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A KINETIC SPECTROPHOTOMETRIC METHOD
TO DETERMINE THE INSECTICIDE METHYL
PARATHION IN COMMERCIAL FORMULATIONS
AND THE AQUEOUS ENVIRONMENT

C. CRUCES BLANCO and F. GARCIA SANCHEZ

Department of Analytical Chemistry, Faculty of Sciences, The University, 29071
Malaga, Spain ' 4

A simple kinetic-spectrophotometric method for the analysis of the organophosphate insecticide methyl
parathion is presented. The method is based on the alkaline hydrolysis of the insecticide into its main
metabolite p-nitrophenol. The influence of reaction variables (pH and temperature), and the effect of
other pesticides, are discussed. The calibration graphs (initial rate, fixed time, fixed absorbance) were
linear from 2 to 30 pug/ml. The precision was calculated for the different methods applied, the relative
standard deviation being 6.25%; for 4 ug/ml.

The proposed kinetic method can be applied directly to synthetic mixtures, commercial formulations
and different aqueous environment, with recoveries close to 100%,.

KEY WORDS: Kinetic method, spectrophotometry, methyl parathion, p-nitrophenol, commerical
formulations, water analysis.

1. INTRODUCTION

Under certain environmental conditions, the non-systemic organophosphate insec-
ticide methyl parathion (dimethyl p-nitrophenylphosphorothionate) can persist in
the ground and the aqueous environment during a few days or weeks 1,2 at ug/ml
levels. Its presence in these media makes it a potential hazard because of its high
mammalian toxicity as well as that of its major metabolite p-nitrophenol.

Its continuous use in agriculture® and the need of a legislation concerning
maxima residue limits in the environment, have rised the development of
numerous analytical methods. Most methods involve separatory techniques prior
to quantitation such as GC,*® TLC,”'° GLC,''-'3 LC'¢ and HPLC,>'"!? with
detection limits in the ng/ml levels. TLC is used as an alternative to GC in the
analysis of methyl parathion in environmental studies of air, soil, plants or
foodstuff.”-® However, due to the thermal lability of methyl parathion, the results
obtained uing GC are less feasible. Other techniques such as polarography?°-23 or
radioimmunoassay?* gave the best analytical sensitivity.

The detection technique most frequently used has been spetrophotometry. Direct
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spectophotometric analysis is always preferred,2*~27 but derivatization reactions
using different chromogenic reagents are usually employed.?®

Although kinetic methods were first employed long ago, in recent years the
kinetic approach to quantitative analytical chemistry has been widely used as an
alternative to the conventional equilibrium methods of analysis.2®-3! It is import-
ant to note that the specifications given by kinetic methods, especially sensitivity
and selectivity, depend on the monitoring technique, which could make the kinetic
approach particularly attractive and practical.

It is the aim of this paper to show the applicability of the kinetic methodology
with UV detection for the analysis of the insecticide methyl parathion in
commercial formulations and surface waters. The method is simple and rapid and
can compare favourably with those proposed earlier and could be used in routine
analysis with a simple equipment required.

2. MATERIALS AND METHODS
Apparatus

All spectra were monitored with a Shimadzu UV-240 Graphicord recording
spectrophotometer using quartz cells of 1c¢m path length. The cell compartment
was thermostatized by circulating water through a jacketed cell holder. A Selecta
Univeba-400 water-bath heater was used for temperature control between 0 and
100°C. Automatic pipettes (Mactrotransferpettor, 1-5ml, and Microtransferpettor,
0-100 ul) were used for liquid transferation into the test tubes.

The analytical signal changes were recorded at the maximum fixed wavelength
of 400nm on moving chart paper. All the analytical information was obtained
from the initial rate measurements.

