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Abstract: - A highly sensitive spectophotometric method is developed for the determination of parts per million levels of widely used 

organophosphorus pesticide monocrotophos. The method is based on alkaline hydrolysis of monocrotophos to N-

methylacetoacetamide followed by coupling with diazotized 2, 4- dinitrophenyl hydrazene in alkaline medium. The absorption 

maxima of the yellow coloured compound formed is measured at 490 nm. Beer’s law is obeyed over the concentration range of 1.5 

to 6.0 µg in a final solution volume of 25 ml. The molar absorptivity and Sandell’s sensitivity were found to be 5.1x10
5
      (100) l 

mole
-1
cm

-1
 and 0.008 µg cm

-2
 respectively. The standard deviation and relative standard deviation were found to be ± 0.006 and 

2.5% respectively.  The method is simple sensitive and free from interferences of other pesticides and diverse ions. The method has 

been satisfactorily applied to the detection/determination of monocrotophos in environmental, agricultural and biological samples. 
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Introduction:-Monocrotophos is widely used for 

agricultural practices, because of its high effectivity 

and relatively low price. Compared with 

organochlorine pesicides, it demonstrate relatively 

low environmental persistence, but a high toxicity. 

Pure monocrotophos is colourless crystals, soluble 

in water, acetone and aliphatic alcohols and 

slightly soluble in mineral oils. It has a mild ester 

odour. It is corrosive to black iron, drum steel, 

stainless steel and    brass. (1-3) Use: - 

Monocrotophos (azodrin, nuvacron )an 

organophosphorus pesticide (IUPAC name 

dimethyl (E) 1-methyl-2-methylcarbamoyl) vinyl 

phosphate), is widely used in agriculture  to 

control sucking , chewing  and  boring insects on a 

wide range of crops. It is mainly used against 

cotton pests, but can also be used on citrus, olives, 

rice, maize, sorghum, sugar cane, sugar beet, 

peanuts, potatoes, soya beans, vegetables, 

ornamentals plants, tobacco, coffee, bananas, 

melons, green beans, bell peppers, and strawberry. 
(4-6) MCP persists in soil in the dark for 30 days at 

neutral pH. It is hydrolyzed in alkaline conditions. 

Its solubility in water is 100% and hence it may 

appear in wastewater arising from MCP 

manufacturing units. When it is sprayed on crops, 

it may remain as soil residue and also enter water 

sources such as rainwater and ground water 

because of seepage through soils. (7-9)  It do not have 

long persistence and are generally found at low 

levels in food Samples of dwarf beans potatoes, 

maize, citrus and some of its metabolites have been 

identified in the milk, muscle, and liver of cows 

and in the milk of goats following ingestion of this 

chemical. (10, 11)   Monocrotophos is one of the most 

avian toxic pesticides known. Highly publicized 

deaths of over 5000 Swainson's Hawks in 

Argentina during the late 1990s. (12-15).  
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The acute oral lethal dose (LD50) for rats is 14 

mg/kg. According to WHO, the ingestion of 120 

mg monocrotophos can be fatal to humans. 

Following exposure by any route, other systemic 

effects may include pallor, nausea, vomiting, 

diarrhea, abdominal cramps, headache, dizziness, 

eye pain, blurred vision, constriction or dilation of 

the pupils, tears, salivation, sweating and 

confusion. Respiratory failure or cardiac arrest 

may cause death. (16-25). The easy availability in the 

market and high toxicity of monocrotophos makes 

it a preferred product for those attempting self-

harm by consuming insecticides. There is a gross 

underreporting of poisoning cases in India, close to 

20,000 cases in 2007. It also causes  paralysis in 

children in cotton-growing areas in Brazil, Parana-

State, Paraguay, Egypt, Indonesia, and Sri Lanka. 

