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The degree of pollution with possible effects on envi-
ronmental health was evaluated using the Nemerow 
integrated pollution index (NIPI) and the modified 
degree of contamination (mCd). In some campaigns, 
the values obtained from crop fields ranged from low 
to high pollution levels during periods of agrochemi-
cal application. Noteworthy, in periods of low agro-
chemical application in crop fields, a high level of 
pollution was observed in parks and playgrounds. For 
children, the hazard index (HI) values were higher 
than the threshold value of 1, suggesting a potential 
health risk. This study provides valuable information 
regarding land management practices and highlights 
the importance of monitoring and implementing poli-
cies to reduce human health risks.
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Introduction

As a result of industrialization and the global increase 
in crop production, pollutant emissions have sub-
stantially increased in developing countries. In 
Argentina, the cultivated area for grain production 
has significantly increased in the last 40  years. For 
example, soybean fields expanded from 34,700  ha 
in 1969/1970 to about 18 million ha in 2011/2012 
(Butinof et  al., 2014). Consequently, there has been 
a growing interest in learning about the effect of 
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agricultural practices on ecosystems. Moreover, dif-
ferent health and environmental risks are associated 
with this activity (Atabila et al., 2018; Primost et al., 
2017; Yadav et al., 2016; Zeng et al., 2019). From an 
ecological perspective, there is concern about soil 
degradation, i.e., loss of organic matter and nutrients; 
erosion; and diversity decline, but the main problems 
related to agricultural activities are animal waste and 
the use of fertilizers and pesticides (Butinof et  al., 
2014; Chen et al., 2011; Rissato et al., 2006).

In the last 30  years, the use of pesticides has 
greatly contributed to the increase in food quantity 
and quality to meet the demands of the growing world 
population. Even so, pesticides are considered a haz-
ardous group of contaminants for humans, fauna, and 
the environment (Iturburu et al., 2019). Most of such 
substances are applied directly to the soil or sprayed 
over crop fields and, hence, released directly to the 
environment. Heavy metals including copper, lead, 
cadmium, nickel, and chromium have been found 
in contaminated soils due to anthropogenic activi-
ties, such as vehicle use (leaded gasoline), petro-
chemicals, and agriculture (application of fertilizers, 
sewage sludge, and pesticides). Thus, metals can be 
considered potent tracers for monitoring the anthro-
pogenic impact by studying their temporal and spatial 
variations due to natural changes in soils and anthro-
pogenic activities (Hong-Gui et  al., 2012; Li et  al., 
2012; Zhang et al., 2019).

The possible effects of these dangerous chemi-
cal species on human health, when found in the 
soil, have been widely discussed (National Research 
Council, 2003; Núñez-Gastélum et  al., 2019; Pan 
et  al., 2018; Plumlee et  al., 2007). In the short or 
long term, these pollutants could impact both human 
and animal health due to different modes of expo-
sure, such as passive ingestion of soil and/or der-
mal contact, with young children especially at risk 
(Frimpong & Koranteng, 2019; Kamunda et  al., 
2016; Madrid et  al., 2008; Ryan et  al., 2004; van 
Wijnen et al., 1990). In turn, suspended atmospheric 
particles, which are usually less than 63 μm in size, 
may be important in the transport of environmen-
tal contaminants, particularly those that remain 
attached to soil particles. Moreover, recent epide-
miological studies have provided strong evidence 
of the association between the concentration of air-
borne particles and adverse health effects (Aparicio 
et al., 2018; Pope et al., 2002).

The impact of these potentially toxic species on 
human, plant, or animal life is quantitatively assessed 
via baseline measurements of total soil chemistry 
and an estimation of the available amounts of these 
contaminants to be absorbed by different organisms 
(external bioavailability) and incorporated into their 
metabolism. This means that the mass fraction of the 
pollutant in soil or sediment is readily available for 
receptors, including humans, through the gastroin-
testinal tract, lungs, or skin. One of the methods to 
evaluate external metal bioavailability is sequential 
extraction, which was originally developed on the 
basis of the SM&T protocol (Standard, Measurements 
and Testing, formerly known as BCR) in Europe and 
the SBRC (Solubility/Bioavailability Research Con-
sortium) (Dean, 2007; McAllister et al., 2010).

The objectives of this study are (1) to provide 
information about the content and spatiotemporal dis-
tribution of agrochemicals and metals in typical crop 
agricultural land and its influence on urban soils, (2) 
to contribute to the knowledge of the actual pollu-
tion levels of the soils in the study area, and (3) to 
evaluate the possible health risk of metals and agro-
chemicals in soils. This is the first study of its kind in 
Argentina and may provide an insight into the state of 
the soil and associated human health problems. Agro-
chemicals may pose a risk to the world’s urban and 
agricultural soils, especially if there is a lack of regu-
lation and proper land management.

Materials and methods

Study area

The study region includes the metropolitan area of 
Marcos Juarez City in southeast Córdoba province, 
central Argentina. This province, which covers a sur-
face of 165,321  km2, has been strongly associated 
with agricultural activities for the last 30 years. The 
climate is temperate, continental, and subtropical, 
with a semiarid tendency, an average annual tempera-
ture of about 18 °C, and an average annual rainfall of 
900–500 mm (Rodriguez et al., 2011).

Marcos Juarez City is known for its sustained 
economic growth related to farming activities and 
agribusiness. Several sampling points were selected 
for this study, located in urban parks (site 39), play-
grounds (sites 37, 38, and 40), and surrounding fields 
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(sites 33, 34, 35, and 36). The location of each sample 
point was recorded using GPS (Fig. 1).

