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Abstract. The level, composition, and distribution of hexachlorocyclohexane (HCH) and
dichlorodiphenyltrichloroethane (DDT) residues were determined by GC-ECD technique in soil
samples from the Soroca district, Republic of Moldova. The concentrations of DDTs and HCHs were
up to 1100 and 640 mg/kg, respectively. The obtained results indicated that in 77% of analysed soil
samples the (DDE+DDD)/DDT ratios showed aged sources of DDT pollution, suggesting that in the
studied area, the DDT residues have been transformed significantly into their degradation products. The
a-HCH/y-HCH ratios were generally high (in the range of 1-28) suggesting that technical HCH is the
main source of contamination. The high concentration and the degradation rates of pesticides in soil
suggest that the contaminated sites are acting as continuous sources of pollution for the environment.
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Introduction

Pesticides are mostly used to prevent pests
and to combat various biological vectors of
human and animal diseases [1]. The main fields of
pesticides use are health and agriculture sectors
[2]. The distribution and fate of pesticides in the
environment depends on many factors, including
the dispersion method, their distribution in the
environment, their physico-chemical properties
(partition coefficients, degradation, and deposition
rates) and the characteristics of the environment
itself [3]. The most lasting pesticides are termed
“persistent organic pollutants” (POPs). As it
comes from their name, POPs are compounds that
are resistant to chemical, biological and physical
degradation and tend to accumulate in tissues of
living organisms and along the food chain,
causing a wide range of health problems to
animals, fishes, and humans [4]. These are
considered endocrine disruptors; exposure to
POPs could lead to reproductive and immune
dysfunctions, brain and nervous system disorders,
developmental disorders, and cancer [5]. The
most harmful pesticides such as organochlorine
pesticides (OCPs) including HCHs (isomers of
hexachlorocyclohexane), DDTs (dichlorodiphenyl
trichloroethane, its isomers and degradation
products isomers), polycyclic ~ aromatic
hydrocarbons, and triazines are listed in the
Stockholm Convention, also named by the United
Nations Environmental Program as “the Dirty
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Dozen” [6]. Because of their persistence, OCPs
are found in the environment even after 20-30
years of application to the soil and crops. To
control soil pesticides pollution, regulatory
guidance values are applied worldwide.

In the Republic of Moldova, the high level
of the organochlorine pesticides in the soil is due
to the historical intensive use in agriculture, a
situation that is still maintained through the use of
new generation preparations, components less
stable in the environment. The application of
OCPs on the territory of the Republic of Moldova
has been suspended since 1970, but several
decades of their use in the Moldovan agriculture
has left hundreds of contaminated sites, persisting
until now [7-9]. According to regulatory guidance
of the Republic of Moldova for values of several
organic compounds in soil, the maximum
allowable concentration for DDTs, for lindane
(-HCH) and for HCH (hexachloran) is
0.1 mg/kg [10,11].

Inventory of old pesticide warehouses
performed by the Ministry of Environment of the
Republic of Moldova during 2008-2010 has
demonstrated that there is a great number of sites
polluted with POPs [12,13]. Previous studies have
shown that there are 252 POPs polluted sites in
the Republic of Moldova, with the concentration
higher than 50 mg/kg and the pollution spectra of
the analysed sites is comprised mainly of five
compound groups: DDT, HCH, chlordane,
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heptachlors and toxaphene [12,14]. Studies have
shown the presence of DDTs and HCHSs
compounds in soil, water, and biota of
the Republic of Moldova [9,15-18]. According to
the Dniester hydrographic district management
plan, there are 12 warehouses that contain about
1045.4 tons of pesticides [19]. One of the districts
with contaminated sites is Soroca with 34.4 tons
of pesticides that are stored in known locations,
but their fate and impact on the environmental
ecosystems was not assessed.

The goal of this study was to investigate the
residue level and composition of OCPs, and to
identify their possible sources in soil of Soroca
district, Republic of Moldova, as well as their
correlation to the total OCPs pollution of soil.

Experimental
Materials

Acetone, n-hexane, dichloromethane,
anhydrous sodium sulphate and OCPs standard
solution (a mix of 14 different OCPs: a-HCH,
S-HCH, y-HCH, heptachlor, heptachlor epoxide,
aldrine, endrine, chlordane, o,p’-DDE, p,p -DDE,
o,p’-DDD, p,p-DDD, o,p’-DDT, p,p’-DDT) of
residue analysis grade were purchased from
Supelco® and Sigma Aldrich.

