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INTRODUCTION

The aniline-based herbicides comprise a large number of compounds 
in the acetamide, acylanilide, carbanilate, phenylurea, and toluidine 
families. Altogether they comprise approximately one-third of the re­
gistered herbicides in today’s pesticide market. Several additional che­
micals might be added if one included nitrophenol-based herbicides 
which are degraded to anilines in soil. The aniline-based pesticides are 
nearly all herbicidal, although some exceptions exist. All contain an
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aniline moiety (C6HnNH— R), where R =  —С—О— R' in the carbanilate
О О

ii  ̂ I!
family, R =  — С—NR' in the phenylurea family, and R =  — С— R' in
the acylanilide family. R' represents an alkyl group in the acylanilide
and carbanilate families, and a dialkyl group in the phenylurea family.
A dialkyl group constitutes the R in the toluidine family. A variety
of substituents may be attached to the phenyl moiety: — N 02, — CH3?
—CF3, —Cl, —Br, — SO:î, —tert.— butyl, and NH2. Common and chemical
names of pesticides discussed within this text are presented in Table 1.

DEGRADATION REACTIONS

Microbial degradation is an important factor affecting the persistence 
of aniline-based pesticides in soil. Metabolism of all these pesticides 
occurs in a similar manner (Fig. 1) and eventually leads to the formation 
of a free aniline or substituted aniline moiety. Several of the enzymes 
involved in the degradative reactions have been isolated and cha­
racterized.
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T a b l e  1
С cdm  on and Chemical Names of Aniline-Based Pesticides Mentioned in Text

Common т>ятпя Chemical name

A-820 N-sec-butyl-4-tert-buty 1 -2 ,6-dinitroaniline
Alachlor 2 -chi or 0—2 * ,6*-diethyl-N-/metho^methyl/ acetanilide
Barban 4—chloro-2-butynyl m-chlorocarbanilate
Benefin N-butyl-N-ethyl-oC, oC, oC-trifluoro-2, 6 -dinitro-£-toluidine
Butachlor N-/butoxymethy V -2 -c h loro-29, 6, -diethylacetanilide
Chloroxuron 3-jp-/p-chlor ophenozy/ phöny l j  -1  f 1-dime thy lurea
Chiorpropham isopropyl m-chlaroçarbanilate
Dicryl 3 * ,4 , -dichloro-2-methylacrylanilide
Dinitr amine H^-diethy 1-cc, oć, cC-trif luoro-3»5-dinitrot oluene—2,4—diamine
Diuron 3 -/3  »4-dichl or ophenyl/-l » 1-dimethy lurea
DNOC 4,6-dinltro-o-cresol
Karsil 3*,4 , -dichloro-2-methylpentanilide
Linuron 3 -/3 1 ̂ ł-dichl or opheny l/-l-metho?y-l-me thy lurea
Metobronruron 3-/p-*bromophenyl/-l-metho2y-l-methy lurea
Phenmedipham methyl m-hydroxycarbanilate m-methylcarbanilate
Propachlor 2-chloro-K-isopropylacetanilide
Propanil 3*,4»-dichloropropionanilide
Propham isqpropylcarbanilate
Solan 3»-chloro-2-methy1-D-valerotoluidide
Swep metbyl 3»4-dichlorocarbanilate
Trifluralin <K ic</t'-triflu oro-2, 6-dinitr o-N f N-dipropy 1-p-t oluidine

HYDROLYSIS AND DE ALKYLATION

Either hydrolysis or dealkylation are generally the initial degradation 
reactions of aniline-based pesticides. The carbanilate herbicides barban 
[13, 55], chlorpropham [10, 11, 22, 23], phenmedipham [43], propham 
[10, 22], and swep [4, 22], are all readily degraded by soil microorganisms. 
Hydrolysis of the carbamate linkage is the initial degradative reaction 
and the microbial enzymes responsible for this reaction have been 
described [23, 29, 30]. C 02 and the corresponding alcohols and anilines 
are the initial products formed (Fig. 1).

