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The organochlorine pesticides are lipophilic and persistent and tend to accumulate in soils and growing
plants. The contamination of growing plants occurs by adhesion of volatile substances from the air
to the plant surface and by the migration of contaminants through xylem in inner ascendant transport.
Persistent organochlorine pesticides (HCB, R,γ-HCH, pp′DDE, op′DDT, pp′DDT) levels were
determined in soils and rye plants. The aims of the study were the monitoring of organochlorine
pesticide concentrations and the comparison of these levels among soil, rye straw, and rye grains.
Fifty soil samples and 50 rye plant (50 straw and 50 grains) samples were taken. The GLC-ECD
chromatographic results indicated the following contamination levels distributed among soil, straw,
and grains: HCB (0.7-1.2-0.7 µg‚kg-1), R-HCH (0.6-3.4-1.2 µg‚kg-1), γ-HCH (1.8-27.3-4.4
µg‚kg-1), Σ-HCH (2.5-30.7-5.6 µg‚kg-1), pp′DDE (1.0-7.8-5.5 µg‚kg-1), op′DDT (16.1-20.4-
17.0 µg‚kg-1), pp′DDT (38.0-41.7-49.6 µg‚kg-1), and Σ-DDT (54.2-63.2-72.1 µg‚kg-1). The study
verified the presence of organochlorine pesticides in the Mexican agricultural environment and their
migration from soil to the growing rye plants. However, DDT has been banned since 1999 for sanitary
reasons, and Lindane is applied only in some cases as a seed dresser. The determined organochlorine
pesticide levels in rye plants are low, at residual levels that are below Codex Alimentarius Commission
maximum residue limits.
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INTRODUCTION

Farm plants participate in the migration of pesticides, which
were applied for plant protection. This phenomenon is caused
by retention, which modifies volatile substance exchange
processes between soil and air (1, 2). One consequence of this
process is the introduction of pesticide residues to the forage
of ruminants (3-7). The pesticides that are found in the soil
and in the vapor phase enter the plants in different ways. These
routes include their penetration into the roots and subsequent
translocation through xylem (8-12), direct vapor adsorption on
the leaves (13-17), and dry or wet direct deposition over plant
surfaces. Additionally, the suspended particles that come from
contaminated soils are blown by the wind and the rain and are
captured later by growing plants. These particles can contribute
to the additional contamination that affects great areas of soil
(18).

The particle and vapor depositions are phenomena of great
importance in the interaction of the atmosphere with plants (16).
The pesticide residues in the air can exist as gases or are bound
to suspended particles (19). Great efforts were made to model

the transference relationships between the agriculture contami-
nant vapors and their deposition on the particles in dry and wet
conditions (4,15, 20, 21).

The bibliographic data suggest that the atmospheric deposition
of particles can constitute an important supply of organic
semivolatile contaminants to the plants and that vapor liberation
from soils to the aboveground vegetal surfaces indicates an
important reentry of contaminants to the environment (18, 21-
23). Cold temperatures promote the deposition and accumulation
of organochlorine pesticides. Particularly, the more volatile
pesticides, which tend to evaporate in warmer areas, are
transported by air currents and deposited in colder areas (2, 24).

Organochlorine pesticides such as hexachlorobenzene (HCB),
hexachlorocyclohexanes (HCHs), dichlorodiphenylethane (DDT),
dichlorodiphenylethene (DDE) have been applied since the
1940s in plant protection and sanitation throughout the world.
Their use permitted the protection of agricultural efforts,
assurance of harvest, and combat of vector-transmitted diseases.
Beginning in 1990 in Mexico, the use of DDT was restricted
only to sanitary efforts, and since 1999 it has been banned.
Lindane (γ-HCH) is permitted only as a dresser for seed
protection. The common characteristic of these pesticides is their
persistence in the environment and bioconcentration in lipidic
part of organisms.
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The aim of the work was to know the concentrations of
persistent organochlorine pesticides (HCB,R,γ-HCH, pp′DDE,
op′DDT, pp′DDT) in the soils and in parts of rye plants (straw
and grains). The observed contamination of rye plants was
originated by their internal transport and external adhesion of
particles and vapors. This resulted from their environmental
behavior after the past use of these pesticides in plant protection
and sanitation.

