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ABSTRACT. The potential for pesticide soil contamination is a worldwide
concern, due to the intensive use of organochlorine compounds. The use
of pesticides has offered significant economic benefits by increasing the
production of food and preventing different form of diseases, therefore their
use has affected not only the health of human population, but the environment
as well. Organochlorine pesticides like Aldrin, Chlordane, DDT, Dieldrin, Endrin
and Heptachlor have been banned after the 2001 Stockholm convention. That is
why many jurisdictions try to control human exposure by specifying the soil's
maximum allowable concentration. 12 soil samples were collected from different
parts of Romania, aiming to evaluate the organochlorine concentration in order
to study if the soils have been treated with this type of pesticides. Each sample
was dried, extracted with hexane by ultrasonication and analyzed by GC-ECD.
The results of the analyzed samples showed low concentrations, ranging
between 28.36 and 73.19 ug/kg. The most identified compounds were Alpha
HCH, Beta HCH, Heptachlor, Aldrin, Heptaclhor epoxide, trans-Clordane,
Endosulfan |, 4,4 DDE and Dieldrin+Endrin.
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INTRODUCTION

Organochlorine pesticides (OCPs) are chemical compounds which have
been widely used in agriculture for controlling the pests and vector borne diseases
(Abhilash and Singh, 2009; Zhang et al., 2011). After the beginning of the 20th century
pesticides have been widely spread having traces in all areas of the environment.
The use of pesticides has offered the world significant economic benefits by enhancing
the production and yield of food and fibers and the prevention of different diseases,
evidence suggest that their use has adversely affected the health of human
populations and the environment. They are liposoluble compounds and are capable of
bioaccumulating in the fatty parts of biota such as breast milk, blood and fatty
tissues (William et al., 2008). As a result, human beings are exposed to the effects
of these micropollutants by eating foods in contact with contaminated soil or water
(Belta et al., 2006; Raposo and Re-Poppi, 2007). These pesticides not only cause



Vlad PANESCU, Pop SORIN, Mircea ANTON, Mihail Simion BELDEAN-GALEA

serious diseases in humans but are also highly toxic to most aquatic life (Aiyesanmi and
Idowu, 2012) and soil microflora (Megharaj, 2002). They represent the most hazardous
class of pesticides. OCPs are very stable compounds and their half-lives can range from
a few months to several years in some cases decades (Cremlyn, 1991 cited by Yadav
etal., 2015). It has been estimated that the degradation of DDT in soil ranges from 4 to
30 years, while other chlorinated OCPs may remain stable for many years after their use
(Afful et al., 2010). OCPs have been used worldwide for over 60 years in different
countries around the world. Due to the widespread use of agricultural and residential
pesticides, the potential for pesticide soil contamination is a worldwide concern (Cheng
et al., 2008). Thus, at least 54 nations have promulgated guidance values to specify
the maximum allowable concentration of pesticides in soils. In 2001 under the Stockholm
Convention the use of eight OCPs such as aldrin, hexachlorobenzene, chlordane,
dieldrin, endrin, heptachlor, mirex, toxaphene) were eliminated because they showed
persistence, toxicity and capability of long-range transport. After the Stockholm Convention,
many of the organochlorines had been banned and restricted in several countries.

The aim of this study is to evaluate the OCPs concentration in different type of
soils treated with modern pesticides in order to evaluate the degree of contamination
with these compounds. The study was focused on different regions of Romania.

MATERIAL AND METHODS

Sampling area

The samples were obtained from 12 points from the country, from Transylvania
to the southern part of Romania. The sampling points (P1-P12) are presented in
the figure 1 and the locations that corresponded to each point are presented in table 1.
The samples were obtained from a vegetation-free soil using a shovel to dig about
15 centimeters to avoid getting surface soil that might be contaminated with dust
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Fig. 1. The map of the sampling points
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Table 1. Sampling point and code of the samples made in Google Earth

Sample cod | Sampling point County Coordonates
P1 Oradea, Airport Bihor 47°1'46.96"N
21°563'37.29"E