Sample collection and treatment

Crop cycles were taken into account when defining 
the seasons of pesticide application considered in 
this work. Topsoil samples were obtained from Mar-
cos Juarez urban area and surrounding crop fields in 
December 2010 (campaign C1), April 2011 (cam-
paign C2), September 2011 (campaign C3), March 
2012 (campaign C4), September 2014 (campaign 
C6), February 2015 (campaign C7), May 2015 (cam-
paign C8), December 2015 (campaign C9), and June 
2016 (campaign C10). Sample names are hereafter 
followed by the campaign number (e.g. 39-C1 corre-
sponds to a field sample taken from point 39 and col-
lected in campaign C1).

For each sampling point, a composite topsoil sam-
ple was obtained consisting of approximately 2 kg of 

surface soil (0–5 cm) taken from 10 random subsam-
ples. Samples were obtained using plastic tools, trans-
ported in polyethylene bags, and placed in a refrigera-
tor. The samples were mixed in the lab, air-dried at 
room temperature, crushed, and sieved to obtain par-
ticle sizes of less than 63 μm. Finally, sieved samples 
were kept in a freezer until analysis.

Soil physicochemical parameters

The following soil physicochemical parameters were 
measured: grain size, humidity, pH, organic carbon 
 (Corg), and inorganic carbon  (Cinorg). The pH has a 
great influence on the solubility of many important 
elements in the soil and on the availability of plant 
nutrients (Harrison, 2007). Thus, soil pH was meas-
ured at a 1:2.5 soil/water ratio using a pH meter with 
a glass electrode.

The heavy metals present in the soil solution are 
positively charged inorganic ions that can be adsorbed 

Fig. 1  Crop field sampling 
points: 33, 34, 35, and 36. 
Urban sampling points: 37 
(playground), 38 (play-
ground), 39 (park), and 40 
(playground)
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to the organic matter surface (negatively charged) by 
electrostatic forces, forming complexes. Furthermore, 
the soil requires a certain amount of carbonates to 
maintain its structure, but not more than a certain 
amount, which reduces the soil’s ability to provide 
nutrients. The presence of carbonates guarantees high 
pH values that favor the precipitation of heavy metals 
(Alloway, 2010; Gustafsson et al., 2003).

All soil samples were pretreated according to the 
Handbook of Soil Analysis (Pansu & Gautheyrou, 
2006). Briefly, 30 mL of HCl (1 mol  L−1, J.T. Baker, 
USA) was added to 1  g of a previously dried and 
sieved sample (size < 63 μm) in order to eliminate car-
bonates. After that, 30  mL of 30%  H2O2 was incor-
porated to remove the organic matter. Finally, 15% 
sodium hexametaphosphate ((NaPO3)6) was used as 
a dispersing solution. The samples were analyzed by 
LASER dispersion with a Horiba® LA-950 device in 
order to determine particle size.

Metal analysis

The availability of metals in soils is commonly evalu-
ated using a set of standardized extraction methods 
(Dean, 2007; McAllister et  al., 2010), which allow 
separation of the chemical species present in the 
soil into different fractions (exchangeable, reducible, 
oxidizable, and/or total) (Juhasz et al., 2009; Makris 
et  al., 2008; Poggio et  al., 2009; Rosende & Miró, 
2013; Sialelli et al., 2011; Thums et al., 2008; Turner 
& Ip, 2007).

Reagents and solutions for metal determination

Different solutions were used for the experiments 
in applying the simBCR methodology described 
below: (1) Solution “A” (0.1  mol  L−1 acetic acid): 
25 mL of glacial acetic acid (Sigma-Aldrich, USA) 
was diluted with ultrapure water (MilliQ water) in a 
1 L volumetric flask. Part of this solution (250 mL) 
was taken and diluted to 1 L in order to obtain an 
acetic acid solution of 0.11  mol  L−1. (2) Solution 
“B”: 0.5 mol  L−1 hydroxylamine hydrochloride was 
prepared by dissolving 3.475  g of the solute and 
making up to 1 L with ultrapure water. An appro-
priate amount of ultrapure nitric acid (2  mol  L−1; 
Panreac, USA) was added in order to obtain a pH 
of 2.0.

Simplified sequential extractions (simBCR)

All the materials used in the experiments were care-
fully cleaned with a 5%  HNO3 solution and rinsed 
with ultrapure water to avoid contamination. A two-
stage sequential scheme employing the reagents of 
BCR steps (a) and (b) (termed simBCR hereafter) was 
used. The fractionation procedure involves four stages 
(Dean, 2007). Stage (a) exchangeable fraction: repre-
sents the bioavailable portion of metals released from 
sediments; stage (b) reducible fraction: metals like 
those bound to iron/manganese oxides are released; 
stage (c) oxidizable fraction; and stage (d) residual 
fraction. The present study attempted to simulate the 
natural (dynamic) processes of metal release into the 
environment (Jimoh et  al., 2005). As a result, only 
stages (a) and (b) were applied because the oxidizable 
(stage c) and residual (stage d) fractions are consid-
ered not readily bioavailable and non-bioavailable, 
respectively (Dean, 2007). All the metals present in 
the first two fractions would be released in nature due 
to small changes in the redox-potential (Eh).