Reagents

Stock solutions of methyl parathion (min. 999, Riedel-de-Haen, AG Seeclze,
Hannover, quality Pestanal) were prepared in acetone (Merck) at 1.32g/l. Sodium
hydroxide 0.5M and 2M solutions were of analytical reagent grade (Merck).
Redistilled water was used as solvent. Carbaryl, chlortholuron, fenitrothion,
promecarb and gusathion were also purchased from Riedel-de-Haen (quality
Pestanal, min. 99%) and propham from Serva, Feinbiochemica (99 9;). They were
all prepared in acetone at 1g/l.

Analytical Procedure
Place different aliquots of the stock solution of the insecticide (1.32g/l) in 15ml

test tubes to obtain final concentrations between 10-150 ug. To this, add different
volumes of NaOH (0.5 or 2M) to maintain, in all cases, a final volume of 5ml
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During measurements, keep all standards and reagent solutions at working
temperatures (25°C, NaOH 2M; 55°C, NaOH 0.5 M). Start the stop-watch when
the last drop of sodium hydroxide solution has been added. Monitor the
absorbance of the solution at the optimum wavelength of 400nm for 4 minutes,
starting the recording 30s after zero time. At this point, the initial rate (AA4/A¢) is
calculated.

Sample Preparation

Commercial formulations: Prepare vacuum filtration assembly consisting of 250 ml
filter flask, funnel holder, and 30 ml medium porosity fritted glass Biichner funnel.
Add accurately weighed sample containing 1.00+0.01 g of active methyl parathion
to Biichner funnel. Add 10ml of diethylether to funnel and leave to stand 5
minutes. Apply vacuum when all liquid is in filter flask. Add another 10ml to
funnel and repeat the operation two more times. Release vacuum and disassemble
apparatus. Quantitatively transfer contents of filter flask to a round-botton flask
and take it to near dryness on a rotary evaporator at 30°C. To the residue, add
15ml of acetone, stop it and mix well by inverting several times. Finally, transfer
the contents to a volumetric flask and dilute to a total volume of 25ml with
acetone. The final concentration was 40 mg/ml Aliquots of this solution were used
for the analytical determination.

Environmental water samples: For the analysis of run-off water, samples were
collected into 250 ml Pyrex containers from three water sources (two streams, and
one natural fountain) in Sierra Nevada (Granada, Spain) to give representative
samples of surface waters. Samples were stored for no more than 24h at 4°C in
the dark. Since methyl parathion was not found in the samples at levels above the
limit of detection of the procedure (2 ug/ml), microliter amounts of the standard
methyl parathion solution in acetone (1.32 g/l) were diluted with the run-off water
to give final concentrations between 7-13 ug/ml. Aliquots of 0.5m! were transferred
to 15ml test tubes and treated as described under analytical procedure.

3. RESULTS AND DISCUSSION
Influence of Reaction Variables

The alkaline hydrolysis of methyl parathion leads to its highly toxic and major
metabolite p-nitrophenol.?-2'-33 The reaction is fairly stow (130 minutes at 25 °C),
so the possibility of a kinetic-spectrophotometric determination of the insecticide
as an alternative to the spectrophotometric method based on the total conversion
to its metabolite?” was taken into account.

For a sensitive determination using spectrophotometry as the indicator tech-
nique, it is necessary to obtain a product reaction with a high molar absorptivity.
Previous experiments?” indicate that the transformation takes place when addition
of NaOH to the reagent solution is carried out. These results in a yellow
coloration of the solution which can be observed by a bathochromic shift of the
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Figure 1 Normal absorption of the hydrolysis process of methyl parathion into p-nitrophenol.
[Methyl parathion] =26.32 ug/ml; [NaOH]}=0.1M; T=45°C. Curve 1: 0 minutes; Curve 15: 45
minutes.

absorption maxima of methyl parathion (270nm) to that of p-nitrophenol
(400 nm), with a molar absorptivity of 17.200 mol/l.cm.

Absorption spectra of methyl parathion and its variation as a function of time is
shown in Fig. 1. The hydrolysis reaction rate was determined by monitoring the
increase in the absorbance measured at 400 nm at a function of time. This rate is
strongly influenced by the sodium hydroxide concentration, reagent concentration
and temperature. The effects of these variables on the reaction were studied to
obtain the optimum conditions to determine methyl parathion and to establish the
kinetic dependence of each of these variables.

