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species, but their activity decreased markedly at  lower 
concentrations (100 and 10 ppm). Compounds IVb, C, and 
g exhibited antifungal activity of the order of Dithane M-45 
(a commercial fungicide) at  1000 ppm and inhibited 
45-52% growth of both the test fungi even at  10 ppm. 
However, compound IIIa was far less active than its suc- 
cessor IVa. 

Perusal of the screening data (Table 111) clearly indicates 
that there was significant alteration in the antifungal ac- 
tivity with the change in the relative positions of the 
substituents on phenyl ring. For example, compounds IV 
bearing the o-fluoro group were more active than the 
corresponding IV with the p-fluoro group. Similarly, the 
2-chloro group was more effective than the 4-chloro group. 
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Deltamethrin Residues in an Organic Soil under Laboratory Conditions 
and Its Degradation by a Bacterial Strain1 

Shahamat U. Khan,* Ram M. Behki, Richard I. Tapping, and M. Humayoun Akhtar 

An organic soil was treated with the insecticide deltamethrin [ (S)-cu-cyano-3-phenoxybenzyl cis- 
(1R,3R)-2,2-dimethyl-3-(2,2-dibromovinyl)cyc~opropan~bo~late] labeled with '% at the methyl position 
at  a level of 10 mg/kg for a laboratory incubation study. At  the end of a 40-month incubation period 
the extractable and nonextractable (bound) 14C residues amounted to 19.5% and 16.3%, respectively, 
of the initially added 14C. The bound residues were characterized as the parent compound and its 
metabolite [3-(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarboxylic acid]. The microbial population 
including bacteria, actinomycetes, and fungi decreased considerably from the initial numbers. A bacterial 
species capable of utilizing deltamethrin as a sole source of carbon was isolated by enrichment from 
the incubated soil. 

In recent years, the synthetic pyrethroid deltamethrin 
[ (S)-a-cyano-3-phenoxybenzyl cis-(lR,3R)-2,2-dimethyl- 
3-(2,2-dibromovinyl)cyclopropanecarboxylate] has become 
of great interest for use in crop protection because it is very 
effective in controlling a wide range of insects in agriculture 
at  very low application rates (FAO, 1981). The increased 
use of this chemical for application to vegetable and field 
crops requires periodic assessment of its residues behavior 
and fate in soil. Recent studies have indicated a half-life 
of deltamethrin in mineral soils in the range of 1-8 weeks 
(Chapman et al., 1981; Miyamoto and Mikami, 1983; Hill, 
1983), and the degradation appears to be mainly mediated 
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by soil microorganisms (Kaufman et al., 1981; Chapman 
et al., 1981). In organic soils, the degradation of deltam- 
ethrin was found to be slower under the anaerobic than 
aerobic conditions (Zhang et al., 1984). A half-life of 
deltamethrin of 72 days was observed under aerobic con- 
ditions in an organic soil (Zhang et al., 1984). 

It has been suggested that pyrethroids or their metab- 
olites will not persist for lengthy periods in soil (Miyamoto 
and Mikami, 1983). Buildup of bound (nonextractable) 
residues has been observed to take place in the short term 
in soil (Roberts, 1981), but bound residues are considered 
to be degraded further (Roberts, 1981; Miyamoto and 
Mikami, 1983). Previously we reported a steady increase 
in the formation of bound 14C residues over a 6-month 
incubation period of an organic soil treated with radio- 
labeled deltamethrin (Zhang et al., 1984). It was also 
observed that the bacteria and actinomycetes number in- 
creased by a factor of approximately 4, whereas the fungal 
population remained relatively unaffected (Zhang et al., 
1984). The present work extends these investigations to 
determine the fate of deltamethrin in the organic soil in 
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laboratory incubation experiments after more than 3 years. 
The study also describes the isolation of bacteria from the 
incubated soil that utilized deltamethrin as a sole source 
of carbon for growth and degraded the insecticide to 3- 
(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarboxylic 
acid (Br2CA). 
MATERIALS AND METHODS 

Chemicals. Deltamethrin ( [I4C]methyl labeled) was a 
gift from Roussel-Uclaf-Procida through its subsidiary 
Hoechst of Canada Ltd. The radiochemical purity and 
specific activity of deltamethrin were 98% and 56 mCi/ 
"01, respectively. A portion of the radiolabeled material 
was mixed with unlabeled deltamethrin and the resultant 
mixture dissolved in acetone to give a concentration of 484 
rg/mL. 

Soil Incubation Experiment. An organic soil (500 g, 
air dry) described earlier (Zhang et al., 1984) was incubated 
with labeled (10.3 pCi) and unlabeled deltamethrin at  an 
insecticide concentration of 10 mg/kg. The moisture 
content of the soil was initially adjusted to 70% of field 
capacity and maintained at  this level by adding distilled 
water as necessary. The incubation was carried out in a 
soil flask (Loss et al., 1980) for a period of about 40 months 
under the experimental conditions described earlier (Zhang 
et al., 1984). 

