomonas aeruginosa ITRC-5. It was reported 
that the isolate could degrade > than 98% α- and γ-HCH, 76% δ-HCH, 
but only 17% β-HCH after 15 days [20]. From all the studies mentioned 
above it was evident that among the 4 HCH isomers α- and γ- are 
easily degraded, but not β- and δ-HCH. Whereas in the present study. 
P. florida degraded all isomers equally efficiently in medium, though 
γ-HCH degradation was faster compared to the rest. Ability of white-
rot fungus, Bjerkandera adusta to degrade HCH isomers has been 
studied in a soil slurry batch bioreactor [21]. The fungus significantly 
degraded the HCH isomers from the soil slurry in the following order: 
alpha ~ gamma>delta>beta -HCH. After a 30 day period 94.5%, 78.5% 
and 66.1% for γ-, α- and δ-HCH isomers, respectively degraded at 
an optimal condition of 100 g soil L-1 and 100 mg total HCH L-1. In 
a recent study nano scale Fe-Pd bimetallic particles have been used 
to dechlorinate lindane to form cyclohexane at a concentration of 5 
mg L-1 [22]. But complete degradation of lindane is not achieved. The 
present study in a Raper’s complete medium P. florida had the ability 
to degrade all isomers efficiently and the degradation is accelerated to 
some extent when all the isomers are added together. 

When the study was extended to soil with addition of spent 
mushroom substrate from Pleurotus florida cultivation the degradation 
of HCH isomers was not as fast as it was in the medium. But SMS 
addition could increase degradation of HCH isomers to some extent, 
with γ-HCH being degraded to the highest extent. When the fungus 
was directly added to a homogenous medium the inoculums were in 
a concentrated form and availability of the insecticide was also more 
which could have been used for its growth. Soil is a heterogeneous 
medium and only SMS was used where inoculums were less. This 
could have affected the degradation of HCH isomers. The build-up of 
the fungus on soil took time which was probably the reason for slow 

degradation of the HCH isomers in the initial stage. Nevertheless the 
half-life decreased from about 740 days to 106-125 days even for the 
most persistent β-HCH in the presence of SMS. 

Conclusions 
Though several researchers have reported degradation of HCH 

isomers using various substrates the ultimate aim has been to remove 
these persistent pesticides from the environment. Pseudomonas sp has 
been reported to degrade other isomers of HCH in soil but not β-HCH 
[19]. But in the present study when SMS from P. florida cultivation 
was amended with soil degradation of persistent isomers like α-, β- 
and δ-HCH was accelerated in addition to the less persistent γ-HCH. 
Large amount of SMS is left after harvest of mushroom. The SMS is 
composed of the mycelium of P. florida along with degraded straw. 
This fungus is able to grow on soil when the spent mushroom substrate 
(SMS) is mixed. Therefore it can be used for bioremediation of HCH 
contaminated sites.

Acknowledgements

The author thanks Director, Indian Institute of Horticultural Research, 
Bangalore, India for providing the facilities to carry out the work.

References

1.	 Breivik K, Pacyna JM, Münch J (1999) Use of alpha-, beta- and gamma-
hexachlorocyclohexane in Europe, 1970-1996. Sci Total Environ 239: 151-163.

2.	 Braun AM, Maurette MT, Oliverous E (1991) Photochlorination. In: Chichester J 
(ed.) Photochemical Technology. John Wiley and Sons, London. pp. 230-240. 

3.	 Villanneau E, Saby NP, Arrouays D, Jolivet CC, Boulonne L, et al. (2009) 
Spatial distribution of lindane in top soil of Northern France. Chemosphere 77: 
1249-1255.

4.	 Kristine LW, Etin MU, Ronald AH (1998) Differential toxicity and environmental 
fates of hexachlorocyclohexane isomers. Environmental Science and 
Technology, 32: 2197-2207. 

5.	 Middeldorp PJ, van Doesburg W, Schraa G, Stams AJ (2005) Reductive 
dechlorination of hexachlorocyclohexane (HCH) isomers in soil under 
anaerobic conditions. Biodegradation 16: 283-290.

6.	 Quintero JC, Moreira MT, Feijoo G, Lema JM (2005) Anaerobic degradation of 
hexachlorocyclohexane isomers in liquid and soil slurry systems. Chemosphere 
61: 528-536.

7.	 Kumar M, Chaudhary P, Dwivedi M, Kumar R, Paul D, et al. (2005) Enhanced 
biodegradation of beta- and delta-hexachlorocyclohexane in the presence of 
alpha- and gamma-isomers in contaminated soils. Environ Sci Technol 39: 
4005-4011.