The optimum concentration of a species was chosen by changing its initial
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concentration, the remaining variables being fixed. The optimum concentrations
are those at which the relative standard deviation in the initial rate measurements
is minimal. This is found when the reaction order of a species is zero or close to it
as possible, since then small fluctuations in concentration will not affect the initial
reaction rate as a result of the concentration independence of the initial rate on a
zero-order species.

The sodium hydroxide concentration was varied over the range 0.05-5M at
45°C and from 1-5M at 25°C to investigate its influence on the reaction rate. The
initial rate at both temperatures increases with the NaOH concentration with a
slight diminution at concentrations greater than 5M (25°C) and 1M (45°C),
respectively. Lower temperatures require higher NaOH concentrations to obtain
reasonable rate of methyl parathion hydrolysis.

From these experiments, it is deduced that the reaction is zero-order with regard
to the concentration of sodium hydroxide at both temperatures for concentrations
between 1 and 3M. Any NaOH concentration between this interval could be
chosen to measure the initial rate reaction in further experiments,

Temperature has also an important influence on the hydrolysis rate. Its effect
was studied for the total reaction recording the absorbance/time curves at different
temperatures over the range 25-55°C, at two fixed sodium hydroxide concent-
rations (0.5 and 2 M). Fig. 2 indicates that temperature influences greatly the initial
reaction rate. Both the reaction rate and the absorbance increase with increasing
temperature being maxima at 55 °C. With NaOH 0.5 M, there is a gradual increase
of both initial rate and absorbance but at NaOH2M and temperatures greater
than 45°C, the reaction is too fast and a slight diminution of the absorbance is
observed as a consequence of a decomposition process.

From these studies, two pairs of conditions of pH and temperature are
suggested to establish the proposed kinetic-spectrophotometric method for methyl
parathion:

[NaOH]=0.5M, Temperature =55°C
[NaOH]=2M, Temperature=25°C

A normal room temperature such as 25 °C has been chosen to make the method
as operative as possible for those situations where the thermostatization is not
possible. Temperatures greater than 55 °C have not been studied to consider that
the method would not be operative and the reaction too rapid to be followed.

The kinetic data, obtained by plotting logarithm of initial rate vs. logarithm of
concentration of the species, (sodium hydroxide and methyl parathion concent-
ration) gives a curve whose slope at a given concentration is equal to the reaction
order with regard to such species. In this case, the reaction is first-order in the
range 2 to 7ug/ml and 7 to 20 ug/ml at 25°C and between 13 and 30 ug/ml at
55°C.

Analytical Parameters

To study the concentration effect of the compound to be determined, methyl
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Figure 2 Absorbance/time curves at two NaOH concentrations (0.5 and 2M) and different tempera-

tures. [Methyl parathion] = 10 ug/ml.
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Table 1 Analytical parameters of the kinetic-spectrophotometric method for methyl parathion

Proposed Measurement Linear range Equation Correlation
method method uglml coefficient
Initial rate 2-13 log tga=1.49log C—3.32 0.9709
2-13 A=0.04C-0.02 0.9855
25°C Fixed time 10-30 A=298C-740 0.9924
2-13 log 1/T=153log C—2.06 0.9993
Fixed absorbance 10-30 log 1/T=1.00logC—1.62 0.9290
2-13 log tga=0.88log C—1.48 0.9882
Initial rate 10-30 log tga=1.03log C—1.94 0.9924
2-13 log A=0.88logC—0.89 0.9934
55°C Fixed time 10-30 A=0.05C+0.06 0.9987
2-13 1/T=0.14C+1.44 0.9982
Fixed absorbance 10-30 log 1/T=1.46log C—2.56 0.9963

parathion, different curves absorbance as a function of time at the maximum
wavelength of 400 nm have been recorded over the range 2 to 30 ug/ml at the two
pairs of conditions previously fixed.

