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ABSTRACT

The biochemical transformation of the herbicide i.e.
nitrofen (from the diphenyl ethers group) was studied in
soil suspensions and in pure bacterial cultures i.e. three
organisms were isolated from soil suspension, Red, white
and yellow. The organisms were capable of using nitrofen
during incubation as a sole source of carbon. The red orga-
nisms was the most effective one. The addition of acetate,
as an extra source of carbon, did not affect the adaptation
of the three organisms towards nitrofen. Five intermediate
fractions of nitrofen were detected from the culture extracts
in HPLC chromatogram. Nitrofen was degraded in soil to
more polar intermediate compounds and can be used successfuly
as herbicide.

INTRODUCTION

Nitrofen has been used for many years as a pre-emergance
herbicide toxic to a number of broad-leaved and grassy
weeds. Its major application was as pre-emergance herbicice
in cereals at 2 kg a.i. per hectar. The acute toxicity
of the formulation to rats is 5.050 mg./kg., (Martin and
Worthing, 1977).

Nitrated and or/halogenated diphenyl ether derivatives,
have in general high biological activity as herbicides,
at the same time being less toxic to mammals than the
original dinitrophenol. Recently, it- found a wide range
of application in the field of agriculture.

Crosby and Nakagawa (1971), showed that photodecompo-
sition of aqueous solutions of nitrofen in sunlight was
characterized by rapid cleavage of the ether 1linkage to
form P-nitrophenol and 2, 4-dichlorophenol.
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Kuwatsuka et al. (1976), indicated that diphenyl ether
herbicides were rapidly degraded to form their amino deriva-
tives in soils under reductive conditions but not under
aerobic or oxidtive conditions.

Tawfik (1980), confirmed the cleavage of the ether
bond of nitrofen by 1liberation of nitrite ions during the
metabolism of this compound (dichloro phenyl-4-nitro phenyl
ether) and chlorine was eliminated as inorganic chloride
ions in the media.

MATERIAL AND METHODS

I- Sampling:
a- Nitrofen: Known commercially as "Tok", is: 2,
4-dichlorophenyl-4-nitrophenyl ether.

The pure compound forms yellow crystalls with
M.P. 70-71°C. Nitrofen was recrystallized several
times from the commercial product examined by HPLC.
Nitrofen yields one peak with retention time (Rt),
14.2 min.

b- Nitrofen metabolites: Five different nitrofen
metabolites, reference grade, were obtained from Aldrich
Chemicals Company Inc., USA; i.e. 2, 4-dichlorophenol,
p-chlorophenol, p-nitrophenol, p-aminophenol and quinol.

II- Incubation techniques: Basal medium was used according
to Habib (1984): (NH,) 80, 0.1%, K,HPO, 0.05%,
MgS0,4-7H,0 0.05%, Cacl,.6H,0 0.01%, NaCl 0.0l1% and
FeS0,.7H,0 0.005%. Nitrofen solely and nitrofen with
organic substrate were added to all treatments with
concentrations 0.02% (w/v), and the pH was adjusted
to 7.5.

III- Soil leachate cultures: Fresh soil (clay loam soil
from Agric. Res. Center, at Giza) (10 gm) and 100
ml. of phosphate buffer (0.05M) pH 7 were shaken in
500 ml. Conical flask on a rotatory shaker for one
hour. After the soil settelement, its leachate was
used as a source of microorganism. Each flask (1L).
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Containing substrateinorganic medium, 300 ml (with
or without the addition of other carbon source) was
incubated at room temperature with 10 ml. of soil
leachate. The addition carbon source used in the meta-
bolism studies was soln. of Na-acetate at 1% (w/v).
Samples were taken internals 3 to 7 days for the estima-
tion of herbicide and microbial growth.

IV- The isolation of micro-organism adapted to the herbi-
cides was accomplished as reported by Habib (1984).

V- Estimation of herbicide was carried out by mixing
one ml. of the culture with four ml of methanol followed
by centrifugation at 3000 r.p.m. to remove bacterial
cells. The supernatants were poured in a selica cuvettes
and scanning was performed against supernatants of
control cultures without herbicide. The measurements
were done in Lambda 3, U.V. visible double beam recor-
ding spectrophotometer (Perkin-Elmer Ltd.) at wavelength
from 190-700 nm.

