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 Chemical and Biochemical Mechanistic Fate 
of Acephate 
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Abstract— Acephate belongs to a hefty assembly of organophosphorus pesticides, well-known as inhibitors of acetylcholinesterase 
activity. Acephate and other organophosphorus pesticides have been extensively used in world agriculture to manage insect or pests of a 
number of economically important crops. Acephate is not restricted to anticholinesterase action, but comprise genotoxicity and 
teratogenicity. Such severe health consequences signify a requirement for a better understanding of the fate of acephate in the 
environment. The safe and effective use of pesticides requires knowledge of their mode of action in pests and adverse effects in non-target 
organisms coupled with an understanding of their metabolic activation and detoxification; keeping these things in mind we wrote a review 
on acephate. In this review we have studied the mechanistic pathway of toxicity of acephate, mode of action, different methods of 
decomposition viz. acidic, neutral and basic hydrolysis, decomposition in soil, decomposition by mammals and decomposition in plants.  

Index Terms— Acephate, Acetylcholinesterase, Decomposition, genotoxicity, Hydrolysis, methamidophos, Organophosphorus Pesticides,  

——————————      —————————— 

1 INTRODUCTION                                                                     

he conventional crop security events include the use of 
pesticides that are toxic to  non-targeted organisms; cur-
rently the pesticides based contamination is the mammoth 

and significant risk to the environment and non targeted or-
ganisms ranging from beneficial soil microorganisms, insects, 
plants, fish and birds [Md. Wasim et al. 2009].  

    Trace contamination of pesticides present in the environ-
ment creates a lot of pollution dilemma due to their toxicity 
and bioaccumulation property. Pesticides are used in agricul-
ture, medicine, industry and the household [Md. Wasim et al. 
2009]. Acephate (O,S-dimethyl acetylphosphoramidothioate) 
is a racemic organophosphorus insecticide used as broad spec-
trum insecticide for foliar treatment of vegetable, fruit and 
field crops, cotton, commercial ornamentals, and in around 
poultry houses and dairies [WHO Report, 2002].  

 Acephate is not constrained to anticholinesterase action, but 
include genotoxicity and teratogenicity. Such severe health 
consequences signify a requirement for a superior understand-
ing of the fate of acephate in the environment (Hussain, 1987; 
Geen, et al. (1981). Acephate itself considered toxic but after 
the decomposition to methamidophos become more toxic, so 

here by we are going to highlight the mechanistic pathway of 
toxicity and decomposition.  

2   TOXICITY   

 Studies revealed that acephate and methamidophos soluble in 
polar solvents and solubility increased with temperature 
[Geen, et al. 1981; Wang, et al. 2007; Yen, et al. 2000] hence life 
time, persistence and leaching of both acephate and 
methamidophos increase with polar solvent. The basic mode 

of action of acephate is considered like the other 
organophosphate pesticide’s mode of action that is inhibition 
of acetylcholinesterase (AChE) activity, but acephate inhibits 
the AChE in different way. The selective toxicity of acephate is 
considered to be due to facile conversion to methamidophos 
(fig 2). Acephate itself acts as a weak cholinesterase inhibitor 

T 

                 
Figure 1: Structure of Acephate and Methamidophos. 

 
Figure 2: Protection of AChE from Aging by Acephate. 
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but inhibited brain cholinesterase nine times more it did than 

erythrocyte cholinesterase, both insecticides have similar 
insecticidal potency, but different mammalian toxicity i.e. 
methamidaphos > acephate [Maul, et al. 2004; Md. Mahajna, et 
al. 1997; White et. al. 1998].  
 

