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Degradation of Methyl Parathion by a Mixed Bacterial Culture and a 
Bacillus sp. Isolated from Different Soils 

Li-Tse Ou* and Ani1 Sharma' 

Soil Science Department, University of Florida, Gainesville, Florida 32611 

A mixed bacterial culture and a Bacillus sp. capable of degrading methyl parathion (MP) were iso- 
lated from different soils. Although both cultures extensively degraded MP to its final oxidation 
products, CO, and H,O, the mixed culture degraded MP only in the presence of a second carbon 
source such as glucose or yeast extract. None of the isolates could individually degrade the chemical. 
A Pseudomonas sp. isolated from the mixed culture was found to have capacity to  degrade p-nitro- 
phenol, which is the hydrolysis product of MP. The Bacillus sp. utilized MP as a sole source of car- 
bon for growth. Possible implications of our findings with respect to the microbial degradation of 
MP in soil are discussed. 

Methyl parathion (0,O-dimethyl o-p-nitrophenyl phos- 
phorothioate, MP) has been increasingly used as an insec- 
ticide since the 1970s in place of an analogous chemical, 
parathion (0,O-diethyl 0-p-nitrophenyl phosphorothio- 
ate). However, information on microbial degradation and 
fate of MP in the environment is not as extensively avail- 
able as for parathion. It was reported as early as 1973 
that three soil bacteria, a Bacillus sp. and a Pseudomo- 
nas sp. (Siddaramappa et  al., 1973), and a Flavobacte- 
rium sp. (Sethunathan and Yoshida, 1973), hydrolyzed 
parathion to p-nitrophenol (PNP). A number of bacte- 
ria capable of hydrolyzing parathion, including a mixed 
bacterial culture (Munnecke and Hsieh, 19741, an 
Arthrobacter sp. and a Bacillus sp. (Nelson, 1982), and 
Pseudomonas diminuta (Serdar e t  al., 1982) were sub- 
sequently reported. In contrast, brief mention of a strain 
of Bacillus subtilis capable of degrading MP was reported 
in a 1977 review article by Laveglia and Dahm (1977). 
An aquatic bacterium, a Flavobacterium sp., when grown 
in nutrient broth, also degraded MP (Lewis e t  al., 1985). 
However, it  was not clear whether the degradation was 
simply a hydrolysis process or proceeded beyond the 
hydrolysis step. A Pseudomonas sp., which possessed 
an organophosphate-degradinggene similar t o  those 
reported for P.diminuta and a Flavobacterium sp. (Ser- 
dar e t  al., 1982), was reported by Chaudhry et  al. (1988). 
The organism hydrolyzed both MP and parathion to PNP. 
Microorganisms that utilize MP as a sole source of car- 
bon and energy for growth have not been reported to 
date. 

In this study, we have isolated from soil a mixed bac- 
terial culture and a Bacillus sp. capable of mineralizing 
MP to carbon dioxide. The Bacillus sp. utilized MP as 
a sole source of carbon for growth. We have also inves- 
tigated the degradation pathways of MP by both the axenic 
culture and the mixed culture. In addition, we have inves- 
tigated a bacterium, isolated from the mixed culture, that  
degrades PNP. 

MATERIALS AND METHODS 

Chemicals. Uniformly ring-labeled ['4C]methyl parathion 
(MP) was purchased from California Bionuclear Corp. (Sun Val- 
ley, CA), with a specific activity of 65 MBq/mmol. The labeled 
chemical was purified by preparative thin-layer chromatogra- 
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phy (TLC) to better than 98% radiopurity. Uniformly ring-la- 
beled [14C]-p-nitrophenol (PNP) was prepared by alkaline hydrol- 
ysis of purified [14C]MP as described previously by Ou (1985). 
Analytical-grade MP (99.9%), analytical-grade parathion (99.1%), 
analytical-grade EPN (0-ethyl O-(Cnitrophenyl) phenylphospho- 
nothioate, 98.5%), and technical-grade fenitrothion (0,O-di- 
methyl 0-(3-methy1-4nitrophenyl) phosphorothioate, 95.1 %) were 
obtained from the Environmental Protection Agency (Research 
Triangle Park, NC). Technical-grade MP (80%) was provided 
by Monsanto Chemical Co. (St. Louis, MO). Our sample of 
technical-grade MP also contained 17% xylene and 3% unknowns. 
Before use, xylene in the technical-grade MP was allowed to 
evaporate. Thus, the technical-grade MP, when used, was bet- 
ter than 95% purity. Analytical-grade PNP (99%) was pur- 
chased from Eastman Kodak Co. (Rochester, NY). 

