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A study was conducted to measure residues of 13 organophosphorus (OP) pesticides, widely used
as dairy cattle ectoparasiticides or in crops used for animal feed, in homogenized and pasteurized
Mexican milk samples. Four different milk brands with high distribution were collected biweekly during
a 12 month period (n ) 96) in supermarkets. OP pesticide residues were measured by gas
chromatography with a flame photometric detector. Approximately 39.6% of the samples contained
detectable levels of OP pesticide residues. Eight samples contained residues exceeding established
maximum residue limits (MRL), and the OP pesticides present in these samples were dichlorvos
(five samples), phorate, chlorpyrifos, and chlorfenvinphos (one sample, respectively). Average residues
of 13 OP pesticides measured were below established MRLs ranging between 0.0051 and 0.0203
ppm.
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INTRODUCTION

Organophosphorus (OP) pesticides can appear in milk due
to several possible causes: (a) use of insecticides directly on
dairy cattle for ectoparasite control; (b) pasture, forages, or
animal feed manufactured from plant material that has been
treated with insecticides; and (c) use of insecticides in stables
or diary factories.

It is well-known that OP pesticides are less stable and
persistent than organochlorine pesticides; however, there are
several reports of their presence in cow’s milk (1-7). Residues
of diazinon, chlorpyrifos, and malathion in levels of 0.005-
0.586 ppm (8-10), 0.059 ppm (5), and 0.110 ppm (5),
respectively, have been reported in milk.

OP pesticides are widely used in Mexico in animal husbandry
and in pasture, alfalfa, and crops for animal feed production.
No reports were found in the literature about OP pesticide
residue levels in milk produce in our country. Because monitor-
ing studies to detect pesticide residue levels in milk are very
important to determine dietary exposure, the aim of this work
was to study the possible presence in milk of the most
commonly used OP pesticides implicated in milk production
in our country.

MATERIALS AND METHODS

Sampling. Three commercial brands (A-C), with wide national
distribution, and one brand (D) produced and distributed by the
government for people of low resources were selected. Sampling was
done every 2 weeks over the course of a year, in supermarkets (brands
A-C) and in government stores (brand D).

Analytical Method. The Ministry of Welfare, Health and Cultural
Affairs, Leidschendam, The Netherlands, multiresidue method 5
(submethod 3) for the analysis of organophosphorus compounds in milk
(11) was used. Milk (50 mL) was blended with ethyl acetate (100 mL).
Sodium sulfate (50 g) was added, and the mixture was shaken and
then allowed to stand for 2-3 min. The upper layer was decanted, and
a 50 mL aliquot was evaporated to dryness in a rotating film evaporator
(35 °C). The residue was dissolved in hexane (10 mL) and then
extracted with 2× 25 mL of acetonitrile, saturated with hexane.
Combined acetonitrile phases were evaporated to dryness, as described
above. The residue was dissolved in 2 mL of ethyl acetate.

Chromatographic Analysis.The OP pesticides analyzed were chlo-
rfenvinphos, chlorpyrifos, coumaphos, diazinon, dichlorvos, dimethoate
disulfoton, ethion, fenthion, malathion, mevinphos, parathion-methyl,
and phorate.

A Hewlett-Packard model 5890 GC system equipped with a flame
photometric detector and a phosphorus filter (526 nm) was used. The
capillary column was a 25 m, 0.2 mm i.d., 0.25µm, HP-1 (100% methyl
silicone). The GC conditions were as follows: helium carrier gas flow,
1 mL/min; temperature program, from 40°C (2 min) to 170°C (30
°C/min) and finally to 280°C (3 °C/min). A three-point external
standard calibration using the standard mixture at 1, 5, and 10µg/mL
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of each pesticide was performed initially to establish the GC-FPD linear
range. The injection volume was 1µL.

Quality Assurance.The efficiency of the analytical method used was
determined prior to milk sample analysis. The method detection limit
(MDL) was estimated on the basis of the results of 10 replicate analyses
of a milk sample spiked at a level of 0.05µg/mL of each OP pesticide
standard. The MDL was calculated with the following formula: MDL
) t(0.99) × SD, wheret(0.99) is the Student’s one-tailedt value at the
99% confidence level and with (n - 1) degrees of freedom and SD is
the standard deviation of replicate analyses (12).