Following the simBCR protocol, in the first stage, 
the dried sample was weighed in a PTFE centrifuge 
tube, and 40 mL of solution “A” was added. The tube 
was shaken at 30  rpm at room temperature for 16 h 
in a mechanical horizontal shaker. Then, the mixture 
was centrifuged at 3000 rpm for 20 min. The superna-
tant was decanted and stored at − 20 °C in a polyethyl-
ene bottle until analysis. The solid residue was rinsed 
twice and shaken for 15 min with 20 mL of ultrapure 
water each time. In the following stage, solution 
“B” was added, and the procedure was repeated as 
described above. Each extraction batch was per-
formed in triplicate and included a blank sample.

Instrumentation and operational conditions

A Buck 210 graphite furnace atomic absorption spec-
trometer (GFAAS) equipped with an autosampler 
was used. The traceability of the standard method 
for metal extraction and measurement was assessed 
using the BCR-701 certified reference material from 
the Community Bureau of Reference. Certified val-
ues were Pb, 318 ± 21; Cr, 226 ± 16; Cd, 734 ± 35; 
Zn, 205 ± 6; and Ni, 154 ± 9  mg   kg−1. Results var-
ied less than ± 6% from certified values. Total metal 
concentrations were analyzed by Actlabs in Canada. 
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The alkaline fusion method  (Li2B4O7, 1050  °C with 
 HNO3 digestion) was used for sample treatment. In 
turn, inductively coupled plasma atomic emission 
spectrometry (ICP-AES; limit of detection: Cr and Ni 
20 ppm; Pb 5 ppm; Cd 0.5 ppm) was used for sample 
analyses. The percentage relative standard deviation 
(%RSD) value was 3%. NIST 694, 696, and 1633b 
were used to validate the results.

Pesticide analysis

Reagents and solutions

Solvent and reagents: n-Hexane (98.5%, Sintorgan), 
acetone (99.5%, Sintorgan), and iso-octane (99.8%, 
JT Baker) were the pesticide grade solvents used. Flo-
risil (60–100 mesh, Biopack) and anhydrous sodium 
sulfate (analytical reagent grade, Cicarelli) were pre-
treated. Florisil was heated at 600 ± 5 °C for 120 min, 
while sodium sulfate was heated at 400 ± 5 °C for 6 h.

Pesticide standards: 1000 mg  L−1 (Accu-Standard: 
M-508P-A and M-508P-B-R) in methyl tert-butyl 
ether was used.

P-A mixed solution: Aldrin (97% purity), α-BHC 
(99.5% purity), β-BHC (100% purity), γ-BHC (98.8% 
purity), δ-BHC (99.3% purity), p,p’DDD (98% purity), 
p,p’DDE (100% purity), p,p’DDT (99.7% purity), 
dieldrin (99.4% purity), endosulfan I (100% purity), 
endosulfan II (99.9% purity), endosulfan sulfate (97% 
purity), endrin (98% purity), endrin aldehyde (99.9% 
purity), heptachlor (99.8% purity), heptachlor epox-
ide (isomer B) (99.8% purity), methoxychlor (98.9% 
purity).

P-B-R mixed solution: α-chlordane (99.7% purity), 
γ-chlordane (99.3% purity), chlorbenzilate (100% 
purity), chloroneb (100% purity), chlorothalonil (98.9% 
purity), chlorpyrifos (100% purity), DCPA (100% 
purity), etridiazole (98.6% purity), hexachlorobenzene 
(100% purity), cis-permethrin (99.6% purity), trans-
permethrin (99.6% purity), propachlor (99.8% purity), 
and trifluralin (98.5% purity).

Pesticide standard solution: 1 mg  L−1 of P-A and 
P-B-R standard solutions were made up to 10  mL 
with isooctane to obtain the pesticide standard stock 
solution.

Pesticide working solutions: 4 to 100 μgL−1 were 
prepared by diluting an appropriate volume of pes-
ticide standard solution to generate the calibration 
curve.

Pesticide extraction procedure

The US-EPA Soxhlet extraction procedure (US-
EPA, 1996) consisted of placing 10  g of anhydrous 
sodium sulfate and 10 g of soil sample in an extrac-
tion thimble. Next, the extraction solvent (300  mL 
of hexane/acetone 1:1 v/v) was placed in a 500-mL 
round-bottom flask containing one or two clean boil-
ing chips. The flask was attached to the extractor, and 
the extraction was carried out at 5 cycles per hour for 
16 h. The extract was reduced to 4 mL, after which 
a cleanup was performed prior to the analysis by gas 
chromatography coupled to an electron capture detec-
tor (GC-ECD).

Instrumentation and operational conditions

Organic pesticides (OPs) were identified and deter-
mined using a Thermo Finnigan Trace gas chroma-
tograph (CG) equipped with an Electron Capture 
Detector (ECD), a Thermo auto-sampler, and a capil-
lary column (HP-5 ms 50 m × 025 mm i.d., film thick-
ness of 025 μm).Temperatures used for the injection 
port and the detector gas  N2 were 250 °C and 290 °C, 
respectively. An injection volume of 1 μL was used in 
splitless operation mode.

Operational conditions: At the initial stage, a tem-
perature of 100  °C was used for 1  min, which was 
then increased at a rate of 15 °C  min−1 up to 200 °C 
and maintained for 1 min. After this, the temperature 
was raised from 200 to 250 °C at a 3 °C   min−1 rate 
and kept for 1 min. Finally, the rate was incremented 
at a rate of 6 °C  min−1 up to 280 °C and maintained 
for 4 min. Helium (99.999% purity) at a 2 mL  min−1 
flow rate was used as a carrier.