Soils and the Enrichment of MP-Degrading Microor- 
ganisms. Arredondo fine sand (Grossarenic Paleudult) and Cecil 
sandy loam (Typic Hapludult) were used for this study. The 
Arredondo soil consisted of 1.7% of organic C at pH 5.5; and 
the Cecil soil had 0.9% organic C with pH 5.6. Key properties 
of the two soils have been reported previously (Ou et al., 1978, 
1985). 

For enrichment of MP-degrading microorganisms in Arredondo 
and Cecil soils, technical-grade MP was initially applied to the 
two soils (100 g) at a concentration of 10 pg/g. The soil-water 
contents for Arredondo soil and Cecil soil were maintained at 
0.08 and 0.10 mL/g, respectively. MP was then continuously 
applied at an interval of 2-3 weeks, and the amount of chemi- 
cal added was gradually increased. At  the final application, 
MP was applied at a concentration of 50 Mg/g. After 4 months 
of incubation at room temperature (20-24 "C), 10 g of each sam- 
ple were transferred to 100 mL of sterile basal mineral medium 
in 250-mL Erlenmeyer flasks, with or without supplement by 
glucose (500 wg/mL). The basal mineral medium consisted of 
(per liter of deionized water) 4.8 g of K2HP04, 1.2 g of 

CaCl,, and 0.001 g of Fe,(SO,),. The flasks were incubated in 
an environmental rotary shaker at 200 rpm and at 25 "C. MP 
concentration in the basal mineral medium was 50 rg/mL. Once 
every 3 weeks, 10 mL from each sample was transferred to fresh 
medium containing MP (50 Mg/mL). After three consecutive 
transfers, turbidity developed in the Cecil soil seeded MP- 
basal mineral medium without supplementing with glucose. No 
turbidity, however, developed in the Arredondo soil seeded MP- 
basal mineral medium without supplementing with glucose. For 
confirming the presence of MP-degrading microorganisms, a small 
amount of [I4C]MP (32 Bq/mL) was added to the flasks con- 
taining soil-seeded MP-basal mineral medium. The flasks were 
incubated at 25 "C for 24 h, and evolved 14C0, was trapped in 
KOH (8 mol/L). The KOH was placed in stainless-steel vials 
hung under rubber stoppers. Each flask was tightly closed with 
a stopper. 14C activity in the KOH traps was determined by 

KH2P04, 1 g of NH4N0,, 0.25 g of MgS04*7H20, 0.04 g of 
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scintillation counting. 14C0, was evolved from the Cecil soil 
seeded samples without supplement of glucose and from the 
Arredondo soil seeded samples supplemented with glucose. 

Isolation and Maintenance of MP-Degrading Microor- 
ganisms. MP (50 pg/mL)-basal mineral agar plates were used 
for isolation and purification of MP-degrading microorganisms 
from enriched samples, which had been shown to have capac- 
ity to degrade [14C]MP to 14C0,. Bacterial colonies developed 
on the plates, which had been inoculated with a small amount 
of enriched Cecil soil suspensions. A small amount of bacte- 
rial mass from one colony was transferred to a new plate. After 
two such transfers, a small amount of cell mass from one col- 
ony was inoculated to a sterile 125-mL Erlenmeyer flask con- 
taining 25 mL of filtered (0.22-pm) analytical-grade MP (50 pg/ 
mL)-basal mineral medium. Turbidity developed after 24 h of 
incubation. Even after 10 consecutive transfers, turbidity always 
developed in the liquid medium. It was then concluded that 
the bacterium utilized MP as a sole source of carbon for growth. 
The bacterium was tentatively identified as a Bacillus sp. It 
was a Gram-positive, spore-forming motile rod, both oxidase- 
positive and catalase-positive. The organism was maintained 
in filtered analytical-grade MP (50 Fg/mL)-basal mineral medium 
and on MP-basal mineral agar slants. Parathion, fenitrothion, 
and EPN, which are chemically analogous to MP, were also used 
for observing the capacity of the organism to utilize and to hydro- 
lyze these chemicals. 