To obtain the calibration graphs, three methods were employed: (a) the initial
rate method, by calculating the slopes (tga) of the plots of absorbance vs time for
different methyl parathion concentrations; (b) the fixed time method, by measuring
the absorbance after 3 minutes of reaction; and (c) the fixed absorbance method,
by measuring the time required for the reaction to reach a fixed absorbance value,
depending on the experimental conditions. The equations of the different calib-
ration graphs together with other analytical parameters are summarized in Table
1. It can be deduced from these values that the correlation between concentration
and signals at 55°C in all concentration ranges are better than that obtained at
25°C. For such a reason, the method being carried out at 55°C is further
recommended.

The theoretical detection limit defined as the minimum detectable quantity have
resulted to be 2ug/ml methyl parathion in both conditions, although more
accurate results are obtained at 55°C,

Due to the fact that two different experimental conditions are proposed, the
accuracy and precision of the analyses have been determined at 25°C and 55°C,
with 11 replicates of samples containing 4, 10, 20 ug/ml of methyl parathion,
respectively. The results, expressed as the relative standard deviation and relative
error for the different methods, indicate that the smaller values are obtained for
10 ug/ml at 55°C being 3.31%; and 2.22 %, respectively.

In general, both values are smaller for the initial rate, fixed time and fixed
absorbance method, except for the lower concentration level of 4 ug/m! where the
fixed time method give the best results.

Interference Studies

There could be different ways in which other agricultural chemicals might interfere
with the proposed kinetic method but, especially those which can decrease the
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Table 2 Interference study. Initial rate method at 55°C, NaOH=0.5M

Interferent* Concentration found, ug/ml Error, %,
Carbaryl (100) 378 —55
Chlortholuron (100) 3.63 -9.2
Fenitrothion (4) 4.20 +50
Propham (100) 417 +4.2
Promecarb (100) 3.55 —-11.2
Gusathion (20) 420 +50
Carbaryl (100) + Chlortholuron (100) 3.63 -9.2
Carbaryl (100) + Fenitrothion (1) 4.17 +4.2
Propham (100) + Gusathion (20) + Fenitrothion (1) 4.17 +4.2
Promecarb (100) + Gusathion (20) + Propham (50) 4.17 +4.2

*Concentration methyl parathion added =4 ug/ml; In parenthesis, concentration in ug/ml.

initial concentration of NaOH via their own alkaline hydrolysis, would be
expected to be sources of interference.

To evaluate the selectivity of the analytical method, having this in mind, a
number of commonly occurring pesticides in natural waters were examined. The
effect of the insecticides carbaryl, gusathion, fenitrothion, promecarb and the
herbicides chlortholuron and propham, under the conditions described for analy-
sis, were investigated.

The results obtained when applying the initial rate method on the determination
of 4 ug/ml methyl parathion in presence of 1,2 or 3 interferents are presented in
Table 2, using a tolerance criterion of x +2s,.3*

The fixed absorbance and fixed time methods were also applied, but the results
were not within the tolerance criterion selected. Thus, the initial rate method is
considered the most selective when carried out at 55°C and 0.5M sodium
hydroxide. Table 2 indicates that it is possible a 25:1 concentration ratio
(maximum ratio tested) for carbaryl, chlortholuron, propham and promecarb; 5:1
for gusathion and no greater than 1:1 for fenitrothion with positive and negative
errors within the tolerance criterion range.

Analysis of Methyl Parathion in Commercial Formulations and Environmental
Water Samples

The highly toxic agricultural chemical methyl parathion is used in large quantities
for insect control on cotton and other plants. In Spain, methyl parathion is part of
numerous commercial formulations alone or in mixtures with other pesticides as
phosalone, ethyl parathion, malathion, etc ...

FOLIDOL M-2 and PROBEL MP-2 insecticides are two of these formulations
containing methyl parathion as a 29 active ingredient, and are presented as wet-
table powders. Methyl parathion was extracted from the commercial formulations
by the cleanup technique of Sane?*® to demonstrate the applicability of the present
method to control their commercial specifications. The results are shown in Table
3.