Acylanilides are generally biodegraded rapidly in soil. Dicryl, karsil, 
propanil, and solan are hydrolyzed to C 02 and the corresponding ali­
phatic acid and aniline [5, 22]. The aliphatic acid moiety is further 
degraded to C 02 and H20. An alternate pathway of acylanilide de­
gradation involving the microbial hydroxylation of the alkyl moieties 
of karsil and dicryl has recently been described [51, 52]. Karsil was 
hydroxylated on the C-3-atom of the 2-methylpentoate moiety [51]. 
Two hydroxyl groups were added to the ethylenic double bond of 
dicryl [52]. Further metabolism of these products was not described. 
Presumeably hydrolysis of the amide linkage would ultimately occur. 
Hydrolysis of the acylanilides alachlor, butachlor and propachlor has
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not been reported. The presence of either the 2',6'-dialkyl substituents, 
the N-alkymethyl substituent, or both, may preclude enzymatic hydro­
lysis of the carbonyl or amide linkages of alachlor and butachlor. 
Similarly, the N-isopropyl substituent may preclude enzymatic hydro­
lysis of propachlor. Dehalogenation with the subsequent formation 2-hy- 
droxy-N-isopropyl acetanilide was reported as the first degradative 
reaction of propachlor [25].

H0CH2 - r3 + C02 
0 (alcohol )

H -N -C -R 3 NH2 or
HOOC — R3I  n + H20 —  I  i  „ +

P>2 h or
, R1 I odd)

,CH3 
HN + C02

Rt =  h, Cl 40CH3
R2 =  H> Cl, tin. N0Z (alkylalkoxyamine)
R3 =  a Ihy I 

alkoxy
alkylalkOAyamine

Fig. 1. Hydrolysis of aniline-based 
pesticides

Microbial degradation of phenylureas proceeds by two mechanisms. 
The terminal residues, however, are essentially the same. Monodeal- 
kylation of dialkyl-substituted phenylureas such as diuron [17], chloro- 
xuron [18], and metobromuron [48], is one mechanism of degradation. 
This mechanism leads sequentially to the formation of the correspond­
ing alcohol, monoalkylphenylurea, phenylurea, NH3, C 02, and aniline. 
A second mechanism of phenylurea degradation involves hydrolysis 
of the urea linkage of alkylalkoxy-substituted phenylureas such as 
linuron [14, 15]. This reaction leads to the formation of C 02, 3,4-di- 
chloroaniline, and JV,0-dimethylhydroxylamine in the case of linuron.

The dégradation of toluidines in soils and by soil and rumen micro­
organisms has been demonstrated [19, 34, 36, 41, 54]. Both aerobic and 
anaerobic degradation pathways have been proposed [41] and consid­
erable evidence has been accumulated in support of the existence of 
such metabolic pathways in soil. Dealkylation is the initial aerobic 
degradation reaction. Sequential removal of the second alkyl group 
ultimately yields the deakylated arylamine. Similar dealkylation re­
actions have been reported for trifluralin [14], benefin [19], A-820 [34], 
and dinitramine [36].
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OXIDATION AN D  REDUCTION

The dealkylation and hydrolysis reactions described in the preceding 
section ultimately result in the liberation of the corresponding aniline 
moiety. Subsequent metabolism of the aniline moiety may proceed via 
several pathways. One pathway may involve sequential oxidation of 
the amine group to a hydroxylamine, a nitroso, and ultimately a nitro 
group. The presence of such an oxidative pathway was demonstrated in 
the microbial oxidation of 4-chloroaniline by Fusarium oxysporum

H 0I I!
N -C -C H 3 .

H 0  
i и

N -C -C H 3

ф - “

Q
C l

Z-acetamido-5-chlorophenôl

Cl
4-chloroacetonilide NH2

OH

C l
2-amino-5-chlorophenol

NO no2

I
C l C l

4-chloronitrobenzeneЧ-chloroanilm Ч-chlorophenylhydroxy lamine Ч-chloronitrosobenzene

2

c ï - 0 _N=N' 0 " a

4, Ц'-dichloroozobenzene 4 .4'-dichloroazoxybenzene

Fig. 2. Microbial degradation pathways of 4-chloroaniline [28]

Schlecht [28] (Fig. 2). 4-chlorophenylhydroxylamine, 4-chloronitroso­
benzene, and 4-chloronitrobenzene were isolated as intermediates in 
4-chloroaniline metabolism. Subsequent metabolism studies with 4-chlo- 
rophenylhydroxylamine and 4-chloronitrosobenzene indicated that both 
were metabolized to similar products including 4-chloroaniline and 4- 
-chloronitrobenzene. The detection of 3,4-dichlomitrobenzene and iso­
lation of S^'^^'-tetrachloroazoxybenzene from cultures of F. oxysporum  
growing in the presence of 3,4-dichloroaniline (3,4-DCA) was considered 
evidence for a metabolic pathway involving the sequential formation



Microbial metabolites.., 9

of 3,4-dichlorophenylhydroxylamine, 3,4-dichloronitrosobenzene, and 3.4- 
dichlornitrobenzene from 3,4-DCA [27].