Microbial colonies were not visible on the MP (50 pg/mL)- 
basal mineral agar plates inoculated with mixed culture, if derived 
from Arredondo soil seeded MP-basal mineral medium supple- 
mented with glucose. The mixed culture was maintained in 
100 mL of basal mineral medium containing 50 mg of techni- 
cal-grade MP and 50 mg of glucose or 50 mg of yeast extract. 
The mixed culture consisted of at least 13 rod-shaped bacteria. 
On the basis of their morphological, physiological, and biochem- 
ical characteristics, these bacteria were tentatively identified 
as four Pseudomonas sp., four Acinetobacter sp., one Alcali- 
genes sp., one Arthrobacter sp., one Corynebacterium sp., and 
two unknowns (a Gram-positive and a Gram-negative). The 
mixed culture was found to grow on PNP without supplement 
with a second carbon such as glucose. A bacterium capable of 
utilizing PNP as a sole source of carbon was isolated from the 
mixed culture on PNP-basal mineral agar plates. The bacte- 
rium was identified as a Pseudomonas sp. 

Metabolism of [ 14C]MP by the Bacillus sp. and the Mixed 
Bacterial Culture. Two-day-old Bacillus sp. grown in fil- 
tered MP (50 wg/mL)-basal mineral medium was inoculated to 
100 mL of filtered basal mineral medium containing analytical- 
grade MP (1-10 wg/mL) and [14C]MP (92 Bq/mL) in 250-mL 
Erlenmeyer flasks. Each flask was tightly closed with a rubber 
stopper, a stainless-steel vial containing KOH being hung under 
the stopper. This was used to trap evolved 14C02. Hexane was 
used to extract MP from culture fluids, and an equal volume 
of chloroform and ethyl ether was used to extract MP and metab- 
olites. 14C activity in the water and organic solvent extracts 
was quantified by liquid scintillation counting. MP and metab- 
olites were determined by TLC autoradiographic assay, fol- 
lowed by liquid scintillation counting as described previously 
by Ou (1985) and Ou et al. (1983). 14C activity in the KOH was 
determined by liquid scintillation counting. At the same time, 
aliquots of the KOH were acidified with concentrated HCl to 
pH <1. 14C activity in the acidified samples was near back- 
ground levels. This suggests that 14C activity trapped in the 
KOH was principally associated with ‘‘C0,. 

Since the mixed bacterial culture required a second carbon 
source in order to degrade MP, glucose (500 pg/mL) or yeast 
extract (500 wg/mL) was added to filtered MP (10 pg/mL)- 
basal mineral medium. The same procedures as used for study- 
ing metabolism of MP by the Bacillus sp. were employed. 

A similar procedure used for determination of 14C02 evolu- 
tion from [14C]MP was used for determination of 14C02 evolu- 
tion from [14C]PNP by PNP-degrading organisms. 14C activ- 
ity in culture fluids was extracted with an equal volume of chlo- 
roform and ethyl ether. Parent chemical and metabolites were 
determined by TLC autoradiography and scintillation count- 
ing. PNP in the culture fluids was also monitored spectropho- 
tometrically at 420 nm. 
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Table I. Degradation of M P  and Growth of the BaciJJus 
sp. in Basal Mineral Medium Containing 50 pg/mL of [14C]MP 
time, optical density” % distribution % applied “C 

1515 

h 420nm 550nm MP PNP hexane water total 
0 0  0.002 100 0 100 0 100 
0.5 0.50 0.001 45 55 31 70 101 
1 0.82 0.001 22 78 NTb NT NT 
2 0.98 0.002 1 99 2 97 99 
4 1.14 0.002 0 100 1 92 93 
8 0.95 0.005 0 100 1 72 73 

24 0.03 0.013 NDc ND 0 28 28 
a No addition of [14C]MP. * Not tested. Not detected. 

RESULTS AND DISCUSSION 

Degradation by the Bacillus sp. When a small 
amount of 36-h-old Bacillus sp. grown in MP-basal min- 
eral medium was inoculated into the MP-basal mineral 
medium to give an initial cellular density of 6 X lo6 cells/ 
mL, faint yellow color developed almost immediately. The  
yellow color could not be extracted with hexane but could 
be extracted with an equal volume of chloroform and ethyl 
ether. The  chemical associated with the yellow color was 
subsequently identified by TLC to be PNP. The  organ- 
ism appeared to  produce active MP-hydrolase, as MP at 
1 pg/mL was instantly hydrolyzed to PNP. As soon as 
the Bacillus sp. was inoculated, all 14C activity became 
nonextractable by hexane. Without inoculation of the 
Bacillus sp., all applied 14C activity remained in the form 
of [14C]MP; Le., i t  could be extracted by hexane. Even 
at 10 pg/mL, 97% of the applied [14C]MP was hydro- 
lyzed by the organism to PNP in 30 min and, after 2 h, 
only PNP was detected in the culture fluids. PNP was 
completely degraded in 4-6 h. After 24 h of incubation, 
64% of the applied 14C activity was evolved as 14C02 and 
35% of the added 14C actvity remained in the culture 
fluid. The  latter was found to be associated with micro- 
bial mass. 