Individual pesticides were identified by compar-
ing the retention times observed in both samples and 
the working solution. Pesticides were quantified using 
the five-point calibration method (from 4 to 100  μg 
 L−1, r2 > 0.975). The limit of detection (LOD) and 
limit of quantification (LOQ) values ranged from 
0.23 to 3.45 mg  kg−1 and from 0.58 to 2.857 mg  kg−1, 
respectively. OPs recovery varied from 48 to 106%. 
The identity of the studied pesticides was unequivo-
cally confirmed using a Thermo Scientific Trace 
CG1300 system equipped with a GC–MS ISQ LT 
simple quadrupole mass spectrometer and an HP-
5-MS column (60 m × 0.25 mm × 0.25 mm).
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Indexes and statistical tools

The relationships among all the soil sample vari-
ables were analyzed using Pearson’s correlation coef-
ficients. A principal component analysis (PCA) with 
Varimax normalized rotation was used. PCA reduced 
the dimensionality of the data set. In addition, this 
analysis allowed obtaining an appropriate visual 
representation of the data and provided information 
about potential sources of different chemicals that 
appeared in the samples (Massart et al., 1998; Miller 
& Miller, 2002).

The pollution index (PI) and the Nemerow inte-
grated pollution index (NIPI) were applied to assess 
the single and combined pollution levels of metals in 
soils, respectively. The pollution index was calculated 
as follows (Du et al., 2019):

where Ci is the metal concentration in a sample, and 
Cb is the metal concentration of a pristine sample 
selected from a depth of 0.7 m that is mineralogically 
and texturally similar to the soils studied (Abrahim & 
Parker, 2007). The PI of each metal is categorized as 
non-pollution (PI ≤ 1), low level (1 < PI ≤ 2), moder-
ate level (2 < PI ≤ 3), high level (3 < PI ≤ 5), and very 
strong level (PI > 5) of pollution. PI ≤ 1 indicates that 
the metal concentration was below the threshold con-
centration, but this does not necessarily imply that 
there was no effect on the sample from anthropogenic 
or other sources in comparison with background 
values.

In addition, the Nemerow Pollution index (NIPI) 
was calculated to estimate the combined pollution 
levels of metals (Jiang et al., 2014). NIPI values were 
calculated by the following Eq. (2):

where  PIave is the mean of the PI of the set of ele-
ments studied, and  PImax is the maximum value of 
the individual PI obtained from a single pollutant 
from among all those considered (Fei et  al., 2019; 
Jiang et  al., 2014; Zhao et  al., 2020). NIPI val-
ues lower than 0.7 indicate no pollution, whereas a 
value of 0.7 < NIPI ≤ 1 represents the warning line of 

(1)PI =
C
i

C
b

(2)NIPI =

√

PI
2
ave

+ PI
2
max

2

pollution. On the other hand, a value of 1 < NIPI ≤ 2 
indicates a low level of pollution; 2 < NIPI ≤ 3 means 
a moderate level of pollution, and NIPI > 3 shows 
a high level of pollution (Jiang et  al., 2014). PI and 
NIPI values are shown in Table 9 (see Supplementary 
Information).

Soil conditions during the study period were ana-
lyzed using a modified degree of contamination (mCd) 
(Abrahim & Parker, 2007). The mCd is also regarded 
as an appropriate measure to assess the effect of con-
tamination on human health, calculated as follows:

where Cf is the ratio between the mean concentra-
tion of a pollutant i (metal or pesticide) in the soil 
sample and the mean background concentration in 
the study area (Siegel et al., 1994) and n is the num-
ber of potential contaminants analyzed. According 
to Abrahim and Parker (2007), the degrees of con-
tamination based on mCd are classified as follows: 
very low (mCd < 1.5), low (1.5 ≤ mCd < 2), moder-
ate (2 ≤ mCd < 4), high (4 ≤ mCd < 8), and very high 
(mCd > 8).

Human health risk assessment

Direct ingestion (ingest), inhalation (inh), and dermal 
(derm) absorption are all possible routes of exposure 
to soil contaminants (Liu et  al., 2016). These expo-
sure routes were considered for the non-carcinogenic 
effects of agrochemicals present in the topsoil in and 
around Marcos Juarez City. The exposure dose can be 
estimated by using the following equations:

where ADD is the average daily intake of an agro-
chemical or metal from oral, dermal, and inhalation 
absorption (mg  kg−1   day−1); Cs is the concentration 
of a metal or pesticide in soil (mg  kg−1); IRS is the 

(3)mCd =

∑n

1
C
i

f

n

(4)ADDingest =
C
s
.IRS.EF.ED.CF

BW.AT

(5)ADDdermal =
C
s
.SA.AF.EF.ED.ABS.CF

BW.AT

(6)ADDinh =
C
s
.IhR.EF.ED

PEF.BW.AT

Environ Monit Assess (2021) 193: 661 661   Page 6 of 19



1 3

ingestion rate of soil (mg  kg−1); EF is exposure fre-
quency (day  year-1); ED is exposure duration (year); 
CF is a conversion factor (kg  mg-1); BW is the body 
weight of the exposed individual (kg); AT is the time 
period over which the dose is averaged (day); AF is 
the adherence factor (mg  cm−2   day−1); ABS is the 
dermal absorption factor (unitless); IhR is the inhala-
tion rate  (m3  day−1); PEF is the emission factor  (m3 
 day−1); and SA is the exposed skin surface area  (cm2). 
The values of parameters used in ADD are summa-
rized in Table 6 (see Supplementary Information).