Monocrotophos is classified as a highly hazardous    

pesticide by WHO in 2004. (26-35). Because of the 

wide applicability and high toxicity of 

monocrotophos, numerous instrumental methods 

have been described for the 

detection/determination of monocrotophos, such 

as, infrared spectrophotometry,mass spectrometry, 

liquid chromatography, reversed-phase column 

liquid chromatography, high performance liquid 

chromatography, viva test system, biosensor, IPLB-

LdFB cells, biochemical alteration, selective solid-

phase extraction, modified wall-jet electrode,      

haemato-biochemical and immuno-

pathophysiological studies etc. A few 

spectrophotomertic methods using sulphanilamide 

or sulphanilic acid,iron (III) complex,aromatic 

amine, and sodium iodide-bromide, and p-amino 

acetophenone have also been reported. (36-51) 

In the present method, it is aimed to develop a 

simple sensitive, cost effective method for 

detection of monocrotophos.In this method 

monocrotophos is hydrolysed to give N-methyl 

acetoacetamide, which is further coupled with 

diazotized 2, 4-dinitrophenyl hydrazene in alkaline 

medium. The method has been applied to the 

determination of monocrotophos in various 

samples of polluted water, vegetables, fruits, 

foliages and biological samples 
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Experimental:- Apparatus: - A Systronics UV-VIS 

spectrophotometric (model 104) with matched 

silica cells was used for all spectral measurements.  

A Systronic pH meter (model 331) was used for pH 

measurements. A Remi C-854/4 clinical centrifuge 

force of 1850 g with fixed swing out rotors was 

used for centrifugation. 

Reagent:-All reagents used were of Anal R grade 

or of the best available quality. Double distilled 

demineralized water was used throughout. A stock 

solution of monocrotophos (Hindustan Ciba-Geigy 

Bombay, India),was prepared by dissolving 1µg 

ml-1 in ethanol. A working standard solution was 

prepared by suitable dilution of the standard 

solution, as and when required. 1% m/v sodium 

nitrite solution was prepared in 10% v/v 

hydrochloric acid. 1.0 mol l-1 sodium hydroxide 

aqueous solution was used. 0.2% m/v solution of 

2,4 Dinitrophenylhydrazene (Sigma-Aldrich)  is 

prepared by dissolving appropriate weight in 250 

ml 1M HCl solution. 

Procedure: - An aliquot of test solution containing 

1.5 - 6.5 mg of monocrotophos was taken in a 25 ml 

graduated tube, and then 1.0ml of 1M  sodium 

hydroxide was added. The solution was kept in 

cool water (5-100C) for 30 min, then 1.0 ml of 

diazotzed  2, 4-dinitrophenylhydrazene were 

added to each. The solution was kept 15min for 

full colour development. It turns to yellow 

coloured species .The solution was then diluted to 

the mark with water and absorbance was 

measured at 490 nm against a reagent blank.  

RESULTS AND DISCUSSION 

 

Absorbance Spectra:-The absorption maxima of 

the yellow coloured compound formed is 

measured at 490 nm. Beer’s law is obeyed over the 

concentration range of 1.5 to 6.0 µg in a final 

solution volume of 25 ml. The molar absorptivity 

and Sandell’s sensitivity were found to be 5.1x105 

(100) l mole-1cm-1 and 0.008 µg cm-2 respectively. 

(Fig.-1). 
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Figure1:-Absorption Spectra between 

monocrotophos and 2,4dinitrophenylhydrazene.        

Effect of Time and Temperature: Hydrolysis of 

monocrotophos to N-methylacetoacetamide was 

studied at different temperatures and it was 

observed that maximum hydrolysis was observed 

with 1.0 mol L-1 sodium hydroxide at temperature 

range of 25-30oC.The time necessary for the full 

colour development was found to be 30 to 90 

minutes. (Fig-2 ). 

          

 

    Figure 2:- Effect of Time on absorbance. 

Effect of pH: The pH range of 8.0-10.0 was found 

to be the best for formation of yellow coloured dye 

and no buffer solution was used to stabilize the 

colour. Increase of pH above 10 severely affected 

the stability and sensitivity of the dye.  Below pH 

8.0, not suitable for yellow colour formation. (Fig- 

3). 