Table I shows the turbidity of Bacillus sp.  (550 nm) 
grown in MP (50 pg/mL)-basal mineral medium, opti- 
cal density at 420 nm, percent of applied 14C in the hex- 
ane and water phases, and the inferred distribution of 
MP and PNP. Maximal optical absorbance for PNP is 
420 nm. MP at this concentration provided good growth 
for the Bacillus sp. as indicated by increase in culture 
turbidity and rapid disappearance of MP, as well as rapid 
formation and subsequent rapid disappearance of its 
hydrolysis product PNP. PNP was the only chemical 
detected in the chloroform-ethyl ether extracts. the only 
chemical detected in the hexane extracts was MP. In 2 
h, 98% of the [14C]MP was degraded. After 4 h, 
[14C]MP could not  be  detected by TLC autoradio- 
graphic assay, even though 1% of the applied 14C was 
detected in the hexane extract. PNP disappeared com- 
pletely between 8 and 24 h. In a separate experiment, i t  
was found that 67, 70, and 72% of the applied [14C]MP 
(50 pg/mL) were mineralized to 14C02 in 24, 48 and 72 
h, respectively. After 72 h, the remaining 14C (29%) in 
the culture fluid was principally associated with bacte- 
rial mass. 

It was found that MP-grown cells of the Bacillus sp. 
also hydrolyzed parathion and fenitrothion to PNP and 
3-methyl-p-nitrophenol, respectively. Similar t o  PNP, 
3-methyl-p-nitrophenol in water at neutral and alkaline 
p H  forms a yellow color. Thus, 3-methyl-p-nitrophenol 
appeared to  be the end degradation product of feni- 
trothion by the Bacillus sp. Neither fenitrothion nor its 
hydrolysis product 3-methyl-p-nitrophenol could serve 
as a sole source of carbon for the organism, however. The  
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Figure 1. Growth of the mixed culture and disappearance of 
14C activity from a basal mineral medium containing [14C]MP 
and either glucose or YE. Growth 0, grown in glucose; A, grown 
in YE. Disappearance of I4C activity: 0, from lucose; A, from YE. ., control, basal mineral medium plus [l F CJMP only. 

Bacillus sp.  also did not utilize parathion as a sole source 
of carbon for growth. After initial hydrolysis and utili- 
zation of the liberated P N P  by the Bacillus sp., degra- 
dation of the chemical did not proceed further. Further- 
more, the MP-grown Bacillus sp.  did not hydrolyze EPN 
to PNP. EPN is chemically analogous to parathion, except 
that one of the two ethyl groups is substituted by a ben- 
zene ring. This suggests that  MP-hydrolase produced 
by the MP-grown Bacillus sp.  is only partially specific 
and may hydrolyze some chemicals analogous to M P .  How- 
ever, these chemicals appear not to induce appropriate 
hydrolases for completing the hydrolysis process. 

Unlike a Pseudomonas sp.  (Chaudhry et  al., 1988) and 
a Pseudomonas sp.  (Munnecke and Hsieh, 1974) that both 
eventually lost their capacity to utilize MP and par- 
athion, respectively, for growth, but retained capacity to 
hydrolyze MP and parathion to PNP, the Bacillus sp. 
did not lose its capacity to utilize MP, even after more 
than 1 year of maintenance in MP-basal mineral medium. 