Standard solutions of OCPs with initial
concentrations varying from 24.0 to 248.0 ng/mL
were prepared by diluting the stock standard
solution (Sigma Aldrich standard mix of
14 different OCPs) in methanol. The stock
standard solution was diluted at 5 different
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concentrations: 1:1000 (1 mL of standard mix and
1000 mL solvent), 1:500 (1 mL of standard mix
and 500 mL solvent), 1:200 (1 mL of standard
mix and 200 mL solvent), 1:100 (1 mL of
standard mix and 100 mL solvent), 1:50 (1 mL of
standard mix and 50 mL solvent).

The internal standard method using
decachlorobiphenyl was used for the quality
control.

Soil sampling

Soil samples were collected in spring-
summer of 2012, from the proximity of 56 former
storage sites in 30 settlements of the Soroca
district, Republic of Moldova (Figure 1).

Sampling was performed according to the
method described in 1SO 18400-101 [20]. One
composite soil sample (2.5 kg of soil) comprising
25 samples (0.1 kg each), was collected per
contaminated site. Sampling depth was 10-15 cm
from the ground line; the soil samples were
combined in a rigid plastic bag in the field,
labelled and transported to the laboratory facility.
Pesticide residue determination

Before pesticide residue extraction and
determination, the collected soil samples were air
dried at room temperature (18-20°C), ground,
thoroughly mixed and sieved at 250 um particle
size. The extraction procedure was made
according to the United States Environmental
Protection Agency method 3500B [21]. The
extraction of the analytes of interest (DDTs and
HCHSs) was performed by the microwave assisted
extraction procedure.
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Figure 1. The map of sampling sites of the Soroca district
(Republic of Moldova).
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For this purpose, a portion of 10 g of sample was
placed in the extraction vessel to which a
volume of 20 mL of appropriate solvent
(n-hexane/acetone, 1:2, v/v) was added. For a
better extraction vyield, for each sample the
extraction was done twice at maximal power of
microwave extraction system (140 W) for 15 min.
After cooling down, the extracts were collected in
the glass condenser and concentrated in n-hexane
to a 1 mL volume. Extracts were purified on
adsorption chromatography columns filled up
with 1 g of silica gel previously activated for 16 h
at 135°C. The column was conditioned with 5 mL
of hexane. The analytes of interest were eluted
from column with 5 mL of n-hexane, followed by
5 mL of n-hexane/dichloromethane mixture
(2:1, v/v). The final elutes were concentrated to
1 mL under argon flow. One blank sample was
prepared for each set of soil samples. The blank
value was subtracted from the sample
chromatogram for further calculations.

An internal standard (spike) was added to
samples prior to extraction. The spiking was done
by adding 1 mL of decachlorobiphenyl to each
sample, to achieve a concentration of 0.05 pg/mL
in the final sample.

The method wused for the OCPs
determination was validated within laboratory
conditions and the limit of detection (LOD), limit
of quantification (LOQ), precision (RSDg),
recovery and working range were calculated
(Table 1). LOD and LOQ were calculated based
on the standard deviation of the response and the
slope by using Eq.(1) and Eq.(2), respectively:

LOD(ug/kg) =3.3xa/S Q)
LOQ(ug/kg) =10 xa/S 2)
where o- the standard deviation of the response,

ug/kg;
S- the slope of the calibration curve [22].

The precision and recovery of the analytical
procedure were tested with a reference material
(CRM847, clay loam, Sigma-Aldrich, USA).
The recovery was calculated as the ratio between
the found concentration of analyte and the
concentration stated to be present in the sample.
The precision of the analytical procedure was
calculated as the standard deviation of a series of
measurements.

Instrumentation

Determination of OCPs was done according
to the operational procedure based on SM SR ISO
10382:2008 on a gas chromatograph 6890 system
of Agilent [23]. System parameters were: injector
type: split/splitless; 300°C temperature; 2 uL
injected volume; split 5:1; carrier gas: He,
1.4 mL/min, or average velocity 30 cm/sec,
constant flow; column type: HP-5MS with length
of 30 m, internal diameter 320 um, and 0.25 um
film thickness; detector: uECD, 3200°C
temperature; oven program: initial: 100°C for
1 min, 1% rate 20°C/min, isothermal: 200°C for
3 min, 2" rate 10°C/min, isothermal: 280°C for
6 min, ChemStation, ChemStation Integrator.
Statistical Analysis

The statistical analysis of the experimental
data was performed using the Analyse-It Add-in
of Microsoft Excel 2016 software. The link
between the OCPs concentrations was described
by the Pearson correlation test, at the p< 0.05
degree of confidence [24,25]. The principal
component analysis tool was used for predicting
the sources of pollution by grouping the data into
different interrelated modules based on their
component loading [26,27].