P2 Giarmata, Timis 45°50'49.98"N
21°18'12.05"E

P3 Arad, entrance from Oradea Arad 46°14’46.86"N
21°22'27.28"E

P4 Cojocna Cluj 46°45’12.34"N
23°48'56.63"E

P5 Ceanu Mare Cluj 46°40°'15.79"N
23°57'5.61"E

P6 Valea Larga, entrance from Cluj Mures 46°37°50.92"N
24°1°38.14"E

P7 Valea Larga, central Mures 46°37°26.17"N
24°3'50.68"E

P8 Saftica, lifov lIifov 44°37°46.34"N
26°4'13.77"E

P9 Ploiesti, entrance from Brasov Prahova 44°58'18.51"N
25°56’58.10"E

P10 Brasov, exit to Sighisoara Brasov 45°43'20.81"N
25°34°39.55"E

P11 Albesti, Sighisoara Mures 46°14’'8.49"N
24°50'3.38"E

P12 lernut, entrance from Ludus Mures 46°26'58.06"N
24°13'2.77"E

Sample processing

Each sample was dried at the room temperature for at least 10 hours. After
that, the samples were slowly crushed using a mortar with pestle. 30 grams of the
sample were weighted and transferred into an Erlenmeyer flask of 200 mL. The
samples were extracted with 40 mL of hexane by ultrasonication for 15 minutes at the
room temperature. After decantation, the supernatant was removed, filtered through a
PVDF sample filter with pore size of 0.45 um (Merck Milipore) and evaporated to dryness
at the room temperature. Subsequent the residue was redisolved in 2 mL hexane and
analyzed by GC-ECD under the conditions described below.

Analysis conditions

Analysis of OCPs was performed using a Thermo Trace Focus GC gas
chromatograph equipped with an electron capture detector (ECD) (Thermo Electron
Corporation). Nitrogen of high purity at a constant flow rate of 2 mL min"' was used
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as carrier gas. The inlet temperature was set at 320 °C and the injection was made
in splittess mode. The temperature of ECD detector was set at 320°C and the
auxiliary gas (nitrogen) was set at 40 mL min™".

For the separation of the tested compounds a TRB-35 column (30 x 0.25 mm,
0.25 pm film thickness) purchased from Teknokroma, Spain was used. The separation
of compounds was performed with a gradient temperature program, starting by heating
of 15°C min™' from 180°C to 250°C, and from 250°C to 320°C, 3°C min™', 5 minutes
final hold time.

The data acquisition was performed using the Chrom-Card software. The
identification of the compounds was done based on the retention time of a standard
mixture of 20 OCPs, purchased from Restek. The chromatogram of the tested
compounds is presented in figure 2.
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Fig. 2. The chromatogram of a standard mixture in concentration of 0.2 ppm

RESULTS AND DISCUSSIONS

The analysis of the target compounds were performed using the method
described above. The performances of the optimized method are presented in the
table 2.

As can be seen in table 2 the method has a good linearity, repeatability
and a limit of quantification able to quantify the compounds at the concentration
level expected in the real soil samples. Thus, the method can be applied for the
analysis of real soil sample.
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Table 2. The performance of the optimized GC-ECD method

Compounds Calibration curve | Correlation| Repeatability LOQs
equations coefficients RSD % mg kg!

Alpha HCH y = 2E+06x + 165438 1 0.42 0.90
Gamma HCH y = 2E+06x + 22938 0.996 0.76 1.29
Beta HCH y = 2E+06x + 49276 0.9297 2.39 1.94
Delta HCH y = 1E+06x + 86323 0.9325 1.18 1.42
Heptachlor y = 1E+06x + 287363 0.9971 7.01 1.79
Aldrin y = 2E+06x - 114664 0.9624 5.27 1.81
Heptaclor epoxide y = 2E+06x + 87527 0.9564 4.06 1.28
trans-Chlordane y = 1E+06x + 101095 0.94 5.43 1.51
cis-Chlordane y = 899744x + 163458 0.9725 0.77 1.81
Endosulfan | y =985702x + 97260 0.9502 6.06 1.94
4,4 DDE y = 1E+06x + 109135 0.9079 7.77 1.80
Dieldrin+Endrin y = 2E+06x - 25722 0.9543 5.60 2.46
4,4 DDD y = 1E+06x + 48338 0.9996 1.27 2.15
Endosulfan I y = 671002x + 6225,5 0.9948 6.89 2.7
Endrin Aldehide y = 388136x + 65817 0.9132 9.53 2.85
4,4 DDT+EndoSS y = 742300x + 33344 0.9915 1.56 2.75
Metoxichlor y =175739x + 6111 0.9574 1.43 2.56
Endrin Ketone y = 1E+06x + 28014 0.9885 1.99 3.25

The results of the analyzed soil samples showed that the concentrations of

OCPs are low varying between 28.36 and 73.19 ug kg™ (table 3). A total of 20
OCPs were identified with concentration varying in the range of not detected to few
micrograms per kilogram soil. The highest concentrations were detected in the
areas near Cluj-Napoca (P4, P5) and Targu-Mures (P10, P12), meaning that in
these areas OCPs were widely used in the past for agriculture. The lowest detected
concentration was in sample P1, sample collected near Oradea, Bihor County. On
the other hand, the highest concentration was found in sample P10, collected near
lernut, Mures County which has a long history in the cultivation of industrial plants.
The most identified OCPs were Alpha HCH, Beta HCH, Heptachlor, Aldrin,
Heptaclhor epoxide, trans-Clordane, Endosulfan |, 4,4° DDE and Dieldrin+Endrin.