MP Degradation by the Bacterial Mixed Culture. 
[14C]MP a t  10 pg/mL was rapidly degraded by the mixed 
culture, as indicated by the disappearance of 14C activ- 
ity from the culture fluids and the formation of gaseous 
14C02. Figure 1 shows the disappearance of I4C activity 
in conjunction with growth of the mixed culture in 
[ 14C]MP-basal mineral medium supplemented with glu- 
cose or yeast extract. The mixed culture grew better in 
glucose than in yeast extract, and [14C]MP subsequently 
disappeared more rapidly from the basal mineral medium 
supplemented with glucose. After 43 h of incubation, 
14C in the culture fluids remained unchanged or little 
changed. After the culture fluids had been fractionated 
into hexane and water phases (Table 11), the patterns of 
14C distribution from the culture fluids supplemented with 
glucose and yeast extract were distinctly different, despite 
the fact that 14C activity in both the glucose and yeast 
exract rapidly declined (see Figure 1). At  6 h and ear- 
lier, I4C activity in both the glucose and yeast extract 
was completely or nearly completely extracted by hex- 
ane. At 18.5 h, about half of the 14C activity in the pres- 
ence of glucose could be extracted by hexane, whereas 
more than 70% of the I4C activity in yeast extract went 
to the hexane phase. After 25 h, no 14C activity in the 
glucose-amended medium was found to be associated with 
the hexane phase, whereas 40-67% of the 14C activity in 
yeast extract went to the hexane phase. TLC autorad- 
iographic analysis revealed that the only chemical detected 
in the hexane fractions from both the glucose and the 

Table 11. Distribution of "C Activity in Hexane and 
Water Phases following Extraction of the Basal Mineral 
Medium Containing 10 pg/mL of [l"c]MP and either 
Glucose or YE 

"C activity, % 

time, glucose YE control" 
h water hexane water hexane water hexane 
0 0 100 0 100 0 100 
6 0 100 4 96 0 100 

18.5 46 54 28 72 NDb ND 
25 100 0 57 43 0 100 
43 100 0 33 67 3 97 
49 100 0 45 55 ND ND 
72 100 0 60 40 7 93 

a [14C]MP in the basal mineral medium. ' Not determined. 

Table 111. "CO, Production from ['%IMP (10 pg/mL) by 
the Mixed Culture in Basal Mineral Medium Supplemented 
by either Glucose or YE 

time, 14C0, production, % applied 14C 
days %/day cum % 

1 31.8' (12.3)* 31.8" (12.3)b 
2 10.5 (35.5) 42.3 (47.8) 
3 5.8 (15.9) 48.1 (63.7) 
5 3.6 (3.9) 55.3 (71.5) 
9 1.2 (1.1) 60.1 (75.7) 

Grown in glucose. Grown in YE. 

yeast extract was the parent chemical MP. 14C activity 
in the water phase was principally associated with bac- 
terial mass (80% to near 100%). 

14C activity in supernatants of the water phase, after 
extraction with chloroform-ethyl ether, was found to be 
associated with TLC polar product(s) (R, 0), with the 
exception of the mixed culture grown for 18.5 h in glu- 
cose. In this sample, a small amount of PNP was detected. 
I t  was likely that since glucose and yeast extract consti- 
tute somewhat different sources of carbon, the relative 
growth of bacteria in the mixed culture would not be iden- 
tical for the two media. The mixed culture grown in yeast 
extract, despite rapid initial degradation of MP, did not 
completely degrade MP. A small amount of MP still 
remained in this culture medium even after 72 h. The 
level of 14C activity in the sterile basal mineral medium 
without the mixed culture did not change over the 72-h 
period, though 7% of the [14C]MP was chemically hydro- 
lyzed during this period, presumably to PNP. Since no 
TLC polar product was detected from the degradation 
of MP by the Bacillus sp. it is likely that TLC polar 
product(s) may be the lysis products of 14C cellular com- 
ponents of the bacteria from the mixed culture, such as 
amino acids, peptides, nucleotides, nucleic acids, etc. 

Similar to the disappearance of I4C activity, [14C]MP 
in the glucose was initially mineralized more rapidly to 
14C0, by the mixed culture than in the yeast extract (Table 
111). However, after 9 days, more total 14C0, had been 
produced in the yeast extract (75.7% vs. 60.1%). A t  the 
end of the incubation period (9 days), 30.8 and 25.8% of 
the applied 14C remained in the glucose and in the yeast 
extract, respectively. 

The mixed culture completely solubilized MP at appli- 
cation rates of 25 000 and 50 000 pg/lOO mL in 3 and 4 
days, respectively, presumably to CO, and bacterial mass. 
Prior to the inoculation, only 20 and 10% of the MP at 
25 000 and 50 000 pg/lOO mL were initially solubilized. 