The hazard quotient (HQ) and hazard index (HI) 
were used to estimate the non-carcinogenic effects 
of metals and pesticides (US-EPA, 2002). The HQ 
for each metal and pesticide per site is calculated as 
follows:

where  RfDk is the reference dose (mg  kg−1  day−1) of a 
specific metal or pesticide for a single exposure path-
way (k). The hazard index (HI) was calculated as the 
sum of  HQk. The approach assumes that simultaneous 
subthreshold exposures to several chemicals could 
result in adverse health effects (US-EPA, 2002).

If HI is less than or equal to 1, little or no risk to 
human beings is expected, whereas if it is greater than 
1, adverse effects on human health are likely (US-
EPA, 2002).

Results and discussion

The concentration ranges for the different chemical 
species determined in the samples and their percent-
age coefficients of variation (CV%) are shown in 
Table 1.

The mean concentrations of available metal frac-
tions followed this order: Pb > Ni > Cr > Cd. The 
CV% of metals in topsoil decreased in the following 
order: Cd (121%) > Ni (94%) > Pb (82%) > Cr (81%). 
These results showed an important variation (i.e., 
high CV%) in metal concentrations, which might be 
attributed to an anthropogenic origin (Huang et  al., 
2009; Karimi Nezhad et  al., 2015). There are some 

(7)HQ
k
=

ADD
k

RfDk

(8)HI =

n
∑

k=1

HQ
k

extreme outliers that indicate potentially polluted 
spots with Pb (sample 33-C4), Ni (sample 33-C9), 
and OPs (samples 34-C9 and 39-C8). All pesticide 
concentrations varied among campaigns. In the first 
campaigns (C1-C4), crop field samples contained 
HCH, chlorobenzilate, endosulfan, and endrin, while 
cis/trans-permethrin, endosulfan, chlorpyrifos, chlo-
rothalonil, and DCPA were found in the last four 
campaings (C6, C7, C8, and C10). On the other hand, 
chlorothalonil, α and γ chlordane, methoxychlor, and 
chlorpyrifos were found in parks and playgrounds in 
campaigns C4 to C6. From campaign C7 onwards, 
DDT, DDD, DDE, and endosulfan were detected 
in parks and playgrounds as well as permethrin and 
chlorpyrifos also found in crop fields. In campaigns 
C9 and C10, in particular, endosulfan, chlorpyrifos, 
permethrin, and chlorothalonil were found both in 
field samples 33 and 34 and in the nearby parks and 
playgrounds (39 and 40). Furthermore, these results 
might suggest that agricultural pesticides are reaching 
surrounding cities.

The coefficients of variation of OPs ranged from 
13 to 277%, showing the variable management of 
agrochemical application (Zhang et  al., 2017). The 
analyzed data also warns about an increase in the use 
of chlorpyrifos and permethrin in the last sampling 
campaigns. A possible explanation for this fact is the 
use of alternative agrochemicals for pest control due 
to the resistance to chemical products developed by 
some pests as a result of the intensive use of pesti-
cides, as reported by the Chamber of Agricultural 
Safety and Fertilizers (CASAFE, 2016).

Given the current legislation, some agrochemicals 
tested should not have been detected in these cam-
paigns. Therefore, the time of their application was 
analyzed. The ratio of pesticides and their degrada-
tion products (e.g., DDT/[DDD + DDE]) > 1 implies 
an ongoing use, while values < 1 entail a historical 
usage (Jiang et  al., 2009; Liu et  al., 2012; Sánchez-
Palencia et  al., 2015; Xiao et  al., 2017; Pegoraro & 
Wannaz, 2019). The results of crop field samples 
revealed that DDT and lindane residues originated 
from historical application, but endosulfan was 
recently introduced at some sampling sites. However, 
in parks and playground samples, the results showed 
that DDT, heptachlor, and endosulfan (banned since 
July 2013) residues originated from fresh applica-
tions. Some authors suggest that DDT residues found 
in the last few years could be due to the use of dicofol 
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acaricides (which contain traces of DDT as impuri-
ties in the manufacturing process) or to the applica-
tion of this pesticide in Córdoba province to control 
the dengue-carrying mosquito during the sampling 
period (Pegoraro & Wannaz, 2019).

Physicochemical parameters

The accumulation and impact of potential contaminants 
depends on the physicochemical characteristics of the 
soil. Here, soil physicochemical parameters were obtained 

from sieved soil samples (Table  2) to explore possible 
changes in the medium throughout the study period.

In crop field samples, the pH ranged between 4.4 
and 7.1, with a mean value of 6.3. This value was 
slightly lower than that obtained for parks and play-
grounds, which varied between 6.1 and 8.7, with a 
mean of 7.01 (neutral). Organic matter  (Corg) con-
tent in crop field samples ranged from 1.81 to 6.90. 
In general, the samples belonging to campaign 4 
had a slightly higher content of carbonates  (CInorg) 
than samples from the other campaigns.