MATERIALS AND METHODS

During the autumn of 2003, before the harvest, soils and rye plants
were sampled from different fields in the states of Puebla and Mexico
in the Mexican Republic. In these fields, DDT and Lindane had not
been applied as insecticides for at least 10 years. Nevertheless, the
insecticide Lindane has been used in some cases as a seed dresser to
protect against fungus during storage prior to seeding.

Sampling.Fifty soil samples were taken with an Engler stick (5 cm
i.d.) to a depth of 10 cm, according to the method described by Cochran
(25) for the total surface cover, taking∼4 kg of soils. In each field,
the samples were homogenized to obtain a representative one. Ap-
proximately 500 g of the homogenized sample was stored in a glass
jar with a cover and taken to the laboratory. The soil samples were
then dried for 2-3 days under the laboratory’s ambient conditions and
sifted through a 0.2 mm2 sieve to obtain a homogeneous dried sample
that was stored in the glass jar at a temperature of-20 °C until
analyzed.

Fifty rye plant samples were obtained by cutting 30 entire plants at
10 cm above the soil surface for one sample, in the same fields where
the soil samples were taken. The plants were wrapped in the fields
with paper filters and transported to the laboratory. In the laboratory,
the rye plants were separated into grains and straw and milled to obtain
a uniform powder and representative samples. The milled grain and
straw samples were stored in glass jars at-20 °C until analyzed.

Qualitative and Quantitative Organochlorine Pesticide Deter-
mination. The determinations of organochlorine pesticides were done
by gas chromatography on a Varian 3400CX gas chromatograph with
an electron capture detector. The pesticides studied were separated on
an SPB-608 320µm i.d. and 30 m long capillary column with a
temperature program from 193°C (7 min) to 250°C at 6 °C/min,
holding for 20 min. The carrier gas was nitrogen at 25 cm/min, and 1
µL was injected in splitless mode. The gas chromatograph-mass
spectrometer (Varian model 3800, Saturn 2000 GC-MS-MS) was
used to confirm the determination of compounds corresponding to
organochlorine pesticide peaks. The confirmation of peaks equivalent
to organochlorine pesticides, eluted from the SPB-608 30 m× 0.32
mm i.d. capillary column, was done by comparing the obtained mass
spectra of substances from extracts to those of standard substances,
selecting the following specific ions from an ion trap detector (m/z
values) of HCB. M+ 282: 249, 214, 142 of HCH isomers. M+ 288:
254, 219, 181 of pp′DDT and op′DDT. M+ 352: 235, 199, 165 of
pp′DDE. M+ 318: 246, 210, 176. In the analyzed samples, from the
HCH isomers, only the presence ofR- andγ-HCH was confirmed in
the monitored soil and rye samples.

Analytical Methods. Soil. The analysis was done according to the
method previously described by Waliszewski and Szymczynski (26).
Twenty grams of soil sample was placed into a round-bottom flask of
250 mL, and 50 mL of an acetonitrile/acetic acid/water (30+10+10)
mixture was added. The contents were left in darkness for 16 h.
Thereafter, the contents were boiled under reflux for 15 min, left to
cool, and decanted to a 500 mL separatory funnel. Another 50 mL of
extraction mixture was added to the soil sample, and the contents were
boiled again for 15 min. The extract was cooled and filtered into the
separatory funnel, combining it with the previous one. To the combined
extracts was added 300 mL of distilled water, and the contents were
mixed. The organochlorine pesticides were extracted three times with
50 mL of hexane each time, and the extracts were combined in another
separatory funnel. To remove residues of acetic acid and acetonitrile,
the hexane extracts were washed twice with 50 mL of distilled water.
Then, the extract was dried by passing it through a sodium sulfate layer

to a round-bottom flask. The extract was rotary evaporated to a few
milliliters. The concentrated extract was transferred quantitatively to a
10 mL calibrated tube. One milliliter of concentrated sulfuric acid was
added, and the contents were vigorously shaken for 1 min and left for
3 min to obtain good phase separation. The hexane extract was passed
through the sodium sulfate into a 50 mL round-bottom flask. The
sodium sulfate was washed with hexane, and the combined extract and
washes were rotary evaporated to a few drops. The concentrate was
transferred to a 1 mLvolumetric tube and adjusted with hexane to
obtain a final volume of 1.0 mL.