Results and discussion

To fulfil the aim of this study,
concentrations of organochlorinated pesticides
such as DDTs and HCHs were assessed in soils of
the Soroca district, Republic of Moldova in the
proximity to the former pesticides’ storages.

Table 1
Validation parameters of the SM SR 1SO 10382:2008 method.

Compound LOD, LOQ, Concentration range, RSDg, Recovery,
ug/kg ug/kg pg/kg % %
a-HCH 0.003 0.008 0.005-0.05 9.45 94
S-HCH 0.014 0.041 0.015-0.2 7.03 107
y-HCH 0.004 0.012 0.005-0.05 7.36 93
o,p’-DDE 0.014 0.041 0.028-0.45 8.24 91
p,p-DDE 0.013 0.041 0.015-0.2 8.36 92
o,p’-DDD 0.043 0.130 0.045-0.4 10.89 89
p.p’-DDD 0.025 0.077 0.025-0.38 12.89 113
o,p’-DDT 0.014 0.041 0.028-0.45 5.59 100
p.p-DDT 0.021 0.065 0.025-0.52 16 113
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Results of this study will offer a better
understanding on the fate of these contaminants in
the environment and the risks associated with
agricultural and industrial pollution.

The chromatogram of one of the samples
with composite soil extract for the study area is
shown in Figure 2. The statistical results of OCPs
in the soils from Soroca district, Republic of
Moldova, are presented in Table 2. According
to the obtained results, the overall concentration
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Figure 2. Chromatogram of the soil extract (DCB*-indicates the internal standard).
Table 2
Organochlorine pesticides concentration (mg/kg) in analysed soil.

Compound Mean SD Median Minimum Maximum
a-HCH 11.2 51.9 0.26 ND 369
p-HCH 4.23 13.6 0.29 ND 87.7
y-HCH 18.8 131 0.07 ND 978
YHCHs 34.3 160 0.77 ND 1096

o,p’-DDE 1.54 7.32 0.06 ND 53.8

p.p -DDE 6.57 36.0 0.43 ND 270

o,p’-DDD 2.90 14 0.09 ND 101

p.p’-DDD 2.34 10.1 0.10 ND 69.8

o,p’-DDT 8.76 34.7 0.26 ND 212

p.p-DDT 12.5 71.4 0.23 ND 531
~DDTs 34.6 141 1.38 ND 841
YOCPs 83.99 286.56 4.1 0.072 1953.6

Note: Mean, standard deviation (SD), maximum and minimum were calculated assuming that non-detected (ND)

measurements were equal to zero.
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Total DDT concentrations (XDDTs),
comprised of two DDT isomers and four DDT
degradation products (o,p-DDT, p,p’-DDT and
o,p’-DDD, p,p’-DDD, o,p-DDE, p,p’-DDE),
were up to 841 mg/kg dry weight. The average
concentration of total DDT observed in sampling
locations was 34.6 mg/kg.

The total content of HCHs (XHCHs) that is
the sum of concentrations of ¢, # and y isomers,
was up to 1096 mg/kg dry weight and the overall
concentration of the total HCHs was 34.3 mg/kg.

>DDTs concentration in most of the soil
samples (57.17%) is relatively higher than the
YHCHs concentrations (42.9%), however the
mean concentrations are equal, indicating that the
concentrations of DDTs and HCHs are evenly
distributed among samples (Figures 3 and 4).

There are two possible reasons that might
explain the high concentrations of DDTs in soil
samples of Soroca district compared to HCHSs
concentration. The first possibility is that HCHs
have less lipophilic properties, higher volatility
and water solubility than DDTs [29], thus could
be more easily transferred from the source point
to surrounding farmland via surface runoff. On
the other hand, it may be due to their different use
and stored amount over the soviet period (during
1960-1980). There was a correlation between
XHCHs concentration and XDDTs concentration
(R*>> 0.42) as shown in Figure 5, suggesting
that they may have similar sources and fate in this
area [29].
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Figure 3. ZHCHs distribution in studied soil samples.