Table 1  Concentration 
range of metals (mg  kg−1) 
and pesticides (µg  kg−1) 
obtained in topsoil samples

LOD: limit of 
detection; SD: standard 
deviation; CV[%]: 
percentage coefficient of 
variation; nd: not detected

Chemical LOD Detected 
concentration 
range

Statistics for detected concentration

Mean SD Median CV [%]

Metals Pb 0.12 0.41–34.34 7.99 6.58 6.06 82

Cr 0.08 0.12–3.59 0.89 0.71 0.74 79
Cd 0.16 0.16–1.86 0.35 0.43 0.16 123
Ni 0.02 0.23–6.66 1.50 1.4 1.07 93

OPs Methoxychlor 0.22 0.22–18.7 4.64 7.86 1.26 169
p,p’-DDT 1.28 1.28–36.91 14.97 13.43 14.96 90
Endosulfan sulfate 0.89 0.23–9.49 5.04 4.29 5.57 85
Endrinaldehyde 0.21 nd nd nd nd nd
p,p’-DDD 2.05 2.02–11.53 5.09 4.46 3.42 88
Endosulfan II 0.52 0.52–1.87 1.87 0.54 1.87 29
Endrin 0.3 0.3–3.5 2.83 0.76 3.00 27
Dieldrin 0.82 nd nd nd nd nd
p,p’-DDE 0.6 0.6–16.6182 6.95 6.58 3.02 95
Endosulfan I 0,52 0.52–41.45 9.21 11.00 5.21 119
Heptachlor epoxide 0.78 nd nd nd nd nd
Aldrin 0.37 nd nd nd nd nd
Heptachlor 0.48 0.48–3.14 2.20 1.33 2.20 60
δ-HCH 1,04 1.04–2.40 2.4 - 2.4 -
γ-HCH 0.72 nd nd nd nd nd
β-HCH 0.53 0.53–9.4 6.30 4.38 6.30 70
α-HCH 0.26 0.26–1.84 1.54 0.26 1.6 17
Etridiazole 1.44 1.44–13.35 6.21 5.58 5.06 90
Trifluralin 1.21 1.21–17.78 1.05 - 17.78 -
Hexachlorobencene 0.6 nd nd nd nd nd
Chlorothalonil 0.18 0.18–5.3433 2.51 2.58 1.15 103
Chlorpyrifos 0.97 0.97–2825.30 163.62 575.10 11.44 351
DCPA 0.22 0.22–3.03 1.48 1.01 1.28 68
γ-Chlordane 1.25 1.25–9.13 5.13 2.79 5.50 54
α-Chlordane 1.87 1.87–5.35 2.68 1.63 2.35 61
Chlorobenzilate 0.97 0.97–52 29.88 17.66 36.00 59
trans-Permethrin 0.78 0.78–50.83 18.83 16.06 18.60 85
cis-Permethrin 0.55 0.55–44.99 16.62 12.67 13.42 76
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Data treatment and statistical analysis

Data were classified according to the land use soil 
types in order to provide better information about the 
spatiotemporal distribution and environmental behav-
ior of agrochemicals in a typical agricultural region. 
Soil types were classified as “urban soil” (public 
playgrounds and parks) and “agricultural soil” (crop 
fields). The statistics software IBM SPSS Statistics 
24.0 (free trial) and InfoStat (2012) were employed 
to perform statistical analyses. Atypical values were 
detected by using the interquartile range test (Massart 
et al., 1998).

Pearson’s correlation analysis

Pearson’s correlation analysis was carried out con-
sidering the Cf values of different chemical species 
determined in soil samples (results are shown in 
Tables 3 and 4). The corresponding  Cf values of pes-
ticides were summed (mCdpest) instead of consider-
ing pesticide concentrations. Only values statistically 
significant above 0.05 and 0.01 were considered (con-
fidence intervals at 95% and 99%). According to the 
correlation matrix (Tables 3 and 4), none of the phys-
icochemical parameters had a significant correlation 
with the  Cf of metals or pesticides.

The significantly positive metal–metal/metal-
pesticide correlation could indicate a possible simi-
lar contribution source for these chemicals (Devi 
et al., 2013). In crop fields, a positive correlation was 
observed between Cr and Pb (38%) (see Table  3), 
whereas no significant correlation was found with the 
remaining metals. Nevertheless, some agrochemicals 

not studied here could be contributing sources of 
heavy metal contamination. In this sense, some 
authors have linked Cd, Pb, and Ni content to the 
use of fertilizers (Cai et  al., 2012; Cheraghi et  al., 
2012; Giuffré de López Carnelo et  al., 1997; Liu 
et  al., 2015; Milinovic et  al., 2008). Significant cor-
relations were found between  CfΣpermethrin and 
etridiazole (50%),  CfΣpermetrin and chlorpyrifos 
(37%), ΣCfDDTs and chlorothalonil (95%), meth-
oxychlor and  CfΣpermethrins (83%), and endrin 
and chlorobenzilate (56%). Similar results were also 
found for Cr and heptachlor epoxide (47%), indicat-
ing that part of the Cr content could have been con-
tributed by the formulation of this agrochemical. The 
significant positive correlations found between the 
selected pesticides indicate that pesticide sources in 
the soil are similar. This is not necessarily true in all 
the samples, due to the fact that pesticides are applied 
to the crops at different stages of crop cycles. Thus, 
these pesticides enter the soil at different periods 
of time. On the other hand, the values of Pearson’s 
correlation coefficient for urban samples (parks and 
playgrounds, Table  4) showed a significantly posi-
tive correlation between Cr and Ni (58%), while Cd 
showed a negative correlation with Cr (46%). The Cr 
and Ni correlation has been pointed out in soil stud-
ies carried out in agricultural regions by other authors 
(Cai et  al., 2012). Apparently, more persistent com-
pounds like DDT and endosulfan were found to be 
correlated with Ni and Cr. Moreover, CfΣDDTs cor-
relate with CfΣendosulfans (78%). It was found that 
chlorpyrifos was positively correlated with Cr (50%), 
Pb with CfΣEndrin (63%), and Cd with chlordanes 
(47%). CfDCPA showed a significant correlation with 