Grain and Straw.The analysis was done according to the method
previously described by Waliszewski et al. (27). Ten grams of sample
was weighed into an Erlenmeyer flask (250 mL), and 150 mL of an
acetonitrile/water (65+35) mixture was added. The contents were left
in darkness for 16 h. Thereafter, the contents were homogeneized in
the Ultra-turrax homogenizer for 3 min. The supernatant was decanted
into a 1000 mL separatory funnel. The extraction procedure was
repeated twice with 100 mL of extraction mixture each time. To the
combined extracts in the separory funnel was added 500 mL of a 5%
sodium sulfate water solution, and the contents were mixed. The
organochlorine pesticides were extracted three times with 100 mL of
hexane each time, and the extract was dried by passing it through a
sodium sulfate layer and collected in a round-bottom flask. The
combined extracts were rotary evaporated to a few millilliters and
quantitatively passed to a 10 mL calibrated tube; the volume was
adjusted to 10 mL. One milliliter of concentrated sulfuric acid was
added, and the contents were vigorously shaken for 1 min and left for
3 min to obtain good phase separation. The hexane phase was passed
through the sodium sulfate into a 50 mL round-bottom flask and rotary
evaporated to a few drops. The concentrated extract was transferred to
a 1 mL volumetric tube and adjusted with hexane to obtain a final
volume of 1.0 mL.

For the cleanup of soil and grains extracts, sulfuric acid was
employed, which precipitates organic substances of soil and vegetable
origin and hydrolyzes the bound pesticides to the organic matrices (28).
The sulfuric acid removes some environmental compounds, such as
phthalate esters. Because they are ubiquitous, they propagate in the
environment and interfere in the chromatographic determinations,
overlapping the peaks of organochlorine pesticides, including HCHs
and DDTs (32).

Analytical Quality Study.To evaluate the quality of the analytical
methods, a fortification study at the level 1-5 µg‚kg-1 was performed
using the following pesticides: HCB,R-HCH, γ-HCH, pp′DDE,
op′DDT, and pp′DDT. The standard solution was added to soil, straw,
and grain blank samples with contamination levels below the detection
limit of 0.2 µg‚kg-1. The obtained results of the mean recoveries and
their standard deviations are presented inTable 1. The mean recovery
for soil samples oscillated between 94.3 and 99.1%, that for straw
between 90.9 and 94.6%, and that for grains from 92.2 to 95.3% with
a standard deviation between 1.8 and 8.8%, indicating the excellent
recovery of pesticides studied from fortified samples.

Statistical Analyses.The statistical calculations for each organochlo-
rine pesticide determined in the samples of soil, straw, and grains were
done for mean (X) concentration, standard deviation of the mean (SD),
standard error of means (SEM), median, and 95% confidence intervals
(95% CI) of the distribution. Moreover, the results were paired
according to the sample type (soil, straw, and grain) to express the
magnitude of lineal relationships among them, comparing the means

Table 1. Mean and Standard Deviation of Recovery from Fortification
Study Made on Soil, Straw, and Grain Blank Samples

pesticide soil straw grain

HCB 98.3 ± 2.6 91.2 ± 3.6 93.4 ± 3.1
R-HCH 99.1 ± 2.2 94.6 ± 2.9 95.3 ± 4.2
γ-HCH 98.9 ± 1.8 93.8 ± 4.1 95.1 ± 4.9
pp′DDE 97.9 ± 1.9 92.7 ± 6.5 93.3 ± 6.1
op′DDT 97.1 ± 7.1 90.9 ± 7.1 92.2 ± 6.5
pp′DDT 94.3 ±2.8 94.6 ± 8.8 95.1 ± 5.9
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and calculating two-tailedp value and the Pearson correlation coef-
ficients (r). The statistical software Minitab 12 was used.

RESULTS AND DISCUSSION

In the autumn of 2003, 50 soil and 50 rye plant samples,
separated into straw and grains, were collected in the states of
Puebla and Mexico in the Mexican Republic. The samples were
analyzed to determine the organochlorine pesticide levels in the
soil and rye plants exposed to the residues. The source of the
residues is considered as coming from environmental contami-
nation. Because these pesticides are not more used in Mexico
anymore, their origin is thought to be caused from past sprayings
done by the Ministry of Health to combat malaria and
ectoparasites as well as from agricultural use as a seed dressing.
The additional source is from their past use and accumulation
in agricultural soils and their posterior volatilization. To classify
the soil type, chemical analyses were done. The obtained results
of fifty analyzed samples are summarized inTable 2. This table
shows the physicochemical characteristics of soil samples. On
the basis of the results, the soils are classified as sandy soils.
These soils have limited microbiological activity, with a low
intensity of metabolic processes that reveal adsorptive capacity
of environmental contaminants (9,17).