Determination of Residues. At the end of a 40-month 
incubation period of microbial population, extractable and 
nonextractable (bound) residues in soil samples were de- 
termined as described in an earlier publication (Zhang et 
al., 1984). 

Determination of Radioactivity. Combustion of dried 
soil was done in a Packard sample oxidizer, Model 306, to 
produce 14C02. The latter was absorbed in and admixed 
with appropriate volume of Carbesorb and Permafluor-V. 
Aliquots of various solutions or extraction were analyzed 
by liquid scintillation counting. 

Chromatography and Analysis. Column chroma- 
tography, thin-layer chromatography (TLC), and gas 
chromatographic (GC) analyses were carried out as de- 
scribed earlier (Zhang et al., 1984). 

Enrichment Cultures and Bacterial Isolation. Soil 
sample (2.0 g) after the incubation period described above 
was placed in an Erlenmeyer flask to which 0.5 mL of 
acetone containing 300 pg of deltamethrin was added. The 
solvent was allowed to evaporate, and the soil was thor- 
oughly mixed. Ten milliliters of sterile basal minimal salts 
nitrogen medium (BMN) containing 0.07 % cycloheximide 
(Behki and Khan, 1986) was added, and the suspension 
was incubated with continuous shaking a t  29 "C for 10 
days. Three successive dilutions (0.5 mL into 10 mL) of 
the suspension into BMN-cycloheximide-deltamethrin 
were made every 10 days. Finally 0.1 mL of the aliquot 
was spread onto BMN-deltamethrin-agar plates. After 
incubation at  29 "C for 1 week five fast-growing single 
colonies on the plates were picked up and purified by 
streaking on BMN-deltamethrin-agar plates. Five puri- 
fied uniform single colonies were obtained after four 
passages on agar plates containing deltamethrin. Each of 
the isolate could grow on deltamethrin as the sole source 
of carbon and energy as tested in liquid BMN-deltam- 
ethrin medium. 

The shape and morphology of the bacterial isolates were 
determined by phase-contrast microscopy. Further 
characterization, including the determination of the con- 
stituents of the cell wall, were carried out as suggested by 
Keddie and co-workers (1977, 1981). 

Biodegradation and Utilization of Deltamethrin by 
the Cells. Purified cells were suspended in BMN medium 
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Table I. Extractable and Nonextractable (Bound) W 
Residues in an Aerobically Incubated Organic Soil Treated 
with ["CIDeltamethrin. 

% of applied "C 
incubn time, months extractable bound 

3" 72.5 11.0 
6" 
40 

"Zhang et al. (1984). 

59.0 
19.5 

19.2 
16.3 

Table 11. Extractable "C Residues in an Aerobically 
Incubated Organh Soil Treated with ["CIDeltamethrin 

70 of aeelied 14C 
incubn time, ~ deltameth- 

months deltamethrin Br2CA rin/Br2CA 
3" 32.9 29.6 1.1 
6" 21.4 17.4 1.2 
40 8.9 6.0 1.5 

"Zhang et al. (1984). 

containing deltamethrin (30 pg/mL) and glucose (500 
rg/mL). The cultures were incubated with continuous 
shaking for 2 weeks a t  28 "C. 

Analysis of Deltamethrin and Its Metabolites. An 
aliquot of the medium (1.0 mL) was extracted with 
benzene (3.0 mL X 3). The extract was then analyzed as 
described earlier. 
RESULTS AND DISCUSSION 

The total radioactivity recovered in the soil at  the end 
of the 40-month incubation period amounted to about 
35.8% of that initially applied. The disappearance of I%O2 
released during the incubation period was small (2.6% 14C 
of the initially added), thereby indicating very little min- 
eralization. It appears that the loss of most of the radio- 
carbon occurred due to the evolution of some volatile 
degradation products during the incubation. By the end 
of the incubation period it was observed that 54.0% and 
44.6% of 14C of the total 14C recovered were present as 
extractable and bound residues, respectively. The latter 
corresponded to 16.3% of the 14C added at the start of the 
incubation experiment (Table I). In an earlier study it 
was shown that the amount of bound 14C residues formed 
at  the end of about 6 months of incubation was 19.2% of 
the initially added I4C (Zhang et al., 1984). These obser- 
vations demonstrate that only a small decrease in the 
amount of bound '4c residues formed in the methyl-labeled 
deltamethrin treated soil occurred over a further period 
of incubation of 34 months. However, during the same 
period the extractable 14C residues decreased from 59.0% 
to 19.6% of the initially added 14C. 

material by a combination 
of preparative and analytical TLC and finally by GC re- 
vealed the presence of deltamethrin and BR2CA in 
measurable amounts (Table 11). Thus, by the end of 40 
months of incubation, the extractable '% constituted about 
8.9% and 6.0% of the initially added 14C in the form of 
deltamethrin and Br2CA, respectively. The band on silica 
gel TLC plates corresponding to Rf 0.3-0.7 (viewed under 
UV light) was removed free from the glass support, ex- 
tracted with methanol, derivatized with freshly prepared 
diazomethane, and finally analyzed by GC. A small peak 
at a retention time of 1.8 min corresponding to the methyl 
ester of 3-phenoxybenzoic acid (PBacid) appeared, but the 
amount was too small to be quantitated. Some other ra- 
diolabeled products that appeared on TLC plates could 
not be identified because of their low concentrations. 
Proportions of extractable 14C present in the form of 