Table 2  Physicochemical parameters measured in sieved soil samples

Min and Max, minimum and maximum value of the parameter, respectively; SD, standard deviation; CV%, percentage variation coef-
ficient

Use Parameter n Mean SD CV% Min Max

Agricultural soil Humidity (%) 32 3.59 1.70 47.38 1.54 7.95
Corg %) 4.32 1.42 32.80 1.81 6.90
Cinorg (%) 1.47 0.28 19.12 1.05 2.49
pH 6.29 0.28 4.38 5.75 7.10

Urban parks and play-
grounds

Humidity (%) 24 3.65 1.03 28.34 2.30 6.46
Corg (%) 5.45 0.69 12.61 4.34 7.23
Cinorg (%) 1.74 0.34 19.58 1.36 3.04
pH 7.01 0.69 9.86 6.09 8.69
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chlorpyrifos (70%) and chlorothalonil (68%). Moreo-
ver, Cr, Ni, Pb, and Cd correlated with some of the 
pesticides analyzed, indicating that the agrochemi-
cals used could be important contributing sources of 
heavy metal pollution (e.g., Cr-Chlorpyrifos [Pérez 
et  al., 2018]). However, the metals analyzed might 
also have been contributed by industrial establish-
ments located in Marcos Juarez City.

Principal component analysis

Principal component analysis (PCA) was performed 
considering the following variables:  CfPb (Pb),  CfCr 
(Cr),  CfCd (Cd),  CfNi (Ni), and mCdpest and was 
conducted by the method of Varimax rotation with 
Kaiser normalization of variables.

Crop field soil samples: The PCA results are shown 
in Fig. 2 and in Table 8 (see Supplementary Informa-
tion). According to Kaiser’s criterion (Yeomans & 
Golder, 1982), the first three components with eigen-
values higher than 1.0 have dominant influences. 
Components I (PC1) and II (PC2) explain 55.4% 
of the total variance (Fig.  2), achieving 76.8% with 
component III (PC3). PC1 was strongly related to Pb 
(77%) and Cr (87%), whereas PC2 was tightly linked 
with Cd (76%) and Ni (87%). PC3 was most depend-
ent on mCdpest (88%), Cd (41%) and, to a lesser 
extent, Pb (34%).

The scores (soil sampling sites) and loading vec-
tors  (CfPb,  CfCr,  CfCd,  CfNi, and mCdpest) are 
shown in bi-plots of the rotated principal compo-
nents plane (Fig. 2a, b). As can be noted, there is a 
certain tendency for the samples to be grouped by 
campaigns. The grouping is mainly due to metal con-
tent and, to a lesser degree, to pesticides. The bi-plot 
based on the first two components depicts samples 
from campaign C1 (December 2010, pesticide appli-
cation period) grouped in quadrant II due to the high 
content of Cd (CfCd 1.1–2.3) and Ni (CfNi 1.3–1.5) 
(see Pearson correlation matrix in Table 3). A high 
Cd concentration was particularly detected in sam-
ple 33-C1 (CfCd = 2.3). Samples from campaign C2 
(April 2011, post-harvest period) were grouped in 
quadrant I, mainly due to Cr (Cf range 2.84–4.27) 
and Ni (Cf range 1.75–2.05) content compared to 
C1. Samples from campaigns C3 and C8 (September 
2011 and May 2015, pre-sowing periods) appear in 
quadrant III due to an important decrease in metal 

content. Samples from C10 (June 2016, pesticide 
application period for winter crop development) are 
clustered together in quadrant IV due to high Cd 
 (CfCd 4.1–6.2) and Pb  (CfPb 2.6–3.6) levels and their 
low Ni content  (CfNi 0.3–0.7).

Figure  2b shows the biplot PC1 and PC3, which 
revealed that samples from campaign C1 (Decem-
ber 2010) were grouped in quadrant II due to the high 
content of Cd  (CfCd 1.1–2.3) and mCdpest (mCdPest 
11.3–18.2), which was expected since this campaign 
coincides with the period of pesticide application in 
the spring/summer. Samples from campaign C10 (June 
2016, pesticide application period in winter) were 
grouped in quadrant I, mainly due to their Cr, Pb, and 
pesticide (mCdpest 5.4–28.2) content. Samples from 
campaigns C3 and C8 (September 2011 and May 2015, 
low pesticide application periods) appear in quadrant 
III due to an important decrease in metals and pesticide 
content. Meanwhile, most of the samples from C2 and 
C4 (April 2011 and March 2012) were grouped in quad-
rant IV, mainly due to an increase in Cr, Ni, and Pb.

Park and playground soil samples

The PCA results for park and playground samples 
are shown in Fig.  3 and in Table  8 (Supplementary 
Information). The first three components account for 
82.1% of the total explained variance (PC1, 34.5%; 
PC2, 27.7%; and PC3: 20.9%). PC1 was strongly 
related to Pb (69%) and Cr (57%) and had a negative 
contribution of Cd (84%), whereas PC2 was tightly 
linked with Cd (74%) and Ni (94%). PC3, on the other 
hand, was the most dependent on mCdpest (91%).