For this determination, the samples were measured by the initial rate, fixed time
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Table 3 Analysis of methyl parathion in different commercial formulations

Commercial Sample  Initial rate method Fixed time method
Sformulation No.
25°C 55°C 25°C 55°C
(a) (b) (a) )] (a) (b) (a) (b
1 316 1.58 2.19 1.10 7.25 3.60 407 2.03
PROBEL MP-2 2 33 1.65 2.57 1.30 7.00 3.50 4.36 218
3 3.02 1.51 2.57 1.30 7.00 3.50 3.80 1.90
x+ts, 3164+0.14 1.58+0.07 2404020 123+0.10 7.10+0.14  3.504+0.06 4074028 204+0.14
1 398 1.99 251 1.25 5.75 2.90 3.09 1.54
FOLIDOL M-2 2 331 1.65 2.57 1.28 5.50 2.70 323 1.61
3 3.80 1.90 282 1.41 6.00 3.00 323 1.61
xts, 370+0.30 1.85+0.17 260+0.20 1.301+0.08 575+0.25 280+0.10 3.184008 1.60+0.04

) Concentration of methyl parathion found in ug/ml.
™ Percentage methy! parathion found in the commercial formulation. Label declaration =27,

149
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Table 4 Analysis of methyl parathion in different environmental water samples

Water*  Concentration ~ Recovery, %

Samples  added, ug/ml Initial rate method Fixed time method
25°C 55°C 25°C 55°C

7 147.28 116.36 123.28 103.19
1 10 117.75 104.50 116.80 97.37
13 118.38 90.54 121.15 95.64
7 140.57 115.00 117.00 83.14
2 10 121.80 100.03 121.50 77.60
13 119.61 95.77 117.54 78.85
7 152.28 115.14 113.57 99.00
3 10 127.10 . 10470 126.40 95.90
13 128.77 94.38 122.08 93.38

*Type of water: 1, River Darro, Sierra de Alfacar, 1300mts.; 2, Fountain of D. Manuel, Sierra Nevada,
1900 mts.; 3, River Genil, Sierra Nevada, 1200 mts in Granada (Spain).
*Mean value of three extractions and three determinations.

and fixed absorbance methods, but those obtained with the latter are not within
the confidence limits established, and the results have not been considered. The
method carried out at 55°C give the best results by both measurement methods
but at 25°C, the fixed time method give precise but not accurate results (average
value of 3.159; active ingredient, respect to 2% of the label specification).

As it has been indicated previously, under field application conditions, methyl
parathion could be expected to leave residues on the crops where is is applied and
can enter in surface waters draining the cropland.

To evaluate the applicability of the proposed kinetic method in natural water
samples, several different types of water from streams and natural fountains of
Sierra Nevada (Granada, Spain) were analyzed. The various water samples were
spiked with methyl parathion at several levels between 7 and 13 ug/ml and
analyzed as described. Typical quantitative results when applying the initial rate
and fixed time method are shown in Table 4.

Potential interference by other agricultural chemicals and organic compounds
naturally occurring in the water samples were not observed since none of the
water samples gave anomalous absorbance signals which interfered with the
determination of the pesticide, under the conditions described.

4. CONCLUSIONS

The kinetic approach using spectrophotometry as the detector technique have
proved to be a useful alternative to the conventional equilibrium method for the
analysis of the highly toxic organophosphorous insecticide methyl parathion. The
alkaline hydrolysis transformation carried out at two temperatures and two
different sodium hydroxide concentrations have permitted to establish an easy
method suitable to those laboratories which are not equipped with sophisticated
instruments.
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The good results obtained for the analysis of methyl parathion in a wide variety
of samples (synthetic mixtures, commercial formulations and environmental water
samples) demonstrated the applicability of the method for routine analysis.

Acknowledgement

We thank the Direccion General de Investigacion Cientifica y Técnica (Project PB86-0247) for
supporting this study.