Analysis of the extracted 
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Table 111. Microbial Population in an Aerobically 
Incubated Organic Soil Treated with r“C1Deltamethrin 

incubn time, fungi (XlO), bacteria and actionomycetes 
months numbers/g (xW),  colonies/g 

0” 6.1 1.8 
3” 6.4 5.3 
6“ 6.6 7.8 

40 0.6 0.2 

“Zhang et al. (1984). 

deltamethrin and Br&A at different time intervals are 
shown in Table 11. It is apparent that the parent com- 
pound deltamethrin was more persistent than the me- 
tabolite Br2CA under the experimental conditions de- 
scribed. I t  should be noted that about 10-20% of the 
extractable radioactivity after different incubation periods 
could not be identified by the experimental techniques 
used in this study (Table 11). 

The identification of the bound 14C residues was carried 
out by the high-temperature distillation technique (HTD) 
using acetone, methanol, and Carbosorb as the trapping 
solutions (Zhang et al., 1984). Amounts of 14C trapped in 
these solutions were 21.0% , 3.8% , and 6.5% (I4CO2) of the 
total bound 14C whereas about 50.3% 14C was present in 
the burned solid material left after HTD as described 
earlier (Zhang et al., 1984). The 14C material in acetone 
and methanol was subjected to various cleanup procedures 
and analyzed by TLC and GC to determine the identities 
of the 14C compounds as described earlier (Zhang et al., 
1984). We were able to recover after extensive cleanup 
about 72.0% of the total 14C material present in acetone 
and methanol traps for final identification. It was observed 
that deltamethrin and Br2CA were present as the main 
compounds constituting 1.1% 14C and 0.06% 14C, respec- 
tively, of the initially added radiolabeled deltamethrin in 
the soil. A trace amount of PB acid was also suspected 
to be present, but its identity could not be positively 
confinned because of the low amounts. It should be noted 
that a substantial amount of bound 14C remained un- 
identified under the experimental conditions used in this 
study. 

The changes in the microbial population of soil treated 
with deltamethrin are shown in Table III. It was observed 
earlier that numbers of bacteria and actinomycetes in- 
creased steadily over the first &month period in the treated 
soil whereas no appreciable change occurred in the un- 
treated soil (Zhang et al., 1984). However, the number was 
considerably reduced in the treated soil at the end of a 
40-month incubation period (Table 111) and increased in 
the control soil (9 X 10s colonies/g). Although the fungal 
population remained relatively unaffected during the first 
6-month incubation period, it decreased almost 10 times 
in the treated and 7 times (0.9 X lo4 numbers/g) in the 
control soil at the end of 40 months (Table 111). 

All of the five bacterial isolates growing on BMN-del- 
tamethrin-agar plates showed similar characteristics and 
appeared to belong to the same genus. They were gram- 
positive nonmotile, pleomorphic long rods. On a stationary 
phase the cells were coccoid and reverted to rods when 
subcultured in fresh nutrient broth. The cell wall sugars 
were predominantly arabinose and galactose. The cell wall 
preparations also contained diaminopomelic acid as a 
major constituent. The isolates were tentatively assigned 
to the Rhodococcus group. 

The isolates utilized deltamethrin as a sole source of 
carbon and energy. Disappearance of deltamethrin after 
1 and 2 weeks of incubation is shown in Table IV. In the 
absence of bacterial isolates, nearly quantitative recoveries 

Table IV. Deltamethrin Degradation by Bacterial Cultures 
in a BMN Medium 

% deltamethrin % deltamethrin 
metabolized metabolized 

culture 1 week 2 weeks culture 1 week 2 weeks 
~~ 

1 35.7 59.7 4 41.3 64.8 
2 43.2 64.2 5 44.4 72.5 
3 41.0 64.1 

(90-97%) of deltamethrin were obtained. The main 
product formed after incubation was Br2CA. 

Our studies demonstrate a long-term persistence of 
deltamethrin and ita metabolites in an organic soil. The 
results show that about 16% of the initially applied ra- 
dioactivity was present in the soil in the bound (nonex- 
tradable) form even after more than 3 years of incubation, 
and this bound radioactivity still contains the parent 
pesticide as well as its metabolites. Obviously, analysis 
of the extractable residues alone cannot be considered as 
a valid criterion to determine the long-term persistence 
of deltamethrin in soils. While it is generally assumed that 
soil microorganisms play a major role in the degradation 
of pyrethroids, we have isolated a bacterial species from 
a soil capable of utilizing deltamethrin as a sole source of 
carbon. Further research is under way to determine the 
intracellular localizations of genes responsible for this 
degradation. 
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