8.	 Manickam N, Mau M, Schlömann M (2006) Characterization of the novel HCH-

Insecticide
Soil without SMS Soil with SMS

Regression Equation Regression Coefficient Half-life (days) Regression
 Equation

Regression 
Coefficient Half-life (days)

α-HCH Y= 5.003596-0.00038 X -0.90 794 Y=5.027056-0.00341 X -0.94 88
β-HCH Y=5.001929-0.00041 X -0.93 741 Y=5.019194-0.00284 X -0.90 106
γ-HCH Y=5.005843-0.00069 X -0.93 439 Y=5.050469-0.00718 X -0.97 42
δ-HCH Y=5.005046-0.00046 X -0.88 648 Y=5.026659-0.00278 X -0.89 108

Table 5: Rate of residue decay of HCH isomers in soil (first study).

Insecticide
Soil without SMS Soil with SMS

Regression Equation Regression 
coefficient Half-life (days) Regression equation Regression 

coefficient Half-life (days)

α-HCH Y= 4.993585-0.00036 X -0.93 828 Y=5.013331-0.00276 X -0.94 109
β-HCH Y=5.000843-0.00041 X -0.99 738 Y=5.019868-0.00241 X -0.95 125
γ-HCH Y=4.993056-0.00053 X -0.93 570 Y=5.055985-0.00803 X -0.97 37
δ-HCH Y=5.004205-0.00044 X -0.96 686 Y=5.03626-0.00329 X -0.89 91

Table 6: Rate of residue decay of HCH isomers in soil (second study).

http://www.ncbi.nlm.nih.gov/pubmed/10636769
http://www.ncbi.nlm.nih.gov/pubmed/10636769
http://www.ncbi.nlm.nih.gov/pubmed/19796788
http://www.ncbi.nlm.nih.gov/pubmed/19796788
http://www.ncbi.nlm.nih.gov/pubmed/19796788
http://www.lindane.org/_world/environment/environment.htm
http://www.lindane.org/_world/environment/environment.htm
http://www.lindane.org/_world/environment/environment.htm
http://www.ncbi.nlm.nih.gov/pubmed/15865152
http://www.ncbi.nlm.nih.gov/pubmed/15865152
http://www.ncbi.nlm.nih.gov/pubmed/15865152
http://www.ncbi.nlm.nih.gov/pubmed/16202806
http://www.ncbi.nlm.nih.gov/pubmed/16202806
http://www.ncbi.nlm.nih.gov/pubmed/16202806
http://www.ncbi.nlm.nih.gov/pubmed/15984776
http://www.ncbi.nlm.nih.gov/pubmed/15984776
http://www.ncbi.nlm.nih.gov/pubmed/15984776
http://www.ncbi.nlm.nih.gov/pubmed/15984776
http://www.ncbi.nlm.nih.gov/pubmed/16315057


Citation: Mohapatra S, Pandey M (2015) Biodegradation of Hexachlorocyclohexane (HCH) Isomers by White Rot Fungus, Pleurotus florida. J 
Bioremed Biodeg 6: 280. doi:10.4172/2155-6199.1000280

Volume 6 • Issue 2 • 1000280
J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Page 7 of 7

degrading strain, Microbacterium sp. ITRC1. Appl Microbiol Biotechnol 69: 580-
588.

9. Ohisa N, Yamaguchi M, Kurihara N (1980) Lindane degradation by cell-free
extracts of Clostridium rectum. Arch Microbiol 125: 221-225.

10.	Okeke BC, Siddique T, Arbestain MC, Frankenberger WT (2002) Biodegradation 
of gamma-hexachlorocyclohexane (lindane) and alpha-hexachlorocyclohexane 
in water and a soil slurry by a Pandoraea species. J Agric Food Chem 50: 2548-
2555.

11. Bachmann A, Walet P, Wijnen P, de Bruin W, Huntjens JL, et al. (1988)
Biodegradation of alpha- and beta-hexachlorocyclohexane in a soil slurry under 
different redox conditions. Appl Environ Microbiol 54: 143-149.

12.	Mcternan WF, Pereira JA (1991) Biotransformation of lindane and 2,4-D in
batch enrichment cultures. Water Research, 25: 1417-1423. 

13.	Buser HR, Muller MD (1995) Isomer and enantioselective degradation of
hexachlorocyclohexane isomers in sewage sludge under anaerobic conditions. 
Environmental Science and Technology, 29: 664-672. 

14.	Kennedy DW, Aust SD, Bumpus JA (1990) Comparative biodegradation of
alkyl halide insecticides by the white rot fungus, Phanerochaete chrysosporium 
(BKM-F-1767). Applied and Environmental Microbiology, 56: 2347-235. 

15.	Mougin C, Pericaud C, Dubroca J (1997) Enhanced mineralization of lindane
in soils supplemented with the white rot basidiomycete Phanerochaete
chrysosporium. Soil Biology Biochemistry, 29: 1321-1324. 

16.	Nagpal V, Srinivasan MC, Paknikar KM (2008) Biodegradation of Î³-
hexachlorocyclohexane (Lindane) by a non-white rot fungus conidiobolus 03-1-
56 isolated from litter. Indian J Microbiol 48: 134-141.