Subsequent degradation of the nitrobenzenes formed in these path­
ways is currently under investigation. Further oxidation of the nitro­
benzene would presumeably lead to ring cleavage. Reductive reactions 
may ultimately lead to the formation of the corresponding aniline, 
however. The reduction of 4-chloronitrobenzene to 4-chloroaniline has 
been observed [28]. As indicated in the preceding paragraph both 4- 
-chlorphenylhydroxylamine and 4-chlornitrosobenzene were reduced to 
4-chloroaniline by cultures of F. oxysporum, in addition to being oxi­
dized to 4-chloronitrobenzene. Thus, presumeably the reduction of 4- 
-chlornitrobenzene to 4-chloroaniline by F. oxysporum  would involve 
the same metabolites, but the reverse mechanism. The ability of F. oxy­
sporum to convert 4-nitrophenol to 4-aminophenol was demonstrated 
by M a d h o s i n g h  [37]. N e u  b e r g  and W i l d e  [39] and N e u b e r g  
and R e i n f  u r t h  [38] considered the formation of an azoxybenzene 
by microbes metabolizing a nitrobenzene as evidence for the intermediate 
formation of the corresponding nitroso- and hydroxylamine compounds. 
The reduction of nitro groups to amine groups has been reported for 
toluidine herbicides trifluarlin [41], benefin [19], A-820 [34], and di- 
nitramine [36]. The reduction of the nitro groups of the dinitrophenol 
herbicide DNOC has also been observed [46]. The microbial oxidation 
of amine groups to nitrogroups is well documented, as is the reduction 
of nitro groups to amines. Thus, the dynamic nature of this metabolic 
sequence should not be surprising.

HYDROXYLATION AND ACYLATION

Hydroxylation and acylation processes are also involved in the micro­
bial metabolism of chloroanilines. Ortho-hydroxylated metabolites of
3-chloroaniline, 4-chloroaniline, 3,4-dichloroaniline and 3-chloro-p-to- 
luidine by F. oxysporum  were characterized by mass spectrometry [26]. 
2-chloro-4-aminophenol was proposed as a metabolite of 3-chloroaniline 
derived from barban [13]. The rapid oxidation of catechol by propham- 
-degrading bacteria suggested that aniline could be metabolized via 
a phenol [11], possibly an aminophenol, or could involve a direct con­
version of aniline to catechol [50]. Either mechanism involves hydroxy­
lation. 2-amino-5-chlorophenol was proposed as an intermediate in 4- 
-chloroaniline metabolism [8]. In our own work we have tentatively 
identified chloronitrophenols and 4-nitrocatechol as further products of
4-chloronitrobenzene metabolism (Fig. 2) [21].

The mechanism by which aniline hydroxylation occurs is not com-
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pletely understood. There is limited evidence supporting direct hydro­
xylation of the aniline ring [8, 26, 50]. An alternative pathway is possible, 
however. During the oxidation of aniline to nitrobenzene the hydroxyl 
group of phenylhydroxylamine can rearrange chemically to form p-ami- 
nophejrial [45]. It would seem likely that in the presence of a parar- 
chloro-substituent that such a chemical rearragement could occur to 
the position ortho to the amine.

Free amino and/or hydroxyl groups are frequently acetylated or 
formylated. The acetylated p-bromoaniline was observed during the 
microbial metabolism of metobromuron [48]. 3,4-dichloroformanilide was 
isolated and identified in soils [31]. 4-amino-3,5-dichloro-acetanilide was 
a soil degradation product of the fungicide botran [49]. Free amino 
and/or hydroxyl groups of 3-chloroaniline, 4-chloroaniline, 3,4-dichloro- 
aniline and 3-chloro-p-toluidine were converted to acetyl or formyl 
derivatives by F. oxysporum  [26].