         

 

        Figure 3:-Effect of pH on absorbance. 

Effect of the Reagents Concentration:  

A. Effect of 2, 4-dinitrophenylhydrazene 

(DNPH):-It was observed that 1 ml of 

diazotized 2, 4, dinitrophenylhydrazene 

was sufficient for complete colour reaction 

(Fig -4). 

          

 

    Figure 4:- Effect of the concentration of DNPH 

on absorbance. 

B. Effect of the concentration of monocrotophos: - 

The constant and maximum absorbance of the 

yellow coloured compound formed is found at the 

concentration range of 5.0 µg in a final solution 

volume of 25 ml. (Fig-5).    

 

      Figure 5:- Effect of the concentration of MCP on 

absorbance. 

C. Effect of Sodium Hydroxide:- It was observed 

that maximum hydrolysis was observed with 1.0 
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mol L-1 sodium hydroxide at temperature range of 

25-30oC as it gave maximum absorbance values, 

good stability and quantitative results.     (Figure-

6). 

 

Figure 6:- Effect of the concentration of NaOH on 

absorbance. 

 

D. Effect of the Foreign Species: The effect of 

common foreign species and pesticides was 

studied to assess the validity of the method.  

*Tolerance limit is amount of the foreign species 

that causes an error of ±2% in absorbance values. 

 Known amounts of foreign species and pesticide 

were added to the standard solution containind 5 

of monocrotophos prior to hydrolysis and the 

solution was analysed by the proposed method 

.the method was found to be free from interference 

of most of the foreign species and pesticides. (Table 

-1). 

 

 

 

 

 

Table1: - Effect of Foreign species and pesticides 

(Monocrotophos -5mg/25 ml.). 

 

APPLICATIONS The proposed method has been 

applied satisfactorily to the determination of 

monocrotophos in various samples of polluted 

water, vegetable, fruits, foliages and biological 

fluids. Determination of monocrotophos in 

polluted water: Kharun River (Raipur) water 

sample, which received run off water from 

agricultural field, was collected. These samples 

were filtrated through a Whatman No. 40 filter 

paper. Aliquots of water samples were taken to 25-

ml graduated tube and sodium hydroxide was 

added. They were kept in a hot water bath 

analysed as described above. (Table-2) 

 

 

 

 

Table 2;-Determination of Monocrotophos in water 

and vegetable samples. 
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Sampl

es 

MCP 

origin

ally 

found

* 

(a) 

MCP 

added 

(µg ) 

(b) 

Total 

MCP 

found by 

proposed 

method 

(c) 

Differ

ence 

(c-a) 

Recover

y %  

    (c-a) 

  --------

×100 

     (b) 

 

Pollute

d 

water*

* 

2.23 

2.72 

2.5 

4.0 

4.61 

6.48 

2.38 

3.76 

95.2 

94.0 

Tomat

o*** 

 

4.10 

2.73 

2.5 

4.0 

6.50 

6.51 

2.40 

3.78 

96.0 

94.5 

Apple*

** 

3.8 

2.57 

2.5 

4.0 

6.00 

6.48 

2.20 

3.91 

88.0 

97.7 

*Mean of three replicate analyses.        

**Water sample 25 ml; after treatment 1 ml aliquot 

was analyzed.       

*** Sample 25 gm (taken from agriculture field, 1 

ml aliquot of sample was analyzed after treatment 

as described in procedure section). 

Determination of monocrotophos in vegetable 

and fruits: Various sample of vegetable, fruits and 

foliages each of 50gm, were taken collected from 

agricultural field and local market. The samples 

were macerated with two 20 ml portions of 

ethanol-demineralized water (1+1), filtered though 

a thin cotton cloth and filtrate was centrifuged at 

1850g for 10 min. Filtrate were diluted in 50ml 

flask by ethanol. In a 25 ml graduated tube 1ml.of 

this solution, 1.0 ml of 1.0 mol l-1 sodium hydroxide 

and 1ml. of diazotized2,4-dinitrophenylhydrazene 

were added. Then   shaken thoroughly and kept at 

0–50 C for 15 min for full colour development. 