Dichlorodiphenyltrichloroethane and its
degradation products

Technical DDT generally consists of
p,p-DDT isomer (approx. 85%), with lesser
amounts of o0,p-DDT and o,0’-DDT isomers [30].
Residues of DDTs in the environment
include p,p’-DDT, its isomer o,p-DDT
and  their  degradation  products  (o,p -
and p.p -dichlorodiphenyldichloroethylene
(op- ad pp-DDE) and o,p- and
p,p -dichlorodiphenyldichloroethane (o0,p- and
p.p-DDD)). In environmental ecosystems,
p.p-DDT degrades mainly to p,p’-DDE and
pp-DDD as a consequence of different
environmental factors [30].

The p,p’ isomers of DDT, DDD and DDE
were present in higher concentration than the
associated o,p’ compounds (Table 2). The
pp-DDT  residues  were  detected in
levels< 531.0 mg/kg dry weight in 96% of the
total soil samples. The p,p’-DDE isomer was
detected in 98%, with levels< 69.8 mg/kg and
p.p’-DDD in 77% with levels< 270 mg/kg.

The mean concentrations of individual
compounds in soil samples were as follows:
o,p’-DDE< p,p’-DDD< o,p’-DDD< p,p’-DDE<
o,p’-DDT< p,p’-DDT (Table 2). Such an order
could be explained by the transformation of DDT
to its degradation products, DDE and DDD.
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Figure 4. XDDTs distribution in studied soil samples.
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Figure S. Correlation of XDDTs and XHCHs.
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Figure 6. Distribution of DDT isomers concentration: correlation for the concentrations of DDE isomers (a),
DDD isomers (b), DDT isomers (C) to the total DDT isomers concentrations (XDDTs).

After DDT usage, a considerable amount of
DDT may be converted to p,p’-DDE [31]. In
Figure 6, the distribution of total concentration of
DDT isomers, and their degradation products
(DDE and DDD) is shown, suggesting that
DDT isomers are more abundant in the
soils of the studied area. Thereby, sources of
DDTs could be identified according to the
ratios of (p,p’-DDE+p,p’-DDD)/p,p’-DDT or
p.p -DDE/p,p’-DDT. A ratio value >1 suggest a
past input of DDT, and a ratio <1, respectively,
suggest a recent input of the pollution [29,32].

The degradation status of DDT was
evaluated using (DDE+DDD)/DDT ratios, which
varied from 0.005 to 49.3 [33]. In 77% of
analysed soil samples these ratios showed aged
sources of pollution with DDT, indicating that
DDT residues have significantly been transformed
into their degradation products in these areas.
There are strong positive correlations in the
concentrations of the DTT isomers and their
degradation products (R°= 0.78-0.97, p< 0.01),
indicating common sources of pollution
(Figure 6).
Hexachlorocyclohexanes

The o-HCH residues were detected in
levels up to 369.0 mg/kg dry weight in 96% of the
total soil samples. The p-HCH isomer was
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detected in 98% of analysed samples, with levels
up to 87.7 and y-HCH isomer in 80% with levels
<978 mg/kg (Table 2).

The percentage distribution of HCH
isomers in total HCHs varied among soil samples
(Figure 7). This may be related to the
isomerization of HCH during the transformation
process in soil as well as the differences in
physico-chemical properties and degradation rates
[34]. The p-HCH was the most dominant isomer
in soil samples that is due to the differences in the
degradation rates of the HCH isomers, p-HCH
being the most stable and persistent in soil
[34,35]. The persistence of B-HCH in soil is
mainly due to a higher partition coefficient (K,,)
and a lower vapour pressure than of other HCH
isomers, which enhances its adsorption into soil
and hinders its evaporation. The a-HCH/y-HCH
ratios varied from 0 to 28 and both low and high
ratios were found in samples, indicating both
lindane and technical HCH as the sources of HCH
contamination. Very high ratios may be related to
old inputs and transformation of y-HCH into
a-HCH [36]. There are strong positive
correlations in the concentrations of most HCH
isomers (R*= 0.48-0.90, p< 0.01) (Figure 7),
indicating common pollution sources.
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Factor analysis

Factor loading plot showed loadings for
each OCP in the principal component plane
(Factor 1 that shows the largest possible variance
in the data set versus Factor 2 which is
uncorrelated with Factor 1 and accounts for the
next highest variance; Figure 8).
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Figure 8. Loading plot of factor analysis based on
concentrations of organochlorine pesticides.
YHCHs is sum of a-HCH, g-HCH, and y-HCH.
XDDTs is sum of p,p’-DDE; o,p’-DDE; p,p’-DDD.
o,p’-DDD; 0,p’-DDT and p,p’-DDT.
YXOCPs is the sum of all OCPs.