DEHALOGENATION AND RING CLEAVAGE

Dehalogenation of aniline based pesticides has been observed. Chlor­
ide ion was detected during the microbial degradation of chlorpropham 
and 2-chloroethyl m-chlorocarbanilate [23]. Liberation of free halide 
ion has been noted in the degradation of other aniline-based pesticides. 
The conversion of 4-chloronitrobenzene to 4-nitrocatechol involves the 
loss of the chloride ion [21].

When aminophenols or acylated aminophenols were fed to the soil 
fungus F. oxysporum  oxidation of the amine group did not occur in 
detectable quantities. Rather, degradation appeared to proceed via de­
amination, perhaps to 4-chlorocatechol. Dechlorination also occurred. 
Whether or not dechlorination proceeds deamination, or vice versa, is 
not presently known. From metabolism studies with p-chlorophenyl 
methyl-carbamate, however, we know that F. oxysporum  can readily 
produce and metabolize 4-chlorocatechol [24]. Thus two approaches to 
ring cleavage would appear to be in effect: (a) direct ortho-hydroxy 1- 
ation and deamination of the aniline moiety, and (b) oxidation of the 
amine group, followed by hydroxylation and dechlorination.

Ring cleavage of chloroanilines in soil occurs somewhat slowly. Only
0.3% of the ring-labeled carbons of 14C-3,4-DCA appeared as 14C 02 after 
25 days [2, 9]. 14C 02 evolution from other 14C-ring-labeled chloroanilines 
has also been observed in soil incubation experiments. While the me­
chanism whereby ring cleavage of chloroanilines actually occurs has 
not been illucidated yet. It presumeably would proceed in a manner 
analogous to that already described for chlorophenols [47].
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CONDENSATION REACTIONS

Considerable attention has been given to the formation of complex 
residues such as 3,3'4,4'-tetrachloroazobenzene (TCAB), l,3-bis(3,4-di- 
chlorophenyl)triazene, 4-(3,4-dichloroanilino)-3,3/-trichloroazobenzene, and 
3,3'4,4'-tetrachloroazoxybenzene during 3,4-DCÀ-based pesticide meta­
bolism. All of these residues were isolated from systems treated with 
excessive rates of either 3,4-DCA or the 3,4-DCA-based pesticide. 
Concern for this type of residue centered around the fact that they 
were structurally related to a number of known carcinogens, e.g., 4,4'- 
dimethylaminoazobenzene [53]. While other investigations have indicated 
that the halogenated azobenzenes are not carcinogenic and undersatnding 
of the formative and degradative mechanisms of such products and 
their fate in soil is essential if one is to prevent or reduce the production 
of potential environmental pollutants. Critical investigations of the re­
actions leading to the formation of these residues indicate a dose-response 
related phenomena that is not of major significance at normal application 
rates [33]. They do appear to be somewhat resistant residues, however. 
K e a r n e y  and associates [35] detected small quantities of TCAB re­
sidues in rice fields treated at recommended propanil rates 2 and 3 years 
prior to sampling.

Several possible mechanisms exist for the formation of these complex 
residues. В a r t h a and P r a m e r [3] suggested that TCAB formation 
occurred via oxidation of 3,3',4,4'-tetrachlorohydrazobenzene, which 
was formed by condensation of a peroxidatically generated, 3,4-dichloro- 
anilino free radical with 3,4-dichlorophenylhydroxylamine. The per- 
oxidatic formation of 3,4-dichlorophenylhydroxy lamine from 3,4-DCA 
was later described [7]. The presence of the hydrazobenzene, however, 
has not been substantiated. Azobenzene formation may also occur by 
either the condensation of an aniline with a nitrosobenzene, or by re­
duction of an azoxybenzene. The formation of an azoxybenzene by 
microbes metabolizing a nitrobenzene was considered as evidence for 
the intermediate formation of the corresponding nitroso- and hydroxyl- 
amino compounds [38, 39]. We considered the detection of 3,4-dichloro- 
nitrobenzene and isolation of 3,3',4,4'-tetrachloroazoxybenzene from F. 
oxysporum  cultures growing in the presence of 3,4-DCA as evidence 
for a metabolic pathway involving the sequential formation of 3,4-di- 
chlorophenyl-hydroxylamine, 3,4-dichloronitrosobenzene, and 3,4-dichlo- 
ronitrobenzene from 3,4-DCA [27]. The presence of such an oxidative 
pathway was subsequently demonstrated in the microbial oxidation of 
4-chloroaniline by F. oxysporum  [28] (Fig. 2). Azoxybenzenes are formed 
either by the condensation of a phenylhydroxylamine with a nitroso­
benzene, by condensation of two molecules of phenylhydroxylamine, or
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by the oxidation of an azobenzene [45]. Thus, it would seem probaly 
that the formation of azobenzene-type residues in soil may occur by 
several mechanisms.