(Table-2) 

Determination of monocrotophos in biological 

samples: The method has been applied for the 

determination of monocrotophos in biological 

samples as the presence of monocrotophos in 

blood and urine has been reported in detectable 

concentration. (52-53) Synthetic samples were 

prepared by adding known amounts of 

monocrotophos to these samples and than 

analysed after removal of protein with 

trichloroacetic acid (54-55) as described above.  

(Table-3:-Determination of monocrotophos in 

biological samples. 

Sample

s 

Amount of 

monocrotoph

os added (µg) 

Monocrotoph

os 

found**( g  ) 

Recover

y 

% 

 

Urine* 

2.5 

 

5.0 

2.42 

 

4.77 

96.8 

 

95.4 

 

Blood* 

2.5 

 

5.0 

2.41 

 

4.86 

96.4 

 

97.2 

* Amount of biological samples =1ml, after 

treatment as described in procedure section. 

** Mean of three replicate analyses. 

Conclusion: - The reported reagent was selective 

for monocrotophos; The color of derivatives of 

monocrotophos with 2, 4-dinitro phenylhydrazine 

is stable at room temperature. The proposed 

method is simple, rapid and can be used for the 

determination of monocrotophos in trace amounts. 

The method has been successfully applied for the 

determination of monocrotophos in biological 

samples. The proposed method has been also 

applied satisfactorily to the determination of 

monocrotophos in various samples of polluted 

water, vegetable, fruits and foliages. The 

recoveries, of monocrotophos were added to 
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various samples of vegetables, fruits foliages and 

biological fluids and then analyzed by the 

proposed as well as the reported methods. (51) 

(Table-2). The recoveries were found to be 88 to 

98%. 

Acknowledgment: - Authors are thankful to the 

Principal,Dr. K.N.Bapat and H.O.D. Department of 

Chemistry, Mrs. Shilja Nigam , Govt.Nagarjun 

P.G.College of Science Raipur for providing 

laboratory facilities. 

References:- 

1. E. Zhao, L Han, S Jiang., Q. Wang, Z. Zhou, 

“J.Chromatogr.A”, 1114,269-273, 2006 . 

2. A. M. Argente, E. A. Heinrichs, “Crop 

protection”, 2, 361, 1983 . 

3. Z. Gunter, “Pesticides plant growth regulators 

and food additives”, Life Science Division, 

Academic Press, NEW YORK, 5,193, 1967. 

4. Bridget Stutchbury, "Did Your Shopping List 

Kill a Songbird?", The New York Times, March 

30, 2008. 

5. D. Gerling, E. Steven Navanjo, Biological 

control, 12, 33, 1998. 

6. C Beseler,  L Stallones,  J Hoppin, Alavanja 

M, A Blair, T Keefe, F Kamel, Journal of 

Occupational & Environmental Medicine, 

48,10,1005-1013, 2006 . 

7. P.W. Lee J.M. Fukuto., H.Hernandez and 

S.M. Stearns,” Journal of Agricultural Food 

Chemistry”, 38 (2), 567–573, 1990. 

8. C.Tomlin “The Pesticide Manual (Incorporating 

the Agrochemicals Handbook)”, 10th edn. British 

Crop Protection Council (BCPC), 1995. 

9. B.J.Bhadbhade, S.S.Sarnaik, P.P.Kanekar, 

“Journal of Applied Microbiology”, 93, 2, 224–

234, 2002. 

10.   FAO/WHO, Pesticide Residues in Food, 

Evaluations, Joint Meeting on Pesticide 

Residues (JMPR), FAO, Rome, Plant 

Production Paper Monocrotophos. 1993. 

11. B. Dinham, “The Pesticide Hazard: A global 

health and environmental audit”, Zed Books, 

London and New Jersey, 87-88, 1993. 

12. Di Silvestro R., Poison in the Pampas: 

What’s killing the Swainson’s hawk? 