Tables 3,4, and5 show the detailed data of frequencies of
determination (%), mean values (µg‚kg-1), SD, SEM, median
values (µg‚kg-1), and 95% CI of organochlorine pesticides
(HCB, R-HCH, γ-HCH, Σ-HCH, pp′DDE, op′DDT, pp′DDT,

and Σ-DDT) determined in soil, straw, and grain samples,
respectively. In the soil samples, the lower frequency cor-
responded to pp′DDE, which was 12%, which is the most
persistent metabolite of insecticide pp′DDT. The phenomenon
can be explained by the small quantities of organic matter, which
implies limited microbiological activity of monitored soils with
low biochemical activity to pesticide metabolism and volatiliza-
tion from soil. TheR-HCH isomer, which is a bioisomerization
product of the insecticide Lindane (γ-HCH), was detected in
56% of analyzed soil samples. In environmental conditions, the
insecticide Lindane (γ-HCH), from activity of the microorgan-
isms and sunlight, is transformed to theR-HCH isomer (30).
From the analyzed soils, the insecticide Lindane (γ-HCH), which
arose from agricultural plant protection activities, such as seed
dressing, was determined in 74% of samples. The samples
studied contained 60% HCB, which is considered to be a
ubiquitous environmental pollutant of industrial origin. However,
all of the soils presented residues of op′DDT and pp′DDT in
100% of analyzed samples.

In the rye straw samples, the lower frequency (70%)
corresponded to HCB, and all remaining pesticides were present
in 100% of analyzed samples. The frequency of the determined
pesticides can be explained by the adsorption capacity of vegetal
materials that adsorb the volatilized pesticides from contami-
nated agricultural soils, physicochemical characteristics of these
contaminants, the historical use of the soils under agricultural
activities, and drift from other regions.

In the monitored rye grains, the lower frequency corresponded
to HCB with a value of 6%, and all remaining pesticides showed
100% presence in the analyzed samples. The observed grain
contamination can be caused by the equilibrium among tissues
during phloem distribution of absorbed compounds with an
ascendant flow from the roots and their posterior selective
accumulation in the grains (13).

The analyses of organochlorine pesticide distribution among
the three compartments, soil, straw, and grains, are summarized
in Table 6. The higher level of HCB (1.2µg‚kg-1) corresponds
to the straw, which diminished to 0.7µg‚kg-1 in soil and grains.
The elevated concentrations of straw samples can be justified
by a greater adsorption capacity of the straw, continuous uptake
by aerial tissues, and extended contact with the pesticide vapors
that circulate in the environment. In general, the HCB levels
determined in the samples studied were low and only 3-5 times
superior to the ones established for HCB detection limit of 0.2
µg‚kg-1. The smallest concentration (0.6µg‚kg-1) of R-HCH
was determined in soil samples, a level that increased from 1.2
µg‚kg-1 in grains to 3.4µg‚kg-1 in straw samples. The higher
contamination levels in vegetable materials could be caused by
their intense adsorption capacity and conjugation reactions that
bind circulating pesticides to different organic structures of plant

Table 2. Results of Chemical Analyses of Soils from Field Studied

parameter value parameter value

P2O5 (mg%) 10.5−14.1 % of carbon 0.63−0.79
K2O (mg%) 7.6−28.7 % of organic matter 1.00−1.41
Mg (mg%) 0.7−0.15 clay (%) 18.1−20.9
KCl (mg%) 3.6−4.0 silt (%) 17.9−22.7
pH 0.60−0.81 sand (%) 53.6−64.7

Table 3. Frequency, Mean Values and Standard Deviations (X ± SD),
Standard Errors of Means (SEM), Median, and 95% Confidence
Intervals (CI) of Organochlorine Pesticides in Soil