17.	Rigas F, Papadopoulou K, Philippoussis A, Papadopoulou M, Chatzipavlidis
J (2008) Bioremediation of Lindane Contaminated Soil by Pleurotus ostreatus
in Non Sterile Conditions Using Multilevel Factorial Design. Water, Air Soil
Pollution, 197: 121-129. 

18.	Quintero JC, Moreira MT, Lema JM, Feijoo G (2006) An anaerobic bioreactor
allows the efficient degradation of HCH isomers in soil slurry. Chemosphere 
63: 1005-1013.

19.	Sahu SK, Patnaik KK, Bhuyan S, Sethunathan N (1993) Degradation of soil-
applied isomers of hexachlorocyclohexane by a Pseudomonas sp. Soil Biology 
and Biochemistry, 25: 387-391. 

20.	Gupta MK, Garg SK, Kumar A (2006) Biodegradation of hexachlorocyclohexane 
isomers in contaminated soils. Soil Biology and Biochemistry, 38: 2318-2327. 

21.	Quintero JC, Lu-Chau TA, Moreira MT, Feijoo G, Lema JM (2007) Bioremediation 
of HCH present in soil by the white-rot fungus Bjerkandera adusta in a slurry
batch bioreactor. International Biodeterioration and Biodegradation, 60: 319-
323. 

22.	Nagpal V, Bokare AD, Chikate RC, Rode CV, Paknika, KM (2010) Reductive
dechlorination of gamma-hexachlorocyclohexane using Fe-Pd bimetallic
nanoparticles. Journal of Hazardous Materials, 177: 1170-1174.

http://www.ncbi.nlm.nih.gov/pubmed/16315057
http://www.ncbi.nlm.nih.gov/pubmed/16315057
http://www.ncbi.nlm.nih.gov/pubmed/6155109
http://www.ncbi.nlm.nih.gov/pubmed/6155109
http://www.ncbi.nlm.nih.gov/pubmed/11958620
http://www.ncbi.nlm.nih.gov/pubmed/11958620
http://www.ncbi.nlm.nih.gov/pubmed/11958620
http://www.ncbi.nlm.nih.gov/pubmed/11958620
http://www.ncbi.nlm.nih.gov/pubmed/2449868
http://www.ncbi.nlm.nih.gov/pubmed/2449868
http://www.ncbi.nlm.nih.gov/pubmed/2449868
http://www.sciencedirect.com/science/article/pii/004313549190120F
http://www.sciencedirect.com/science/article/pii/004313549190120F
http://pubs.acs.org/doi/abs/10.1021/es00003a013
http://pubs.acs.org/doi/abs/10.1021/es00003a013
http://pubs.acs.org/doi/abs/10.1021/es00003a013
http://www.researchgate.net/publication/223743871_Enhanced_mineralization_of_lindane_in_soils_supplemented_with_the_white_rot_basidiomycete_Phanerochaete_chrysosporium
http://www.researchgate.net/publication/223743871_Enhanced_mineralization_of_lindane_in_soils_supplemented_with_the_white_rot_basidiomycete_Phanerochaete_chrysosporium
http://www.researchgate.net/publication/223743871_Enhanced_mineralization_of_lindane_in_soils_supplemented_with_the_white_rot_basidiomycete_Phanerochaete_chrysosporium
http://www.ncbi.nlm.nih.gov/pubmed/23100707
http://www.ncbi.nlm.nih.gov/pubmed/23100707
http://www.ncbi.nlm.nih.gov/pubmed/23100707
http://link.springer.com/article/10.1007%2Fs11270-008-9795-8
http://link.springer.com/article/10.1007%2Fs11270-008-9795-8
http://link.springer.com/article/10.1007%2Fs11270-008-9795-8
http://link.springer.com/article/10.1007%2Fs11270-008-9795-8
http://www.ncbi.nlm.nih.gov/pubmed/16288798
http://www.ncbi.nlm.nih.gov/pubmed/16288798
http://www.ncbi.nlm.nih.gov/pubmed/16288798
http://repository.ias.ac.in/47790/
http://repository.ias.ac.in/47790/
http://repository.ias.ac.in/47790/
http://envismadrasuniv.org/Bioremediation/pdf/Biodegradation of hexachlorocyclohexane.pdf
http://envismadrasuniv.org/Bioremediation/pdf/Biodegradation of hexachlorocyclohexane.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction 
	Materials and Methods 
	Chemicals  
	Standard solution  
	Pleurotus florida 
	In vitro degradation of HCH isomers  
	Degradation of HCH isomers in soil 
	Extraction of HCH isomers in medium 
	Extraction of HCH isomers in soil 
	Analysis by GC 
	Analysis by GC-MS 
	Recovery study 

	Results  
	Recovery of HCH isomers  
	Degradation of HCH isomers in medium 
	Degradation of HCH isomers in soil 
	Dissipation kinetics of HCH isomers in soil 

	Discussion  
	Conclusions 
	Acknowledgements 
	Table 1
	Table 2
	Figure 1
	Table 3
	Table 4
	Figure 2
	Table 5
	Table 6
	References