Failure of individual isolates of the mixed culture to 
degrade MP suggests that the degradation of MP was 
due to a concerted effort by the organisms. Once these 
bacteria in the mixed culture were separated, they lost 
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the applied 14C activity could be thus extracted. This 
suggests that PNP was rapidly utilized by the 
Pseudomonas sp., converting to CO, and microbial mass. 

The fact tha t  a mixed bacterial culture capable of 
degrading MP through cometabolism was isolated from 
one soil (Arredondo fine sand), while an axenic bacterial 
culture, a Bacillus sp. capable of utilizing MP as a sole 
source of carbon for growth was isolated from another 
soil (Cecil sandy loam), suggests that  MP in soil can be 
degraded by cometabolism involving a group of bacteria, 
can serve as a sole source of carbon for an organism, or 
both. In any case, MP in soil can be completely degraded 
to the final oxidation products CO, and H,O (Ou, 1985; 
Ou et al., 1983). Furthermore, microorganisms capable 
of hydrolyzing structurally similar chemicals such as par- 
athion or fenitrothion may concurrently hydrolyze MP, 
resulting in the formation of PNP. Since PNP degrad- 
ers are abundant in the environment (Spain e t  al., 1980), 
PNP would be rapidly degraded. 

A 
41 

IlOO 

I1 \ -120 

, 
72 96 

Time (h) 

Figure 2. Degradation of [14C]PNP by a Pseudomonas sp.: 0, 
absorbance at 420 nm; A, % of applied 14C activity remaining 
in the culture fluid. 

Table IV. 14C0, Production from [“CIPNP by a 
Pseudomonas sp. in the Basal Mineral Medium Containing 
100 pg/mL of PNP 

time, days rate l4CO, prodn, %/days 
1 
2 
3 
4 
total 

51.5 
11.2 
2.9 
1.9 

67.5 

the capacity to degrade MP. Since one of the bacteria 
in the mixed culture (a Pseudomonas sp.)  utilized PNP 
as a sole source of carbon for growth, i t  is likely that  
some bacteria in the mixed culture may be involved in 
the hydrolysis of MP to PNP, which then was rapidly 
degraded by the Pseudomonas sp. This is not the first 
time that individual isolates from a mixed culture have 
failed to degrade a target chemical, despite the fact that  
a parent mixed culture did. A bacterial mixed culture 
consisting of two bacteria cometabolically degraded the 
herbicide silvex to CO, and H20  (Ou and Sikka, 1977). 
However, individual isolates as well as a mixture of the 
two isolates transferred to the same medium failed to 
degrade the herbicide. A thermophilic bacterial mixed 
culture consisting of two bacteria grew on hexadecane- 
basal mineral medium, but individual colonies trans- 
ferred to the same medium failed to  grow (Sukatsch and 
Johnson, 1972). 

PNP Degradation by the Pseudomonas sp. Iso- 
lated from the Mixed Culture. [14C]PNP, at 100 pg/ 
mL, was rapidly degraded by the Pseudomonas sp. as 
indicated by a rapid decrease in the absorbance at  420 
nm and rapid disappearance of 14C activity from the cul- 
ture fluids, as well as by 14C0, evolution (Figure 2; Table 
IV). Absorbance a t  420 nm by the culture fluids had 
completely disappeared after 24 h, and a t  the same time, 
14C activity had rapidly declined and more than half of 
the applied 14C activity had been evolved as 14C0,. After 
96 h of incubation, 67.5% of the applied 14C activity was 
mineralized to  14C02, and the remaining 14C activity 
(26.4%) in the culture fluid was essentially associated 
with bacterial mass. Total 14C recovery was 93.9%. 

The only chemical detected in the chloroform-ethyl 
ether extracts was PNP, and after 24 h, less than 1% of 
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UV irradiation of metalaxyl in aqueous solution resulted in 70% substrate transformation in 5 days, 
with rates of transformation affected by irradiation time, pH, and substrate concentration. Addition 
of 1 % acetone accelerated photodecomposition, while riboflavin and methylene blue had no effect. 
After 5 days of irradiation of metalaxyl at pH 6.8, two products (A and B) were formed: A contained 
3% and B 6% of the initial radioactivity. The two compounds were isolated by TLC and their struc- 
tures identified by mass and NMR spectroscopy. Irradiation of A resulted in the formation of B. In 
each case photolysis caused a rearrangement of the N-acyl group to the 4-position on the aromatic 
ring. 