95% CI

pesticide
frequency,

%
X ± SD,
µg‚kg-1 SEM median lower upper

HCB 60 0.7 ± 0.4 0.1 0.6 0.5 0.8
R-HCH 56 0.6 ± 0.2 0.1 0.7 0.5 0.7
γ-HCH 74 1.8 ± 0.9 0.1 1.6 1.5 2.1
Σ-HCH 2.5 ± 3.3 0.5 1.9 1.4 3.5
pp′DDE 12 1.0 ± 0.2 0.1 1.0 0.8 1.2
op′DDT 100 16.1 ± 7.6 1.1 14.0 13.9 18.3
pp′DDT 100 38.0 ± 16.0 2.3 38.0 33.4 42.6
Σ-DDT 54.2 ± 21.3 3.0 53.0 48.1 60.3

Table 4. Frequency, Mean Values and Standard Deviations (X ± SD),
Standard Errors of Means (SEM), Medians, and 95% Confidence
Intervals (CI) of Organochlorine Pesticides in Straw

95% CI

pesticide
frequency,

%
X ± SD,
µg‚kg-1 SEM median lower upper

HCB 70 1.2 ± 0.4 0.1 1.2 1.0 1.4
R-HCH 100 3.4 ± 1.1 0.2 3.6 3.1 3.8
γ-HCH 100 27.3 ± 8.3 1.1 27.1 24.9 29.6
Σ-HCH 30.7 ± 9.0 1.3 31.6 28.1 33.3
pp′DDE 100 7.8 ± 2.2 0.3 8.0 7.2 8.5
op′DDT 100 20.4 ± 6.9 0.9 20.0 18.4 22.4
pp′DDT 100 41.7 ± 12.7 1.8 44.0 38.1 45.3
Σ-DDT 63.2 ± 18.2 2.5 65.0 58.1 68.4

Table 5. Frequency, Mean Values and Standard Deviations (X ± SD),
Standard Errors of Means (SEM), Medians, and 95% Confidence
Intervals (CI) of Organochlorine Pesticides in Grains

95% CI

pesticide
frequency,

%
X ± SD,
µg‚kg-1 SEM median lower upper

HCB 6 0.7 ± 0.2 0.1 0.6 0.3 1.1
R-HCH 100 1.2 ± 0.5 0.1 1.2 1.1 1.3
γ-HCH 100 4.4 ± 1.9 0.3 4.3 3.8 4.9
Σ-HCH 5.6 ± 2.3 0.3 5.5 4.9 6.3
pp′DDE 100 5.5 ± 2.9 0.4 5.0 4.7 6.3
op′DDT 100 16.9 ± 13.1 1.8 12.5 13.2 20.7
pp′DDT 100 49.6 ± 27.9 3.9 55.0 41.6 57.5
Σ-DDT 72.1 ± 41.3 5.8 77.0 60.3 83.8
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constituents. The differences between straw and grains are
significant, indicating the existence of an inner distribution of
R-HCH from soil to the grains through the straw. It also
indicates that the straw adsorbs additionally volatilized pesticide
vapors that surround the growing plants. The lowest concentra-
tion of Lindane (γ-HCH), 1.8µg‚kg-1, was determined in soil
samples, a level that increased from 4.4µg‚kg-1 in the grains
to a significant 27.3µg‚kg-1 in the straw samples. The observed
differences among samples studied indicated that the volatilized
pesticide vapors are the principal contamination source of
growing plants. The contact surface and its adsorption capacity
are the principal factors that influence the contamination rate
of growing plants (31-34). Analysis of the HCH total (Σ-HCH
) R-HCH + γ-HCH) levels revealed that it follows the tendency
of Lindane concentrations. The highest contamination cor-
responded to the straw samples with 30.7µg‚kg-1, which
decreased significantly to 5.6µg‚kg-1 in grains and to 2.5
µg‚kg-1 in soils. The tendency ofΣ-HCH was produced by
Lindane, which dominated as the principal contaminant.