The most prevalence of alpha-HCH isomer may lead to the conclusion that
technical HCH (60-70% alpha-HCH, 5-12% beta-HCH and 10-12% gamma-HCH),
was used in agricultural practices in the majority of locations instead of pure lindane
(gamma-HCH). Moreover high incidence of 4,4° DDE instead of 4,4 DDD and 4,4’
DDT may suggest that it originated from old usage of this insecticide in agriculture
(Ene et al., 2012).

79



Vlad PANESCU, Pop SORIN, Mircea ANTON, Mihail Simion BELDEAN-GALEA

By comparing the obtained data with the reference values for traces of
chemical elements in soils (O.M. No. 756/03.11.1997) it can be observed that the
only Alpha HCH and Beta HCH concentrations exceed the normal values stipulated
by legislation. For Heptachlor, Chlordane, 4,4 DDE, 4,4 DDD and 4,4" DDT the
concentrations are very low or not detected.

Table 3. The concentrations of OCPs in the analyzed soil samples

Compounds Concentration (ug kg™ dry soil)

P1| P2 | P3| P4 |P5|P6|P7 | P8 | P9 |P10| P11 | P12 | NV | AL
Alpha HCH 296| nd | 3.07 | 344 | 353 383|419 391|350 (414 | 732 | 1.01 | <2 | 100
Gamma HCH nd {164 | nd | nd |127| nd [1.02| nd | nd | nd | 123 nd |[<0.1| 50
Beta HCH 414|183 | 357 [391|725|300|624|867|412(428| 840 | 416 | <1 | 20
Delta HCH nd | nd | nd nd {282 | nd | nd {318 | nd | nd | 3.19 | 811 - -
Heptachlor nd |14.90( 724 | 1.75 | 847 | 515 | 1.79 | 1.89 |11.79|10.89| nd nd - -
Aldrin 238|287 | 113|551 (951|262 |375|3.02|338|324| 301 |1610| - -
Heptaclor epoxide | 4.75 | 5.30 | 599 | 593 | 6.75 | 5.00 | 629 | 749 [ 6.00 | 737 | 728 | 226 | - -
trans-Chlordane | 4.51| 557 | 575 | 6.90 | 533 | 457 | 617 | 6.89 | 6.03 | 7.72 | 668 | 7.74 | - -
cis-Chlordane 1191465374 nd | nd | nd | nd | nd | nd [558| nd [1055| - -
Endosulfan | nd | nd | 121|874 |237|259|201|211|227|224| 180 | 972 | - -
44 DDE nd | nd [113]604|114|123|191[160| nd | 154 | 200 | 295 | <50 | 500
Dieldrin+Endrin | 7.15|6.84 | 7.76 | 527 | 811|726 | 851 | nd (839 | nd | 1437 | 1.71 -
4.4 DDD nd | nd nd | 387 | nd nd nd |131| nd | nd nd 3.11 | <50 | 500
Endosulfan Il nd | nd | nd {nd | nd|nd|nd|[134| nd | nd nd 273 - -
Endrin Aldehide nd | nd {114 (239|181 | nd | nd {402 | nd | nd nd nd - -
44 DDT+EndoS | nd | 1.29 | nd nd nd | 236 | nd nd nd | nd nd 1.98 | <50 | 500
Metoxichlor 129|138 | nd |109| nd | nd | nd | 157 |176|231| 385 | 1.06 | - -
Endrin Ketone nd | nd nd nd nd nd nd nd nd | nd [P12sigh| nd - -
Total OCPs 28.37|46.27|41.72|54.83|58.37 | 37.59 |41.88 |47.01(47.25|49.30| 7.32 | 73.19| - -

nd- not detected, NV-normal value, AL — alert level established by O.M. No. 756/03.11.1997

CONCLUSIONS

The results of the performed studies shows that in all sampling sites the
concentration of OCPs are low and do not exceed the alert level and intervention
threshold in the sensitive (agricultural/residential) area.

These concentrations are the results of their use in the past and not in this time.

The prevalence of alpha-HCH isomer may lead to the conclusion that
technical HCH was used in agricultural practices in the majority of locations instead
of pure gamma-HCH.
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High incidence of 4,4° DDE instead of 4,4° DDD and 4,4° DDT may
suggest that it originated from old usage of this insecticide in agriculture.
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