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II. PROCEDURE FOR ANALYSIS 

A. Chemicals 

The organochlorine pesticide endosulfan and its metabolites 
were purchased from Dr. Erhenstorfer GmbH. The pesticides 
and the metabolites studied include -endosulfan, -
endosulfan, endosulfan sulfate, endosulfan diol, and 
endosulfan ether and endosulfan lactone. Commercial 
endosulfan was purchased from a local market. All other 
reagents used were of the highest analytical grade and were 
employed without further purification. 

B. Soil Properties and Soil Studied 

Soil A which contains clay 29%, silt 31%, sand 40%, 
organic matter 2.45% at pH 6.76 was taken from Kurupelit 
Campus of Ondokuz Mayis University and Soil B which 
contains clay 34%, silt 19%, sand 46%, organic matter 1.53% 
at pH 7.85 was taken from Atakum Region Collected soils 
were air dried at room temperature and sieved through a 2 mm 
screen. Solutions for batch tests with concentrations ranging 
between 1.25-5.00 gL-1 were prepared with commercial 
endosulfan (Korsulfan, 35%WP). 60 ml test solutions were 
added to 150 g of each soil and mixed thoroughly. After air 
drying for 24-48 h, the soils were pulverized and used for 
degradation studies. 

C. Growing Bacteria 

In this study, each of Nocardia isolates was grown 
separately in nutrient broth medium at 30 C for a week. The 
cultures were transferred in proportion 10% to a mineral 
medium prepared as (KH2PO4, 2.3 g; Na2HPO4, 2.7 g; NH4Cl, 
1.0 g; MgSO47H2O, 0.5 g; NaHCO3, 0.4 g; CaCl22H2O, 
0.01 g; Fe(NH4) citrate, 0.05 g; dissolved in 980 ml of distilled 
water and the medium pH was adjusted to 6.8). 

D. Biodegradation of Endosulfan in Soil 

Degradation of endosulfan was performed in a set of 500 ml 
Erlenmeyer flasks containing 150 g soil spiked with technical 
grade endosulfan dissolved in water. The specified 
concentrations of endosulfan were added to the set of all soil. 
The study was performed with the different endosulfan 
concentrations. As a result, 2.50 g/L, 2.50 g/L, 5.00 g/L, 5.00 
g/L, 2.50 g/L and 5.00 g/L endosulfan solutions were added to 
the soils as namely 2A, 5A,7B, 10B, 3A and 8B, respectively. 
Inoculated and uninoculated mineral mediums were mixed 
with soil and incubated at 30C. To set 2A and 7B inoculated 
45 ml mineral medium containing Nocardia isolate EL025, 
and to set 5A and 10B inoculated 45 ml mineral medium 
containing Nocardia isolate EL045 were added and mixed. In 
soil 2A and 7B indigenous soil microorganisms and Nocardia 
isolate EL025 and in soil 5A and 10B indigenous soil 
microorganisms and Nocardia isolate EL025 degradation 
capacity of endosulfan were investigated. To investigate only 
the indigenous soil microorganisms’ degradation capacity of 
endosulfan, 45 ml uninoculated mineral medium were added 
to the soils 3A and 8B. 

E. Extraction and Analysis of Soil Applied Endosulfan 

Soil samples were taken weekly for two months. Soil 
samples were prepared for sox let extraction by using USEPA 
Method 3500 and USEPA Method 3540. Each soil sample (5 
g) was spiked with internal standards: 2, 4, 5, 6-Tetrachloro-
m- xylene and decachlorobiphenyl. These standards were used 
to quantify the overall recovery of the procedures. Soil 
samples were sox let extracted for 16-24 hours with 200 ml 
hexane- acetone (1:1, v/v). The extracts were combined and 
concentrated to about 10 ml using a rotary evaporator and 
were evaporated to 1-2 mL in a water bath. Florisil clean-up 
(USEPA Method 3620) was employed to sample extracts. The 
cleanup and fraction were performed by passing the extract 
through a Florisil (20 g) column which had been activated. 
From this column three fractions were collected and all the 
fractions were concentrated about 1 ml. After concentration, 
endosulfan and its metabolites in the extract were determined 
by a GC/ECD system (Fisions HRGC Mega Series II). 

F. Analytical Techniques 

The instrument for gas chromatography was a Fisions 
HRGC Mega Series II with equipped with electron capture 
detector (ECD) and a DB-5 capillary column. The oven 
temperature was programmed for an initial temperature of 180 
C (hold 2 min) and raised to 250 C (hold 2 min) at 10 min-1 

and then finally raised to 270 C (hold 2 min) at 20 min-1. The 
temperature of injector port and the detector block was 
maintained at 250 C and 300 C, respectively. Under these 
analytical conditions, the retention times for α-endosulfan, β-
endosulfan, endosulfan sulfate, endosulfan ether, and 
endosulfan diol and endosulfan lactone were 10.85, 12.22, 
13.27, 7.80, 8.35 and 9.81 min, respectively (Fig. 2). 

III. RESULTS AND DISCUSSION 

Soil moisture content and soil temperature are the two most 
influential factors on the degradation rates and patterns of both 
α- and β-endosulfan isomers, as well as on the formations and 
dissipation of their primary degradation product endosulfan 
sulfate [12], [14], [15]. Our experiments were performed at 
optimum soil moisture content (70% for soil A, 55% for soil 
B) and optimum soil temperature (30 ˚C). The degradation of 
endosulfan in the soil was determined by monitoring its 
metabolites. A sequential identification of the primary and 
secondary metabolic products enabled us to elucidate the 
metabolic pathways utilized for the degradation of this 
pesticide. These results suggest that Nocardia isolates process 
two major enzymatic activities oxidation and hydrolysis that 
participate in the metabolism of this compound. Microbial 
degradation of both α-endosulfan and β-endosulfan were 
observed for ten weeks. Substantial (nearly 50%) degradation 
of the α-endosulfan was seen in two weeks for all soil samples 
except uninoculated soil 3A and almost in all of the soil 
samples 80% of endosulfan was the degraded by the tenth 
week. 
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the degradation, the formation of endosulfan sulfate was much 
higher than that of the formation of endosulfan diol. Under 
inoculated conditions, the degradation of endosulfan isomers 
was increased and this could be due to high bioavability of 
endosulfan. The results showed that Nocardia spp. can be 
effectively used for the treatment of endosulfan contaminated 
water and soil and they have valuable applications for 
endosulfan degradation in polluted sites.  
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