Among DDTs, the smaller level of these residues was
determined for pp′DDE, 1.0µg‚kg-1, in monitored soils. The
level ascended to 5.5µg‚kg-1 in grains and to 7.8µg‚kg-1 in
straw. The observed differences in pp′DDE concentrations
among growing rye plants are in agreement with the observa-
tions of Waliszewski (13) and Leone et al. (32) about the
increase of organochlorine pesticide concentrations from soil
to the growing plants. The low level of pp′DDE determined in
the soils can be due to limited metabolic processes occurring
in the soil studied. These are caused by low quantities of organic
matter that do not allow microbiological growth, and their
activities retard degradation rates of pp′DDT to pp′DDE (35).
The op′DDT follows the tendency of pp′DDE, showing 16.1
µg‚kg-1 in soil, 16.9µg‚kg-1 in grains, and 20.4µg‚kg-1 in
straw. The deposits of contaminated soil particles adsorbed by
the plants are considered to be a principal contamination source
for the growing plants in polluted fields. The rye roots absorb
the organochlorine pesticides disseminated in the soil, which
are then distributed to the plant (13). The straw and grains store
the op′DDT caused by the adhesion processes according to the
organic matter content and to the inner distribution and
ascendant circulation. Finally, the pesticides present the equi-
librium reached in the rye plants. The higher contamination of
the straw could be caused by an additional source. Perhaps it
was constituted by atmospheric transport and deposition on the
plant surface and by the adhesion of op′DDT vapors volatilized
from contaminated soils.

From the organochlorine pesticides studied, the higher
concentration corresponded to the insecticide pp′DDT, which
reached 38.0µg‚kg-1 in the soils, 41.7µg‚kg-1 in the straw,
and 49.6µg‚kg-1 in the grains. For pp′DDT, the stepwise
increase of concentrations from the soil to the grains can be

observed. In general, the pp′DDT concentration distribution from
the soil to the grains presented significant differences observed
for the other compounds studied. The higher concentration of
pp′DDT observed in rye grains can be caused by a special
copartition coefficient that favors the grain compartment and
its constituents, resulting in its important accumulation in the
grains. The DDT total (Σ-DDT) levels were influenced by
pp′DDT contents and followed the pp′DDT profile in rye plants,
indicating 54.2µg‚kg-1 in soils, 63.2µg‚kg-1 in straw, and
72.1 µg‚kg-1 in grains.

To evaluate the intensity of metabolic processes and aged
sources of DDT enhanced in the agricultural environment, the
pp′DDE/pp′DDT ratio was calculated. The obtained values were
0.026 for the soil, 0.187 for the straw, and 0.111 for the grains,
indicating low metabolic activities of the soils studied and
significantly higher metabolic activities of rye plants. The ratio
pointed out that metabolic reactions may occur in the vegetable
and on the vegetation surface. Also, recent sources of DDT in
this region cannot be excluded (36). This is because DDT is
present in agricultural and urban soils and still volatilizes and
drifts to other regions, where it deposits on vegetation surfaces.

Comparing the pesticide residue levels between soil and rye
plants, the HCHs evidenced their higher concentration in straw,
dominated by Lindane (γ-HCH), whereas the DDTs showed
their major concentration in rye grains, dominated by pp′DDT.
The observed differences can be explained by the elevated
volatility of HCH isomers (vapor pressure ofγ-HCH ) 5.6 mPa)
compared to the pp′DDT (vapor pressure) 0.025 mPa) and
their higher adsorption possibilities, copartition coefficients, and
inner distribution to the elements of growing plants (17, 23,
37). The distribution of more volatile organochlorine pesticides
increased their concentrations at higher altitudes, whereas the
less volatile are either unrelated or inversely correlated with
altitude (24). The chemical partition between air and plant
surfaces influences the storage and distribution in soluble
cuticular lipids of the plant. The subsequent chemical exchange
between air and vegetation considers the power of volatile
constituents, lignins and tannins, which may influence the
lipophilic nature of plants.

For each sample group, to determine the statistical signifi-
cance of differences among organochlorine pesticide levels
determined in the samples studied, the results were paired to
calculate circumstantial correlation expressed by two-tailedp
value and Pearson correlation coefficient (r). The calculated
results are provided inTable 7. For HCB the differences
between soil and straw means are significant (p ) 0.001 andr
) 0.065), signifying bad correlation, whereas the relationship
between straw and grain was not significant (p) 0.395). For
R-HCH, the calculated differences among means were signifi-
cant (p) 0.001) and the correlation coefficients indicated a
lack of correlation among soil, straw, and grains and the