VI- Extraction technique: The natural culture was acidified
(pH3) and extracted with ether, which was 1laterly
dried under vacuum.

VII- Eigh performance liquid chromatography (HPLC): HPLC
analysis was carried out by Perkin-Elmer series two
delivery system equiped with two pumps and attached
to L-15 Perkin-Elmer U.V. fixed wavelength (254 nm)
detector.

RESULTS AND DISCUSSION

1- Degradation of nitrofen by soil micro-organisms:

The data obtained is presented under three separate
headings to facilitate the presentation of such tremendous
data:

1- The degradation of nitrofen in soil culture.

2- Degradation of nitrofen by isolated bacteria in pure
culture.

3~ Studies on nitrofen metabolites:

a- Chemical identification of nitrofen metabolites.
b- HPLC analysis of culture extracts of different
organisms at different periods.

The degradation of nitrofen in soil culture are shown
in two figs. (1 and 2). Fig. (1) revealed that the disappea-
rance of nitrofen was evidenced after three days of incuba-
tion, indicating that the soil micro-organisms did not
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Fig. (1): Disappearance curve of nitrofen by soil
microorganisms.
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Fig.(2): Changes in the U.V. and visible spectra of
nitrofen during degradation.
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require any time for adaptation, if a lag phase existed,
it was less than three days. The rate of degradation of
nitrofen increased with the time of incubation, thus after
nine days, over 75% of the herbicide was already consumed
by soil microflora. However, after two weeks, the left
over herbicide was less than 5% of the initial added dose.
Such phenomenon confirms the well-known property of fast
decomposition of this compound in the soil.

The resulted U.V. and visible spectrum of nitrofen
during the degradation period (Fig. 2) showed a decrease
in the absorption peak of nitrofen at 302 nm. After nine
days of continuous incubation, a shoulder appearded at
315-320 nm, indicating the appearance of nitrofen
intermediates.

2- Degradation of nitrofen by isolated bacteria in pure
culture:

Nitrofen was incubated in soil shake culture, and
after the consumption of the herbicide, an additional dose
of nitrofen was added. When more than 50% of the new dose
had disappeared, the bacteria existing in the culture were
isolated in pure cultures.

Three micro-organisms were isolated and designated
as red (R), Yellow (Y) and white (w) according to the color
of these organisms on the solid culture. From the floures-
cence observed during its growth, it was pressumed that
they were pseudomonads. The results obtained from each
micro-organism were separately recorded.

The resulted metabolites of nitrofen as a sole source
of carbon by the action of red-organism was observed using
U.V. as shown in Fig. (3). After three days of incubation,
another peak appeared at 260 nm, while after seven days
several peaks of intermediates were evidenced besides the
original peak of nitrofen at 302 nm. 0Old cultures (ten
days) showed a spectrum almost free from nitrofen and few
peaks of some nitrofen metabolites were still existing.

Fig. (4) showed that nitrofen spectrum suffered great
changes during the metabolism with acetate especially after
ten days of continous incubation, with the appearance of
many unknown peaks of nitrofen metabolites.

The change in the U.V. and visible spectra of nitrofen
during its metabolism by white-organism (Fig. 5) showed
a shift in nitrofen main peak from 302 nm towards a lower
wavelength after three days. After seven and ten days of
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incubation different spectra were detected with several
peaks at lower and higher wavelength, indicating the accumu-
lation of nitrofen metabolites in the cultures.

There was little change from the metabolism spectrum
(Fig. 6). After three days incubation confirming that the
micro-organism was mainly working on acetate during these
period. However, after seven days there was a sharp decrease
in the absortpion peak at 302 nm. with the appearance of
other peaks at a lower wavelength corresponding to the
accumulation of nitrofen intermediates.

The metabolism of nitrofen with the yellow-organism
(Fig. 7) showed that the accumulation of nitrofen intermed-
iates with this organism was much less than that observed
in the previous two organisms. Thus after three days of
incubation, only two peaks were observed at a lower
wavelength.

The spectrum of nitrofen during the metabolism (Fig. 8)
showed small accumulation of intermediates after three
days indicating that the micro-organism was acting mainly
on acetate at this stage of incubation.