Acephate is moderately toxic and methamidophos is highly 
toxic and acephate became toxic after twelve hours after its   

use due of optical nature [Miyazaki, et al. 1988]. Acephate has 
greater affinity than does methamidophos for the AChE active 
site, so acephate pre-exposure provided protection against the 
inhibition of RBC and brain acetylcholinesterase (AChE), and 
plasma cholinesterase (ChE) activities in rats exposed to both 
acephate and methamidophos [Singh 1986]. 
      So we can say that initially acephate acts as weak AChE 
inhibitor and strong masking agent for AChE inhibition. As 
per the WHO report 2002, we revealed that the species 
sensitivity for inhibition of brain cholinesterase by acephate 
was in order to; rat > cynomolgus monkey > human, that for 
inhibition of erythrocyte cholinesterase was rat > cynomolgus 
monkey = human, while that for inhibition of plasma 
cholinesterase was the reverse, human > cynomolgus monkey 
> rat (table 1). In human acephate is quickly absorbed through 
the skin, lung and gastrointestinal tract and are broken down 
in the liver, breakdown products are readily excreted via 
respiration and urine (Chuckwudebe, et al. (1984). Toxicity of 
acephate to kidney cells has been mediated at least in part 
through a free radical mechanism involving lipid peroxidation 
and those two antioxidant inhibitors of lipid peroxidation, 
desferrioxamine and 2-methylaminochroman, reduce 
acephate-induced renal tubular cell injury (Poovala, et al. 
(1998); Datta, et. al. (2010).  

       It has been concluded regarding the effect of acephate on 
testicular functions of Albino Rats, acephate affect semen qual-
ity in adult males (Albino Rats) and reproductive health of 
male mice either directly or indirectly via interference with 
endocrine status [Joshi and Sharma 2012; Farag, et al. 2000; 
Rattner and Hoffman, 1984]. Acephate exposure has been re-
sulted in the inhibition (dose dependent manner) of both Mg2+ 

and Na+- K+ ATPase activity in all brain regions studied by the 
alterations in The Mg2+ ATPase activity and Na+- K+ ATPase in 

Cerebral Cortex, Hippocampus, Cerebellum and Medulla ob-
longata of control and experimental rats [Mohiyuddin, et al. 
2010].  

 
2.1. Mechanistic Approach of Acephate  

From the above discussion the straight forward conclusion has 
been drawn that is acephate act as masking agent for AChE 
[Singh 1986], but only for few hours, once broken into 
methamidophos, it become highly toxic [Miyazaki, et al. 1988]. 
Mechanistic point of views, firstly acephate react with AChE 
and cleave AcOH moiety as like common mechanism of ace-
tylcholine. The basic mechanism of AChE inhibition with 
acephate is analogous to the reaction of enzyme with ACh, 
excluding for the reaction in which the leaving group of the 
acephate is lost, so the enzyme becomes phosphorylated in-
stead of acetylated. Phosphorylation is a two-step addition-
elimination reaction in which the addition step is rate-
determining, while the elimination process is faster. It should 
be noted that phosphorylation occurs via a trigonal bipyramidal 
intermediate, whereas in the case of acetylation is anticipated 
through a tetrahedral intermediate. The irreversibly inhibited 
phosphorylated enzyme can no longer hydrolyze acetylcho-
line. This leads to an accumulation of acetylcholine in cholin-
ergic receptors and consequent continuous stimulation of the 
nerve fiber [Kibong, et al., 2011]. Phosphorylated AChE hav-
ing the stable bonding and forces than acetylated one, but it 
can undergo a possible secondary process. Among these first 
one is the reactivation-hydrolysis of phosphorylated enzyme. 
But the rate of hydrolysis is much slower than in the case of an 
acetylated enzyme.  
 

 
Figure 3: Inhibition and “Aging” of AChE with 

Methamidophos.28 

    Another mechanism is the breaking of the PO-C bond the 
inhibited enzyme known as “aging” [Kibong, et al. 2011]. In 
present case once acephate decomposition product 
methamidophos inhibits the AChE (fig. 3) and block the 
further hydrolysis [Singh 1986]. 
 
3 Decomposition 
3.1 Hydrolysis 

Hydrolysis either acidic or basic considered as the basic de-
composition method for organophosphates. Acephate and 
methamidophos do not reveal pH dependent solubility in 
aqueous and in organic solvents. The P-N bond of 
methamidophos was hydrolyzed at pH 2, but not of acephate. 
Thus, the presence of an electron rich domain stabilizes 
acephate's P-N bond. The CH3S-P bond of both insecticides 
was equally hydrolyzed at pH 11 [White, et al. 1998]. Mecha-
nisms of alkaline hydrolysis of acephate associated to mecha-

Human Plasma Bovine RBC 

 μg/ml I50, Molar μg/m
l 

I50, Molar 

Acephate >500 >2.7 X 10-3 >500 >2.7 X 10-3 

Methamid
ophos 

23 1.6 X 10-4 4.3 3.1 X 10-5 

Table 1: Acephate and Methamidophos toxicity of Human 
Plasma and Bovine RBC. 
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nism of alkaline hydrolysis is followed by P−N bonds are 
cleaved according to the multistep addition−elimination 
scheme, whereas the breakage of P−O and P−S bonds appears 
to be consistent with the one-step direct displacement mecha-
nism [Dyguda-Kazimierowicz, et al. 2008].  