Several additional condensation products have also been reported. 
Plimmer and associates [40] reported the isolation and identification 
of l,3-bis(3,4-dichlorophenyl)triazene from propanil treated soil. 4-(3,4- 
dichloroanilino)-3,3'4'-tetrachloroazobenzene [42] and 4-chloro-4'-(4-chlo- 
roanilino)azobenzene [6] have also been identified as products of chloro­
aniline metabolism in soil. Mixed azobenzenes, or azobenzenes resulting 
from the condensation of two unlike chloroaniline molecules have also 
been reported [1, 32]. B r i g g s  and W a l k e r  [8] have recently described 
the formation of 7-chloro-2-amino-3H-phenoxazin-3-one in cultures of 
a soil bacterium metabolizing 4-chloroaniline. S a u n d e r s  and as­
sociates [12, 20] described the isolation of 2-amino-5-(4-chloroanilino-)- 
benzoquinone-di-4-chloranil, 2-amino-5-chlorobenzoquinone-di-4-chlor- 
anil, tetra-4-chloroazophenine, N-(4-chlorophenyl-)p-phenylenediamine,
4-chloro-N2-(4-chlorophenyl)o-phenylenediamine, and 4,4'-dichloroazo- 
b-errzene from reactions of 4-chloraniline with peroxidase.

SOIL BINDING

Another important reaction involving chloroanilines is their binding 
to soil components. The amount of soil binding depends on soil type 
as well as on the physical-chemical nature of the chloroaniline. С h i s а к о 
and K e a r n e y  [9] found binding of 14C-3,4-DCA to vary from [50 to 
70% in five different soils. В a r t  h a  [2] recovered substantial amounts 
of bound intact 3,4-DCA only through basic hydrolysis and steam 
distillation. The exact binding mechanism is not understood, due pri­
marily to our ignorance of chemical structure of soil organic matter. 
Some hypothetical structures for soil organic matter have been proposed 
and attempts have been made to rationalize posible binding mechanisms 
for herbicide metabolites [49]. Anilines derived from pesticides might 
be expected to condense with carbonyl constituents occuring naturally 
in soil organic matter.

CONCLUSIONS

Microbial degradation is a significant factor affecting the behavior 
of aniline-based pesticides in our environment. While initial degradative 
mechanisms of aniline-based pesticides may differ, the corresponding 
aniline moiety is one of the common degradation products. Microbial 
metabolism of the aniline moiety may proceed by several pathways 
involving oxidation, reduction, hydroxylation, acylation, dehalogen a tion, 
ring cleavage, and condensation. Condensation reactions may lead to



Microbial metabolites.., 13

the formation of increasingly complex molecules. Soil binding of aniline 
residues may account for a significant portion of the aromatic moiety 
of aniline-based pesticides. Much remains to be learned about the be­
havior of anilines in our environment.

REFERENCES

[1] B a r t  ha R.: Science 166, 1969, 12S9.
[2] B a r t  ha R.: J. Agr. Food Chem. 19, 1971, 385.
[3] В a r t h a R., P r a m e r D.: Science 156, 1857, 1617.
[4] В a r t  ha R., P r a m e r  D.: Bull. Environ. Contam. Toxicol. 4, 1969, 240.
[5] B a r t h a  R., P r a m e r  D.: Adv. Appl. Microbiol. 13, 1970, 317.
[6] B o r d e l e a u  L. M., B a r t h a  R.: Can. J. Microbiol. 18, 1972, 1857.
[7] B o r d e l e a u  L. M., R o s e n  J. D., B a r t h a  R.: J. Agr. Food Chem. 20,

1972, 573.
[8] B r i g g s  G. G., W a l k e r  N.: Soil Biol. Biochem. 5, 1973, 695.
[9] C h i s a k o  H., K e a r n e y  P. C.: J. Agr. Food Chem. 18, 1970, 854.