Metalaxyl [N-(2,6-dimethylphenyl)-N-(methoxyace- 
ty1)alanine methyl ester] is the active ingredient of the 
fungicide Ridomil. Since its introduction in 1977, it has 
been widely used for the control of plant diseases caused 
by oomycetous fungi of the order Peronosporales. The 
primary mechanism of action of metalaxyl is an inhibi- 
tion of RNA-polymerase activity of various oomycetous 
species. Research on mobility and metabolism of meta- 
laxyl in soil and microbial degradation of the fungicide 
have been reviewed by Cohen and Coffey (1986). 

In our previous studies we investigated the microbial 
transformation of metalaxyl by the fungus Synceph- 
alastrum racemosum and found that the major transfor- 
mation mechanism involves benzylic or aromatic ring 
hydroxylation of the fungicide (Zheng e t  al., 1989). There 
is little information available regarding UV degradation 
of metalaxyl. A project report of CIBA-GEIGY Corp. 
has documented that, after irradiation of an aqueous solu- 
tion of metalaxyl for 7 days using artificial sunlight, 5% 
of the added chemical was converted to metalaxyl acid 
[N-( 2,8dimethylphenyl)-N- (methoxyacetyl)alanine] and 
17% to unidentified polar compounds (Burkhard, 1979). 

The purpose of our research was to examine the effect 
of UV irradiation on the transformation of metalaxyl, to 
isolate and identify the transformation products, and to 
elucidate the mechanisms of photolytic transformation 
reactions. 

MATERIALS AND METHODS 
Chemicals. Metalaxyl (technical grade) of 96.4% purity and 

[ring-U-14C]metalaxyl with a specific activity of 39 gCi/mg was 
supplied by Agricultural Division, CIBA-GEIGY Corp., Greens- 

+ Visitor from the Institute of Plant Protection, Bei- 
jing, PRC. 

boro, NC. Riboflavin (RF), methylene blue (MB), and ben- 
zophenone (BP) were purchased from Sigma Chemical Co. (St. 
Louis, MO). These chemicals were added as freshly prepared 
solutions in deionized water or dissolved directly into the met- 
alaxyl solutions (200 mg/L for RF, 100 mg/L for MB and BP 
or 170 acetone) prior to irradiation. 

UV Irradiation of Metalaxyl and Recovery of Samples. 
Ultraviolet irradiation was performed with a 30-W germicidal 
lamp (Angstrom 2537, General Electric). Open dishes (250 mL), 
each containing 200 mL of the reaction solution, were placed 
30 cm beneath the UV light. The reaction solutions were irra- 
diated for 1-5 days at 30 "C. The samples containing photo- 
sensitizer were irradiated for 4-8 h under the same conditions. 
Controls were placed in a dark chamber and incubated for the 
same period of time; no chemical changes were observed. 

Because of volume changes due to evaporation, it was neces- 
sary to adjust each reaction solution to the original volume before 
extraction. Ethyl acetate was used as extractant. The reac- 
tion solution was shaken for 1 min with an equal volume of 
ethyl acetate in a separatory funnel. The efficiency of extrac- 
tion exceeded 94% as indicated by radioactivity measurements 
of the aqueous and solvent phase. The distribution of radioac- 
tivity in the reaction mixture, in the ethyl acetate extract, and 
in the aqueous phase was determined by liquid scintillation spec- 
trometry. 

Experiments with Various Metalaxyl Concentrations and 
pH Values of the Reaction Solutions. Photodecomposition 
studies with various concentrations of metalaxyl (5, 10, 20, 30, 
40, 50 mg/L) were carried out in a citrate-phosphate buffer 
(0.2 M Na,HP04/0.1 M citric acid) at pH 6.8. To investigate 
the effect of pH on the photodecomposition of metalaxyl, 50 
mg/L of the substrate was prepared in citrate-phosphate buff- 
ers of pH 2.8,4.8, and 6.8 and in a Tris buffer of pH 8.8 (0.1 M 
Tris/O.l M HCl). Following the first ethyl acetate extraction 
of the reaction solution (pH 4.8, 6.8, 8.8), the remaining aque- 
ous phase was adjusted to pH 2.8 with 2 M HC1 and reex- 
tracted with an equal volume of ethyl acetate. The two ethyl 
acetate extracts were pooled and evaporated to dryness on a 

0021-8561 /89/1437-151 a$oi.50/0 0 1989 American Chemical Society 