Peak areas of standards and extracts of spiked samples, run under
identical conditions, were compared to determine percentage recoveries.
Precision was determined from these data by calculating the coefficient
of variation (CV) of each OP pesticide under study.

During milk sample analysis, a milk control free from OP pesticide
residues and a fortified milk sample were included in each sample set.

RESULTS AND DISCUSSION

The method used demonstrated acceptable performance for
the OP pesticide residue analysis. The detector response was
linear in the range tested. The MDLs for 13 OP pesticides under
study ranged between 0.0050 and 0.019 ppm (Table 1), which
allowed compound detection under or near maximum residue
levels (MRLs) established in our country (13), which are similar
to those established in the Codex Alimentarius. No interfering
peaks with the same retention times were found in blank milk
samples (Figure 1); the selectivity and sensitivity of the flame
photometric detector for compounds containing phosphorus
resulted in easily interpreted chromatograms. In several samples
there were unidentified peaks suggesting the presence of other
OP pesticides. Recoveries of OP pesticides averaged 75.26%
(ranging between 60.04 and 98.89%) except for disulfoton,
ethion, and malathion, which had mean recoveries of 40%
(Table 1). In multiresidue methods it is very difficult to obtain
satisfactory results for all of the compounds analyzed (11), so
the method would be useful for detecting with confidence 10
of the 13 OP pesticides under study. Coefficients of variation
of recovery data ranged from 5.0 to 22.1%, with an average of
11.4%. Each pesticide recovery including the lower ones was
taken into account for calculating MDLs and residue levels.

OP pesticide residues were found in four milk brands
analyzed. Approximately 29% (milk A), 45% (milk B), 38%
(milk C), and 50% (milk D) of milk samples tested contained
OP pesticide residues. The numbers of samples exceeding the
MRLs established in our country were one (milks A and D),
four (milk B), and two (milk C). In each brand there were one
or several OP pesticide residues over the MRL. The OP

pesticides present in violative levels were chlorfenvinphos (0.236
ppm), chlorpyrifos (0.013 ppm), dichlorvos (0.066-0.299 ppm),
and phorate (0.048-0.173 ppm).

When total results (n ) 96) were analyzed, detectable residues
of 84% of positive samples were at levels below the corre-
sponding established Mexican limits.Table 1 summarizes the
residue level ranges (>MDLs) found, the means, and 95th
percentiles calculated by assigning the MDLs to samples with
nondetectable residues and to the positive samples with levels
under MDLs. Mean levels and 95th percentiles of pesticides
analyzed were under or close to MRLs established in our
country.

The presence of chlorfenvinphos and dichlorvos may be
explained due to their use as ectoparasiticides in dairy cattle.
Dichlorvos is also used for insect control in barns and silos.
The presence of chlorfenvinphos residues in raw milk has been
observed by Kituyi et al. (7). No reports of the presence of
dichlorvos in milk were found in the literature. This OP pesticide
is considered of low persistence, with security intervals ranging
between 5 and 12 h. However, Repetto et al. (14) considered
that sometimes the stability of this compound is underestimated
because they have found that dichlorvos residues may last for
20 days in rat tissues (blood, liver, muscle, and adipose tissue).

In the MexicanVeterinary Drug Dictionary(15) there are
no indicated withholding periods between the pesticide applica-
tion and milking. The lack of this information may generate
the presence of these residues in milk. The Codex Committee
on Veterinary Drugs (16) states the necessity of giving sufficient
and exact information to the users of these substances in order
to observe good veterinary practices and avoid toxic residues
in milk.