3.2 Photocatalytically 

The photocatalytic degradation of a commercial 
methamidophos emulsion in aqueous suspension containing 
mesoporous titania nanoparticles under UV irradiation was 
investigated. The mineralization rate of methamidophos went 
up steadily as prolonging the irradiation time and reached 
95% after 4h irradiation based on determination of the end-
products of methamidophos [Dai, et al. 2008]. The ZnFe2O4-
TiO2 composite photocatalyst has been prepared by sol-gel 
method and used to degrade acephate successfully. It demon-
strates that the photocatalytic degradation of acephate follows 
pseudo-first-order degradation kinetics (ln(C0/C)=kt) [Weina, 
et. al. 2012]. Also photocatalytic degradation of acephate in-
vestigated in the presence of TiO2, it has been found that the 
acephate can be degradated and mineralized. Under acidic 
condition it has been indicated that the decomposition of 
acephate began from the destruction of C–N and P–N bonds 
[Han, et al. 2009]. 
 

 
Figure 4: SN2 Mechanistic Pathway of the Basic  

Hydrolysis of Acephate. 

A cost effective method of decomposition was developed for 
industrial effluents by using ultrasound in combination of 
H2O2 at different frequencies, different ultrasonic wave ampli-
tudes, pH and concentrations of the solutions. Decomposition 
of methidathion was effective with ultrasound at greater 
sound wave amplitude. When the pH was controlled below 
the pka value of methidathion, significantly better decomposi-
tion of methidathion resulted. The decomposition of methida-
thion appeared to follow first-order reaction kinetics [Robina, 
et al. 2008; Hung, et al. 2002].  

3.3 Decomposition in Soil  

Acephate breakdown in soil to Methamidophos is a kind of 
organophosphate pesticide that is persists in the environment. 
Studies have been indicated that degradation of acephate is of 
first-order kinetics and acephate is poorly sorbed to soil, thus 

the risk of leaching to the aquatic environment is high if it is 
not quickly degraded. The acephate degradation rate in air (11 
days) > dry soil (16 days) > wet soil (more than 40 days) > wa-
ter (more than 80 days). Sandy soils with low microbial activi-
ty are more prone to acephate leaching than clayey soils rich 
in humic matter [Chai, et al. 2010].  

    It has been invastigated that acephate in the environment 
can be mineralized to CO2, methyl mercaptan and phosphoric 
acid through either methamidophos or O-methyl N-
acetylphosphoramidate, O, S-dimethyl phosphorothioate and 
further to CO2, methyl mercaptan and phosphoric acid. Little 
is known about the microorganisms or enzymes responsible 
for each step of those pathways. Although studies on acephate 
degradation in soils have been reported during the last decade 
only one has identified a bacterium that can initiate the path-
way by hydrolysis of acephate [Yen et al. 2000; Szeto, et. al. 
1979; Battu, et al. 2009]. It was shown that Hyphomicrobium sp. 
can degrade several OP compounds, including acephate 
[Wang, et al. 2010; Nisar, et al. 2009; Pinjari, et al. 2012]. Deg-
radation of the acephate by a developed bacterial consortium 
ER, consisting of the bacterial isolates Exiguobacterium sp. 
BCH4 and Rhodococcus sp. BCH2. The consortium was capable 
of degrading acephate up to 75.85%, with an initial concentra-
tion of 50 mg L−1 within 6 days at 30 °C under static condi-
tions. The effect of various physicochemical parameters, such 
as pH, temperature, and increasing acephate concentration 
affects the biodegradation rate of acephate [Swapnil, et al. 
2012]. The net decomposition of the acephate by; acidic/basic 
hydrolysis, photolytically, mammalians, soil and plants is dif-
ferent (fig. 5). 
 