International Wildlife 26, 38, 1996. 

13.  M.I.Goldstein, B.Woodbridge, 

M.E.Zaccagnini,  S.B. Canavelli ,A.Lanussé , 

An assessment of mortality of Swainson’s 

hawks on wintering grounds in Argentina. 

Journal of Raptor Research, 30, 106, 1996.  

14.  M.I.Goldstein, T.E.Lacher, B.Woodbridge 

,G.P.Cobb ,R.Tribolet and M.J.Hooper, 

Monocrotophos-induced mass mortality of 

Swainson’s hawks in Argentina, 

“Ecotoxicology”, 8, 201, 1999. 

15. S.N.Wiemeyer, D.W.Sparling, Acute toxicity 

of four anticholinesterase insecticides to 

American kestrels, eastern screech owls and 

northern bobwhites. “Environmental 

Toxicology and Chemistry”, 10, 1139, 1991. 

16.  S.Bhattacharyya, M.Lahiri,T.Chattopadhyay  

“Indian Pediatrics”, 39,102-104, 2009. 

17. C.A.Chitra, V.R. Muraleedharan, 

T.Swaminathan, D.Veeraraghavan, “Int J 

Occup Environ Health”, 12, 228–233, 2006 . 

18.  International Programmeme on Chemical 

Safety. Monocrotophos: health and safety 

guide. Geneva: IPCS/World Health 

Organization, 2009. 

19.  Government of India, Ministry of Home 

Affairs. “Accidental deaths and suicides in India 

2007”, New Delhi, National Crime Records 

Bureau, 2009. 

20.  B.D.Gupta ,P.C. Vaghela , “JIAFM.”, 27(3), 

145-148, 2005 . 

21.  W.J.Hayes , E.R.Laws , “Handbook of pesticide 

toxicology”. New York: Academic Press, Inc. 

1991. 

22. World Health Organization. The WHO 

recommended classification of pesticides by 

http://www.nytimes.com/2008/03/30/opinion/30stutchbury.html?em&ex=1207108800&en=110a4c484f3ed9f9&ei=5087%0A
http://www.nytimes.com/2008/03/30/opinion/30stutchbury.html?em&ex=1207108800&en=110a4c484f3ed9f9&ei=5087%0A


International Journal of Scientific & Engineering Research, Volume 3, Issue 10, October-2012                                                           8 
ISSN 2229-5518 
 

IJSER © 2012 

http://www.ijser.org  

hazard and guidelines to classification. 

Geneva: WHO, 2009. 

23.  World Health Organization. Pesticide 

Poisoning Database in SEAR,2009. 

24.  Countries. Report of a Regional Workshop. 

New Delhi, India, 2009. 

25.  S.N.Chugh , S.Dushyant, Ram, B.Arora, 

K.C.Malhotra, “Indian J Med Res”,94: 232–35, 

1991. 

26.  International Programme on Chemical 

Safety. “MONOCROTOPHOS             

HEALTH AND SAFETY GUIDE". 1993.  

27.  Gunnell DJ, Brooks J, Peters T J., “J 

Epidemiol Community Health”, 50,   24–29, 

1996. 

28. K. Michel, P. Ballinari, U.Bille-Brahe et al. 

Methods used for parasuicide: results of the 

WHO/EURO Multicentre Study on 

Parasuicide. Soc Psychiatry Psychiatr 

Epidemiol, 35,156–63, 2000. 

29.  D.Owens, J.Horrocks, A.House, “Br J 

Psychiatry”; 99,181-193, 2002. 

30. A.J.Hruska, M.Corriols, The impact of 

training in integrated pest management 

among Nicaraguan maize farmers: increased 

net returns and reduced health risk. “Int J 

Occup Environ Health”, 8,191–200, 2002. 

31.  Commentary: Time for a re-assessment of 

the incidence of intentional and 

unintentional injury in India and South East 

Asia, “Int J Epidemiol” 36(1): 208-211, 2007. 