From the previous results it may be concluded that
the soil microflora can metabolize nitrofen without a lag
phase or with an unnoticeable lag phase. This may explain,
at least partly, the fact that nitrofen decomposes rapidly
when incorporated in the soil, Tawfik (1966) .

Addition of an organic compound beside nitrofen revealed
that such addition did not improve the consumption of nitro-
fen by three isolated organisms. The delay in the metabolism
of the herbicide through the addition of acetate varied
from 3-7 days. Also it was clear that three different orga-
nisms are capable of degrading nitrofen since the structure
of this herbicide is not difficult for the soil microflora
to deal with. The ‘efficiency in degrading this herbicide
varied from one organism to another. The red-organism being
the most effective one followed by white and yellow-organism.

3- Studies on nitrofen metabolites:

a- Chemical identification of nitrofen metabolites:

HPLC analysis of nitrofen and standard metabolites
i.e. p-chlorophenol, p-aminophenol, p-nitrophenol, 25
4-dichlorophenol and quinol . were injected in a similar
way to that used for the culture extracts.

Table (1) showed that every compound is identical
in its retention time either singly or in mixture.
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Table (1):  Retention time (Rt) of nitrofen and its standard

metabolites.

Compound Retention time
(Rt)

Nitrofen 14.2

p-aminophenol ) 3.6

quinol 6.2

p-nitrophenol 8.3

p-chlorophenol . 10.4

2, 4-dichlorophenol 12..:2

b- HPLC analysis of culture extracts of different organisms

at different periods:

Cultures of red, white and yellow-organisms were grown
either with nitrofen as the sole source of carbon, or in
the presence of acetate were extracted after 15 and 30
days of incubation. The acid ether extracts of these cultures
were analyzed using HPLC to examine the accumulation of
the intermediates during the metabolism of this herbicide.

The data illustrated in Figs. (9, 10 and 11) indicated
that the resulted metabolites of nitrofen revealed the
existence of five intermediates i.e. 2, 4-dichlorophenol,
p-chloro-phenol, p-nitrophenol, p-aminophenol and quinol.
Hence, it could be stated that the metabolism of nitrofen
in Egyptian soil proceeded through the initial hydrolysis
of the ether 1linkage to give a major intermediates i.e.,
2, 4-dichlorophenol and p-nitrophenol as follows:

CA

V..ol Wy T

2 ,4-dichlorophenol. p-nitrophenol’

p-nitrophenol is oxidized directly or via the amino deriva-

tive to quinol, which is further oxidized through ring
fission as follows:
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Both p-aminophenol and quinol were identified in the
different cultures. The resulted nitrite ions were also
detected in the cultures of all organisms, therefore, it
can be concluded that the present organisms were able to
use the two metabolic pathways known for the metabolism
of the aromatic nitro compounds (Tawfik and Hamdi, 1975).
The first possibility is the reduction of p-nitrophenol
to p-aminophenol before deamination to give rise to quinol,
the other alternative is the direct elimination of the
nitro group to give rise to quinol with the release of
nitrite. It is clear that quinol will result from the metabo-
lism of p-nitrophenol and then oxidized rapidly through
ring fission to give simple aliphatic compound which are
used in the terminal oxidation processes for the maintenance
and the growth of the micro-organisms (Larway and Evans,
1965).

P-chlorophenol was identified in most cultures, it
is probably produced by aromatic dehalogenation of 2,
4-dichlorophenol. Such mechanism was previously mentioned
by several workers (Williams, 1950; Evans, 1963 and 1969).
P-Chlorophenol is known to proceed through 4-chlorocatichol
before ring fission (Evans, 1969) as follows:

(o) ] , il | iR
a O
RO (@) SR, G

2,4 dichloro- p-chlorophenol -4-éhioro-—_ ‘“i“g‘fiSsion‘
phenol catichol ‘

The obtained data indicates that this compound was
degraded to more polar chemical fragments by soil microflora
which are capable of using this herbicide as a sole source
of carbon for growth. Such conclusion lead to believe that
nitrofen is quite safe from the point of view for long-term
use in agriculture, since the accumulation of its degraded
products in the soil is not harmful,
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