 
Figure 5: Decomposition Fate of Acephate under  

different conditions. 
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A 14C foliar study revealed that acephate more than 50% was 
absorbed by leaves within 24 hours after their application and 
considerably more toxic to third stage tobacco bud worms 
than adult one [Don 1979]. In greenhouse studies regarding 
the seed application of acephate and soil water content on 
acephate uptake and phytotoxicity for corn (Zea mays L.) and 
cotton( Gossypium hirsutum L.) seedlings revealed that, treat-
ments exhibited no phytotoxic effects, because acephate nei-
ther promoted nor inhibited emergence, nor did it significant-
ly affect plant weight. However, plant acephate and 
methamidophos concentrations were significantly affected by 
acephate seed-treatment methods. Soil water treatments did 
not change plant emergence, but plant weight for a given 
growth stage increased as soil water content was increased. 
An inverse relationship existed between soil water content 
and plant acephate and methamidophos concentrations. All 
acephate seed treatments responded similarly. This result 
might be attributed to dilution of acephate in large plants 
grown under increased soil water contents. Plant acephate and 
methamidophos concentrations varied with growth stage in 
response to acephate dilution for the given water content. Dif-
ferences in methamidophos concentration for a given tissue 
level of acephate indicated that cotton may be more effective 
than corn in metabolizing acephate. Potential soil and plant 
factors, which may have caused differences in acephate up-
take, are discussed [Hill, et al. 1984].  

Greenhouse studies were conducted from 1996 to 1998 to 
determine the efficacy of spinosad, and acephate, against 
western flower thrips (Frankliniella occidentalis Pergande) on 
transvaal daisy (Gerbera jamesonii H. Bolus ex. Hook f). In addi-
tion, the number of natural enemies inside and outside the 
greenhouse was determined. Studies were arranged in a ran-
domized complete-block design with four blocks and four 
treatments per block. Three rates of spinosad, 50, 100, and 200 
mg L–1(ppm), and one rate of acephate, 600 mg L–1 were used 
in all three studies. Plants were artificially inoculated at bloom 
with 10 adult western flower thrips. The number of live and 
dead thrips was counted from each plant. In all three studies, 
both spinosad and acephate controlled thrips. However, there 
was more variation in the average number of live thrips for 
acephate than spinosad across years. In all treatments fewer 
live thrips and more natural enemies were found on plants 
outside the greenhouse than inside the greenhouse. This sug-
gests that placing plants outdoors allows the natural enemies 
of thrips to colonize plants and provide supplemental control 
[Raymond, et al. 2000]. Earthworms are an important part of 
the soil ecosystem. They help improve soil structure and soil 
chemical and biological properties acephate and other pesti-
cides also affect these farmer friendly organisms 
(www.cas.psu.edu.). 

4 Conclusion  

Acephate breakdown Toxicity point of views acephate has 
greater affinity than does methamidophos for the AChE active 
site, so acephate pre-exposure provided protection against the 
inhibition of RBC and brain acetylcholinesterase (AChE), but 
once acephate decomposed to methamidophos it is highly 

toxic. Application of acephate should be restricted or avoided 
during wet seasons with heavy rainfall and flooded soil as in 
paddy cultivation. Sandy soils with low microbial activity are 
more prone to acephate leaching than clayey soils rich in hu-
mic matter.  

There are number of gaps observed after the broad study of 
acephate, mode of bonding of acephate (H-bonding and char-
acterization), metal based decomposition, nano-material based 
decomposition, method of detection of acephate, not a broad 
study about UV-visible, FTIR and NMR based detection of 
acephate, decomposition in soil, biotechnical decomposition, 
interaction with soil bacteria, effects of acephate and decom-
posed moieties of acephate (HPO43- and CO2) on soil fertility 
and effects on plants growth. As acephate decomposition rate 
decrease in wet soil so there is need to study more about the 
effect of acephate on soil organism under wet condition espe-
cially earthworms. The major need of the hour is the study 
regarding the formulation of pesticides, because without the 
use of pesticides it is very typical to feed fast mounting popu-
lation. 
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