References

1. S. Alluli, Anal. Chem. 48, 1259 (1976).

D. C. Paschal, R. Bicknell and D. Dresbach, 4nal. Chem. 49(11), 1551 (1977).

3. C. de Lifian y Vicente, Vademecum de Productos Fitosanitarios 85-86, Ed. C. de Liiian y Vicente,
Embajadores: Madrid, Spain (1985).

A. Vioque and T. Albi, Grasas y Aceites, 29(1), 37 (1978).

B. Ross and J. Harvey, J. Agr. Food Chem. 29, 1095 (1981).

H. Koshima and H. Onishi, Bunseki Kagaku 32(8), E251 (1984).

B. Keszthelyi and L. Mod, Acta Pharm. Hung. 43, 256 (1973).

Y. Inove, K. Fukuhara and M. Takeda, J. Food Hyg. Soc. Japan 18, 337 (1974).
9. S. N. Tewari and S. P. Harpalani, J. Chromatogr. 130, 226 (1977).

10. S. V. Bhaskar and N. V. N. Kumar, J. 4ss. Off. Anal. Chem. 64(6), 1312 (1981).
11. J. Singh and M. R. Lapointe, J. Ass. Off. Anal. Chem. 57(6), 1285 (1974).

12. J.J. Karr, J. Ass. Off. Anal. Chem. 60(4), 862 (1977).

13. M. Curini, A. Lagana, B. M. Petronio and M. V. Russo, Talanta 27, 45 (1980).
14. 1. J. Karr, J. Ass. Off. Anal. Chem. 63(5), 999 (1980).

g

P N o B

15. J. R. Ferreira and H. M. S. Silva Fernandes, J. Ass. Off. Anal. Chem. 63(3), 517 (1980).
16. H. Wollmann, H. Baver and W. Voelter, Mikrochim. Acta 11(1-2), 89 (1982).

17. E. R. Jackson, J. Ass. Off. Anal. Chem. 5%(4), 740 (1976).

18. X.-D. Ding and 1. S. Krull, J. Agr. Food Chem. 32(3), 622 (1984).

19. G.J. Clark, R. R. Gourdin and J. W. Smiley, Anal. Chem. 57, 2223 (1985).

20. M. Zietek, Mikrochim. Acta 11, 463 (1975).

21. M. R. Smith and J. G. Osteryoung, Anal. Chim. Acta 96, 335 (1978).

22. M. Zietek, Mikrochim. Acta 11, 75 (1979).

23, J. Hernandez Méndez, R. Carabias Martinez and J. Sanchez Martin, Anal. Chem. 58, 1969 (1986).

24. C. D. Ercegovich, R. P. Vallejo, R. R. Gettig, L. Woods, E. R. Bogus and R. O. Mumma, J. Agr.
Food Chem. 29, 559 (1981).

25. R.T. Sane and S. S. Kamat, J. Ass. Off. Anal. Chem. 65(1), 40 (1982).

26. D.E. Ott and F. A. Gunther, J. Ass. Off. Anol. Chem. 66(1), 108 (1983).

27. C. Cruces Blanco and F. Garcia Sanchez, Analusis 16, 215 (1988).

28. N. V. Nanda Kumar and M. Ramasuridari, J. Ass. Off. Anal. Chem. 63(3), 536 (1980).

29. R. A. Greinke and H. B. Marck, Jr., Anal. Chem. 50, 70R (1978).

30. H. A. Mottola and H. B. Marck, Jr., Anal. Chem. 52, 31R (1980).

31. F. Garcia Sanchez, A. Navas Diaz and J. J. Laserna, Anal. Chem. 58, 253 (1983).

32. G. G. Guilbault and G. J. Lubrano, Anal. Chim. Acta 43, 253 (1968).

33. J. F. Lawrence, C. Renault and R. W. Frei, J. of Chromatogr. 121, 343 (1976).

34. L. Sommer, M. Mangova and V. Kuban, Scripta Fac. Sci. Ujep Brunensis Chemia 8, 13 (1956).