The circles indicate factors of high scores.

By processing, two factors were considered
here, accounting for 81.0% of the total variance.
Factor 1 explained 51.8% of the total variance and
was mainly associated with p,p’-DDD (0.83),
o,p’-DDT (0.74), p,p -DDT (0.92), y-HCH (0.94),

which were generally high correlated with the
total concentrations of OCPs (Table 3). In
Factor 1, a-HCH (0.52) and p-HCH (0.69) had
medium loading, meaning that the HCHSs
appeared to have the similar contributions to
OCPs and originated from the similar source.
Factor 2 was associated mainly with the o,p -DDE
(0.97), p,p-DDE (0.96) and o,p-DDD (0.97).
The fact that DDT isomers were the highest
loading of all the factors, suggested that they
appeared to have higher contributions to OCPs
than other individual OCPs.

According to the relevance to both Factor 1
and Factor 2, these components can be
represented by DDT and HCHSs, respectively.
The DDT and HCHs accounted for the highest
loading for Factor 1, whereas the DDE and
DDD isomers accounted for the highest loading
for Factor 2 (Table 3). This finding suggested
that DDT and HCHs showed larger contributions
to OCPs possibly originating from the similar
source.

Summarization of the obtained results
revealed that the compositions of the
contaminants indicated mainly the parent
compounds with low levels of degradation
products at most sites. The slow degradation rates
of the pesticides for most sites and their low
mobility in soil suggest that the contaminated
sites are acting as continuous point sources of
contamination for the environment.
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Table 3
Pearson correlations of OCPs identified in the analysed samples.
L L (@] (@] = =
&) Q &) &) ) ) &~ T T T T
[a)] [a)] o o (m) o Q O O O O
o N N N A N Q I I I m
S = = R X R N & & L N
N) NY S Ny S Y
o,p’-DDE 1
p.p’-DDE  0.98 1
op-DDD 098~  0.97 1
pp-DDD 0.36° 040 049" 1
op-DDT 055 054~  0.68 092" 1
p.p-DDT  0.097 0.11 0.26 0947 087" 1
*DDTs 0.617 0627 073 094 099~ 0.85~ 1
a-HCH  -0.02 -0.02 0.00 0.15 0.12 0.16 0.12 1
S-HCH  0.03 0.03 0.09 036  0.33 0387 032" 096 1
y»-HCH  -0.02 0.02 0.14 0917 079 0997 078 021 0417 1
THCHs -0.02 0.01 0.12 0827 0727 0897 0707 058" 074" 0927 1

* ** Significant at probability P< 0.05 and P< 0.01, respectively.

This study should be considered as a first
steppingstone (as a regional study) towards a
major investigation on the main sources and
levels of OCPs throughout the territory of the
Republic of Moldova. The study has highlighted
the area of Soroca district with high
concentrations of some OCPs that could pose
some potential human health concerns, which
need addressing urgently. Thus, remediation
measures are required to reduce the levels of the
contaminants.

Conclusions

The OCPs compounds concentration was
determined in urban and rural soils in the
immediate proximity of former pesticides storages
in the Soroca district, in the north-eastern part of
the Republic of Moldova. The main findings
revealed that the concentration of nine OCPs were
up to 1954 mg/kg (average was 84 mg/kg). The
level of contamination in the analysed samples
was higher than the national maximum allowable
concentration in soil (0.1 mg/kg for y-HCH and
DDTs). The highest concentrations were found
within the former pesticides’ storage points.

The HCH and DDT isomers and their
degradation products were the most abundant
contaminants, accounting for 79.4% of the total
OCPs. Diagnostic ratios of DDTs residues and of
HCHs isomers clearly unveiled a dominance of
historical application of these compounds in soil.
The most dominant OCP species were y-HCH,
followed by p,p’-DDT and o,p’-DDE isomer
was present in smallest amount, that confirms the
high persistence and slow degradation of the
studied OCPs.
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The compositions of the contaminants
indicated mainly the parent compounds with low
levels of degradation products at most sites. The
slow degradation rates of the pesticides for most
sites and their low mobility in soil suggest that the
contaminated sites are acting as continuous point
sources of contamination for the environment.
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