[10] C l a r k  C. G., W r i g h t  S. J. L.: Soil Biol. Biochem. 2, 1970, 19.
[11] C l a r k  C. G., W r i g h t S .  J. L.: Soil Eiol. Biochem. 2, 1970, 217.
[121 D a n i e l s  D. G. H., S a u n d e r s  B. C.: J. Chem. Soc. 1953, 822.
[13] D u b r o v i n  K. P.: Crops and Soils 14, 1962, 26.
[14] E n g e l h a r d t  G., W a l l n o f e r  P. R., P l a p p  R.: Appl. Microbiol. 22,

1971, 284.
[15] E n g e l h a r d t  G., W a l l n o f e r  P. R., P l a p p  R.: Appl. Microbiol. 23,

1972, 664.
[16] F u n d e r b u r k  Jr, H. H., S c h u l t z  D. P., N e g i  N. S., R o d r i g u e  z -  

K a b a n a R., С u r 1 E. A.: Proc. Southern Weed Conf. 20, 1967, 389.
[17] G e i s s b u h l e r  H.: ”In Degradation of Herbicides” P. C. Kearney and

D. D. Kaufman (eds.), Dekker, New York 1969 p. 79.
[18] G e i s s b u h l e r  H., H a s e l b a c k  C., A e b i  H., E b n e r  L.: Weed Res. 3,

Ï9S3, 277.
[19] G u s e  L., H u m p h r e y s  W.,  H o o k s  J., G r ä m l i c h  J. V., A r n o l d  W.: 

Proc. Southern Weed Conf. 19, 1966, 121.
[20] H o l l a n d  V. R., S a u n d e r s  В. C.: Tetrahedron 24, 1968, 585.
[21] K a u f m a n  D. D.: Unpublished Research, 1973.
[22] K a u f m a n  D. D., B l a k e  J.: Soil Biol. Biochem. 5, 1973, 297.
[23] K a u f m a n  D. D., К e a r n e у P. C.: Appl. Microbiol. 13, 1965, 443.
[24] K a u f m a n  D. D., P l i m m e r  J. R.: Weed Science Soc. Amer. Abstr. 1972, 

No. 188.
[25] K a u f  m a n  D. D., P l i m m e r  J. R., I v a n  J.: Abstr. 162nd Meet., Amer.

Chem. Soc., Div. Pestic. Chem. 1971, No. 21.
[26] K a u f m a n  D. D., P l i m m e r  J. R., I w a n  J.: Abstr. 163rd Meet., Amer.

Chem. Soc., Div. Pestic. Chem., 1972, No. 32.
[27] K a u f m a n  D. D., P l i m m e r  J. R., I w a n  J., K l i n  ge  b i e l  U. I.: J. Agr.

Food Chem. 20, 1971, 916.
[28] K a u f m a n  D. D., P l i m m e r  J. R., K l i n g e b i e l  U. I.: J. Agr. Food

Chem. 21, 1973, 127.
[29] K e a r n e y  P. C.: J. Agr. Food Chem. 13, 1965, 561.
[30] K e a r n e y  P. C., К a u f m a n D. D.: Science 147, 1964, 740.



14 D. D. Kaufman

[31] K e a r n e y  P. C., PI  i m m e r  J. R.: J. Agr. Food Chem. 20, 1972, 584.
[32] K e a r n e y  P. C., P 1 i m m e r J. R., G u a r d i a  F. S.: J. Agr. Food Chem.

17, 1969, 1418.
[33] K e a r n e y  P. C., P l i  m m  er J. R., G u a r d i a  F. S.: Abstr. 158th Meet., 

Amer. Chem. Soc., Div. Pestic. Chem. 1969, No. 31.
[34] K e a r n e y  P. C., P l i m m e r  J. R., W i l l i a m s  V. P.: Abstr. 164th Meet.,

Amer. Chem. Soc. Div. Pestic. Chem. 1972, No. 25.
[35] K e a r n e y  P. C., S m i t h  Jr. R. J., P l i m m e r  J. R., G u a r d i a  F. B.: 

Weed Sei. 18, 1970, 464.
[36] L a a n i o  T. L., K e a r n e y  P. C.,~ K a u f m a n  D. D.: Pestic. Biochem. 