Chlorpyrifos and phorate residues may be present in milk
because of their use in crops destined for animal feed such as
alfalfa, sorghum, soy, and maize. The presence of these OP
pesticides contrasts with the opinion of Blüthgen and Heeschen
(17), who considered that metabolic breakdown of OP pesticide
is rather quick and that there is only a rare chance to observe
their residues in milk. Chlorpyrifos is one of the OP pesticides
with higher use in our country (18). El-Hoshy (5) has detected
the presence of chlorpyrifos residues in raw milk. Bolles et al.
(19) considered that chlorpyrifos residues are rarely detected
in food items purchased by consumers, for example, market
milk. This could possibly be true in the so-called first world,
but our results show that in developing countries the presence
of this OP pesticide may be of concern and confirms the

Table 1. Summary of Analytical Results

pesticide
% recovery

(CV)a
MDLb

(ppm)
no. of samples

> MDL
residue level
range (ppm)

residue
meanc

(ppm)

95th
percentiled

(ppm)
MRLe

(ppm)

dichlorvos 63.0 (15.4) 0.014 6 0.0146−0.2994 0.0203 0.0146 0.020
mevinphos 60.2 (16.7) 0.016 1 0.0160−0.0354 0.0162 0.0160 ne
phorate 75.1 (12.8) 0.014 2 0.0481−0.1728 0.0160 0.0140 0.050
dimethoate 81.1 (9.1) 0.012 1 0.0120−0.0161 0.0120 0.0120 ne
diazinon 83.6 (9.8) 0.013 0 <MDL 0.0130 0.0130 0.020
disulfoton 33.0 (10.6) 0.0050 1 0.0050−0.0107 0.0050 0.0050 ne
parathion-methyl 60.0 (5.0) 0.0050 4 0.0068−0.0253 0.0050 0.0050 ne
malathion 47.2 (22.1) 0.019 1 0.0190−0.0271 0.0019 0.0019 ne
fenthion 75.5 (11.9) 0.013 0 <MDL 0.0013 0.0013 0.050
chlorpyrifos 94.4 (6.6) 0.0090 1 0.0133 0.0090 0.0090 0.010
chlorfenvinphos 98.9 (5.0) 0.0080 3 0.0117−0.2063 0.0080 0.0080 0.008
ethion 43.3 (13.8) 0.0090 0 <MDL 0.0090 0.0090 0.020

a Coefficient of variation. b Method detection limit. c,d Calculated by assigning the MDL to the samples with nondetectable residues or with residue levels under the MDL.
e Mexican maximum residue limits in milk; ne, not established in milk.
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necessity of further studies in the stability and transfer of OP
pesticide residues from animal feed to milk.

In the Mexican Official Catalog for Registered and Recom-
mended Pesticides Uses (13), there are no indicated security
intervals for the pesticide phorate, which could favor the
presence of this residue in foodstuffs and consequently in milk.
The presence of this pesticide in milk would be of concern
because of its very high toxicity.

For the five samples with the highest violative OP pesticide
residues, daily intakes were calculated and compared to accept-
able daily intakes (ADI) established for each pesticide, to
determine possible dietary risk. Two cases were assumed: a
10 kg child and a 60 kg adult, drinking 500 mL of milk daily.
Dichlorvos (three samples), chlorfenvinphos (one sample), and
phorate (one sample) were 1.18, 2.45, 3.75; 5.5; and 17.28 times,
respectively, over the ADI for the child case. For the adult case,
only the sample with phorate residues exceeded 2.88 times the
ADI.

The presence of some samples with OP pesticide residues
over the MRL and ADI values could be a possible risk to
consumers health, especially children. It is of concern that
homogenized pasteurized milk presents violative residues,
considering that it is bulk milk mixed from several producers,
which should present reduced residue levels and that the
pasteurization treatment should also decrease them (5,20).

Blüthgen and Heeschen (17) stated that OP pesticide residues
in milk are low and MRL violations are unlikely to occur
(especially for ectoparasiticides), However, the situation seems
to be different in developing countries, where handling of these
highly toxic substances is not always done in accordance with
good agricultural and veterinary practices, in addition to the
lack of regular food-monitoring programs.

To protect consumers’ health it would be necessary for milk
producers, dairy industries, universities, and authorities, in
developing countries, to collaborate to try to reduce toxic
residues in such an important food as milk.
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