32.  Deaths from pesticide poisoning: a global 

response, “Br. J. Psychiatry”, 189(3), 201-203, 

2006.  

33. Epidemiology of intentional self-poisoning 

in rural Sri Lanka “Br. J. Psychiatry”, 187(6), 

583-584, 2005. 

34. The impact of pesticide regulations on 

suicide in Sri Lanka “Int J Epidemiol”, 36(6), 

1235-1242, 2007. 

35.  Suicidality among Battered Women in 

Tajikistan, “Violence Against Women”, 16(7): 

764-788, 2010.   

36. G.J.Hans, Mol. Raud., C.J.Van Dam, odile M. 

steijger, “Journal of Chromatography”, 

1015,119, 2003. 

37. N.Ismail,, M.Vairamani, M.R.Rao, “J. 

Chromatography”, 903, 255, 2000.  

38. N.M.Brito , S.Navickiene, L.Polese,E.F.G. 

Jardim ,R.B. Abakerli  and M.L. Ribeiro , “J. 

Chromatography”, 957, 201, 2002. 

39. V.K. Sharma , R.K. Jadhav, G.J.Rao,A. 

K.Saraft and H. Chandra, “Forensic Science 

International”, 48, 21, 1990. 

40.  Albanis, A.Triantafyllos, G.H.Dimitra, 

“Journal of chromatography A”, 707, 283, 1995.  

41.  Maria Psathaki, Manoussaridou Efi and 

Euripids G. Stephanou, “J. Chromatography 

A”, 667, 241, 1994. 

42.  S.P. Bhunya, G.B. Jena, “Mutation Research”, 

292, 231, 1993. 

43.  Dan Du, Jiawang Ding, Jie Cai and Aidong 

Zhang, “J. Electroanalytical 

Chemistry”, 605, 53,  2007. 

44.  Su Bum Lee and Si Hyeock Lee, “Pesticide 

Biochemistry and Physiology”, 88, 237, 2007. 

45. Shweta Agrahari, Kashev C. Pandey and 

Krishna Gopal, “Pesticide Biochemistry and 

Physiology”, 88, 268, 2007. 

46. Xiaolan Zhu, Jun Yang, Qingde Su, Jibao Cai 

and Yun Gao,                         “J. 

Chromatography A”, 1092, 161, 2005. 

47. P.Manisankar, S.Viswanathan, A.Mercy 

Pusphalatha  andC. Rani, “Analytica Chimica 

Acta”, 528, 157. 2005. 

48. Umesh K. Garg, Asim K. Pal, Gautam J. Jha 

and Sanjay B. Jadhao, “International 

Immunopharmacology”, 4,  1709, 2004, 

49. V.M.Patil, M.S.Shingare, “Talanta”, 41, 2127, 

1994. 

50. J.Rosales, R.D.Alfred Becker, “Analytica 

chimica Acta”, 56,127, 1971. 

http://www.inchem.org/documents/hsg/hsg/hsg80_e.htm#PartNumber:6
http://www.inchem.org/documents/hsg/hsg/hsg80_e.htm#PartNumber:6


International Journal of Scientific & Engineering Research, Volume 3, Issue 10, October-2012                                                           9 
ISSN 2229-5518 
 

IJSER © 2012 

http://www.ijser.org  

51. E.K. Janghel ,J.K.Rai,M.K.Rai and 

V.K.Gupta, “Journal of the Chinese Chemical 

Society”, 53, 343-347, 2006 . 

52.  Neil E. Garrett, H.Frank Srank , and 

D.Michael , “Mutation Research/Reviews in 

Genetic Toxicology”, 168, 301, 1986. 

53.  D.A. Salem, and Kh. Abd-El Ghaffar S., 

“Toxicology Letter”, 95, 213, 1998. 

54.  W.N. Aldridge , “Analyst”, 69, 262, 1994.  

55.  J.V.Das and V.K. Gupta, “Chem. Anal”. 

(Warsaw), 39, 693, 1994. 

 

 

 