Physiol. 3, 1973, 271.
[37] M a d h o s i n g h  C.: Can. J. Microbiol. 7, 1961, 553.
[38] N e u b e r g  C., R e i n f u r t h  E.: Biochem. Z. 138, 1923, 561.
[39] N e u b e r g  C., W i l d e  E.: Biochem. Z. 67, 1914, 18.
[40] P l i m m e r  J. R., K e a r n e y  P. C., С h i s а к a H., Y o u n t  J. В., К 1 i n-  

g e b i e l  U. I.: J. Agr. Food Chem. 18, 1970, 859.
[41] P r o b s t  G. W.,  T e p e  J. В.: ”In Degradation of Herbicides” P. С. Kearney 

and Kaufman D. D. (eds.), Dekker, New York 1969, p. 255.
[42] R o s e n  J. D., S i e w i e r s k i  M.: J. Agr. Food Chem. 19, 1971, 50.
[43] S o n a w a n e  B. R., K n o w l e s  С. O.: Bull. Environ. Contam. Toxicol. 6,

1971, 322.
[44] S t e v e n s o n  F. J.: J. Environ. Qual. 1, 1971, 333.
[45] T a y l o r  T. W.  J., B a k e r  M. A.: Sidgwick’s Organic Chemistry of Nitrogen. 

Oxford, Blackwell 1942.
[46] T e w f e к M. S., E v a n s W. C.: Biochem. J. 99, 1966, 31p.
[47] Q i e d j e  J. M., D u x b u r y  J. M.,  A l e x a n d e r  M., D a w s o n  J. E.:

J. Agr. Food Chem. 17, 1969, 1021.
[48] Q w e e d y  B. G., L o e p p k y  C., R o s s  J. A.: Science 168, 1970, 482.
[49] V a n A l f e n  N. K., K o s u g e  T.: Phytopathology 63, 1973, 209.
[50] W a l k e r  N., H a r r i s  D.: J. Appl. Bact. 32, 1969, 457.
[51] W a l l n o f  er  P. R., S a f e  S., H u t  z i n g  er  О.: Chemosphere 1, 1972, 155.
[52] W a l l n o f  er  P. R., S a f e  S., H u t  z i n g  er О.: J. Agric. Food Chem. 21,

1973, 502.
[53] W e i s b u r g e r  J. H., W e i s b u r g e r  E. K.: Chem. Eng. News 44, 1966, 124.
[54] W i l l i a m s  P. P., F e i l  V. J.: Abstr. 157th Meet. Amer. Chem. Soc. 1969,

No. 14.
[55] W r i g h t  S. J. L., F o r e y  A.: Soil Biol. Biochem. 4, 1972, 203.

D. D. K AU FM AN

PRODUKTY MIKROBIOLOGICZNYCH PRZEMIAN PESTYCYDÓW
ANILINOWYCH

Pracownia Rozkładu Pestycydów 
Instytut Środowiska Rolniczego, ARS, Beltsville, Maryland, USA

S t r e s z c z e n i e

Drobnoustroje są ważnym czynnikiem wpływającym na trwałość pestycydów 
anilinowych w glebie. Ich metabolizm jest związany z metabolizmem pestycydów
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polegającym na hydrolizie, dealkilacji, utlenieniu, redukcji, hydroksylacji, acylo- 
waniu, dehalogenizacji, rozerwaniu pierścienia i reakcji kondensacji.

Głównym momentem wpływającym na trwałość pozostałości anilinowych jest 
wiązanie ich przez glebę.

Д. Д. К А У Ф М А Н

ПРОДУКТЫ МИКРОБИОЛОГИЧЕСКИХ ОБМЕНОВ 
АНИЛИНОВЫХ ПЕСТИЦИДОВ

Лаборатория по деградации пестицидов Института исследования 
сельскохозяйственной среды 

Департамент сельского хозяйства Соединенных Штатов Сев. Америки, 
Бельтсвилль, Мэрилэнд, США

Ре з юме
Микроорганизмы являются важным фактором влияющим на стабильность 

анилиновых пестицидов в почве. Их метаболизм связан с метаболизмом пе­
стицидов и основан на гидролизе, деалкилировании, окислении, редукции, ги- 
дроаксилировании, ацилировании, дегалогенизировании, разрыве кольца и ре­
акции конденсации.

Главным моментом влияющим на стабильность анилиновых остатков явля­
ется связь их с почвой.