Table 6. Comparison of Frequencies and Mean Values and Standard Deviations (X ± SD) of Organochlorine Pesticide Levels among Soil, Straw,
and Grain Samples

soil straw grain

pesticide frequency, % X ± SD, µg‚kg-1 frequency, % X ± SD, µg‚kg-1 frequency, % X ± SD, µg‚kg-1

HCB 60 0.7 ± 0.4 70 1.2 ± 0.4 6 0.7 ± 0.2
R-HCH 56 0.6 ± 0.2 100 3.4 ± 1.1 100 1.2 ± 0.5
γ-HCH 74 1.8 ± 0.9 100 27.3 ± 8.3 100 4.4 ± 1.9
Σ-HCH 2.5 ± 3.3 30.7 ± 9.0 5.6 ± 2.3
pp′DDE 12 1.0 ± 0.2 100 7.8 ± 2.2 100 5.5 ± 2.9
op′DDT 100 16.1 ± 7.6 100 20.4 ± 7.0 100 16.9 ± 13.1
pp′DDT 100 38.0 ± 16.0 100 41.7 ± 12.7 100 49.6 ± 27.9
Σ-DDT 54.2 ± 21.3 63.2 ± 18.2 72.1 ± 41.3
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individual character of deposition ofR-HCH in rye plants. The
comparison done for Lindane (γ-HCH), which calculates
differences between the mean concentration of the insecticide
manifested for the three compartments studied (soil, straw, and
grains), contains different quantities of Lindane and the means
are different (p) 0.001). The Pearson correlation coefficients
were low, expressing an absence of correlation among sample
groups. The same tendency was revealed for total HCH (Σ-
HCH), showingp ) 0.001 and lower (r) values. A lack of
correlation between each sample group of rye grown in the
monitored fields was manifested.

The mean DDT concentrations in the samples studied
presented different behaviors. For pp′DDE, relationships be-
tween only straw and grains were possible to calculate,
indicating significant differences,p ) 0.001, r ) 0.052, and
no correlation. The op′DDT showed ap ) 0.006 value and
differences between mean concentrations for soil and straw
comparison and a lack of differences between straw and grain
and between soil and grain groups. The calculated Pearson
correlation coefficient suggested that the three sample groups
are different and that there is no correlation among them. The
comparison of mean pp′DDT concentrations revealed only
differences between soil and grain sample comparisons (p )
0.008), whereas all Pearson correlation coefficients are negative,
indicating a lack of correlation among the studied compartments
of the agricultural environment. The DDT total (Σ-DDT) showed
p ) 0.028 for soil and straw andp ) 0.006 for soil and grain
comparison and statistical differences between means, and low
Pearson correlation coefficients demonstrated no correlation
between soil and straw and soil and grainΣ-DDT concentrations.
The comparison of straw and grain mean concentrations

indicatedp ) 0.191, and there were no statistical differences
among means. It also pointed to a different behavior in the
residues, expressed by the negative Person correlation coefficient
(r ) -0.123). The data inTable 7 reveal the absence of uniform
transport processes of organochlorine pesticides occurring in
field conditions in growing rye plants from the soil to the grains.

In conclusion, the contamination of plants that grow in soils
with pesticide residues is caused principally by volatilization
and adsorption processes and thereafter by the uniform distribu-
tion through the ascendant circulation system. Pesticides can
migrate through diverse processes such as volatilization, mo-
bilization with soil particles, and inner ascendant transport in
the plant. The pesticides, present in the air, were adsorbed on
plant surfaces, whereas, from the soil, they are mobilized during
the active inner transport in the rye plants, which permits their
specific accumulation according to the equilibrium reached in
the grains. Thus, soil and vegetation are reservoirs and indicators
for organochlorine pesticide contamination. Moreover, they
constitute vectors through which these chemicals may enter
terrestrial food chains (24). These conclusions are in accordance
with the previous observations of Waliszewski (13) and Leone
et al. (32), which indicate that the concentration distribution of
organochlorine pesticides varied in growing plants that were
grown in contaminated soils. Moreover, their levels depend on
the physical-chemical properties of the compound and bio-
chemical constitution of the plant. The study verified orga-
nochlorine pesticide presence in the Mexican agriculture
environment. The presence of these organochlorine pesticides
does not originate from recent plant protection activities because
they are banned. The contaminated soils indirectly constitute a
pollution source for plant consumers and retard the expected
decrease in organochlorine pesticide concentrations in the air.
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