In this case, the PCA also grouped samples mostly 
according to campaigns. The grouping is mainly due 
to metal content and, to a lesser extent, to pesticides. 
Figure 3a depicts the biplot obtained by PCA show-
ing the distribution of soil samples and variables for 
the first two meaningful principal components. Sam-
ples from campaign C4 (March 2012, post-harvest 
period in field samples) were grouped in quadrants 
II and III, mainly due to Cd  (CfCd 3.8–9.8) and Ni 
 (CfNi 1.0–3.6). Figure 3a shows that samples belong-
ing to C7 (February 2015) are detached from the 
rest of the samples (except 38-C8) due to their high 
PC2 values, which indicate high concentrations of Cr 
 (CfCr 3.8–13.8) and Ni  (CfNi 11–4.3). This is also 
reflected in the correlation coefficients reported in 
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Fig. 2  a Principal component analysis biplot of variables 
(loadings) and fields sampled (scores) for the first two mean-
ingful principal components (PC1-PC2). b Biplot of the princi-

pal component analysis (PCA) shows scores (field samples) on 
the PC1-PC3 plane. Vectors represent the loadings (variables)
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Table 4. Samples from C6 and C10 (September 2014 
and June 2016, respectively) were mainly grouped in 
quadrant IV due, on one hand, to their high pesticide 
content (ΣCfpest range 93.16–228.87) and, on the 
other, to their Pb, Cr, and Cd concentrations. In addi-
tion, samples of parks and playgrounds from cam-
paign C9 (December 2015) were grouped in quadrant 
III due to their low Cd concentration  (CfCd 0.8–2.3).

According to the PC1-PC3 biplot (Fig. 3b), samples 
from campaign C7 (pesticide application period) were 
grouped in quadrant I due to their pesticide (mCdpest 
7.5–24) and Cr content. Samples from C4 (March 
2012) appear separate from the others in the biplot 
due to their Cd and Ni values. Most of the samples 
from campaign C9 (December 2015) were grouped 
in quadrants III and IV because of their moderate 

concentrations of Cd, Pb, and low pesticide content. 
On the contrary, sample 39-C9 exhibited high positive 
values for PC2, which could be associated with a clear 
permethrin and chlorpyrifos (mCdpest 109.3) burden 
as revealed in campaign C9 in field samples.

Degree of contamination and metal pollution level

In order to assess the spatial and temporal levels of poten-
tial contaminants and their possible effect on human and 
environmental health, PI, NIPI (Fig. 4 and Table 9, Sup-
plementary Information), and mCd values (Fig.  5 and 
Table 10, Supplementary Material) were obtained.

Mean PI values of Pb, Cr, Cd, and Ni ranged from 
0.16 to 1.36 in field soils and from 0.32 to 1.93 in 
parks and playground soils, indicating that the samples 
had a low pollution level. However, this is not entirely 
true, taking into account the standard deviation from 
the mean. Therefore, the median values of PI indicated 
that 50% of soils ranged from moderate to highly 
polluted with Pb and Cr. The PI indices denoted the 
absence of or low pollution level with Cd and Ni for 
both field and urban soils. However, regarding the 

Fig. 3  a Principal component analysis biplot of variables 
(loadings) and parks and playgrounds sampled (scores) for the 
first two meaningful principal components (PC1-PC2). b The 
biplot of the principal component analysis (PCA) shows scores 
(parks and playground sites) on the PC1-PC3 plane. Vectors 
represent the loadings (variables)
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Fig. 4  Nemerow index (NIPI). Dashed lines show different degrees of pollution: non-pollution (0 > NIPI < 1), low (1 > NIPI < 2), 
moderate (2 > NIPI < 3), and high pollution levels (NIPI > 3)

Fig. 5  Modified degree of contamination (mCd). Dashed lines show degrees of pollution: low (1.5 ≤ mCd < 2), moderate 
(2 ≤ mCd < 4), high (4 ≤ mCd < 8), and very high (mCd > 8)
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topsoils were highly polluted as well as crop field 
topsoils. These results show a high level of pollution, 
mainly due to the Pb, Cr, and Ni content. Parks and 
playgrounds from campaign C7 (pesticide application 
period) showed the highest level of metal pollution.

Table 3:  Pearson’s correlation coefficients between metal and pesticides frequently present in field samples (*p<0.01, bilateral) 
(**p< 0.05 (bilateral).

Endsulf.: Endosulfan I + endosulfan II + Endosulfan sulfate; Chlorphy.: Chlorpyrifos; Chlorta: Chlorothalonil; Heptach.ep: Hepta-
chloro.epoxide; HCH:  α-HCH + β-HCH + δ-HCH+ γ-HCH; Chlorob.: Chlorobenzilate; Permeth: cis-Permethrin + trans- Perme-
thrin; Methyc: Methoxychlor; DDTs: DDT+DDD+DDE

CfPb CfCr CfCd Cinorg CfMethyc CfΣHCH CfΣDDTs CfΣPermeth CfChlorob

CfPb 1
CfCr 0.38* 1
CfCd 1
CfNi
Corg

Cinorg 1
pH 1
CfHeptach.ep 0.47* 0.67**

CfΣHCH 1
CfΣEndsulf.
CfΣPermeth 0.83** 1
CfChlorphy 0.37*

CfChlorta 0.95**

CfDCPA
CfEtridiazole 0.71** 0.50**

CfChlorob. 0.38* 0.61** 1
CfΣEndrin 0.48** 0.56**

Table 4:  Pearson correlation coefficients between metal and pesticides frequently present in parks and playground samples 
(*p<0.01, bilateral) (**p< 0.05 (bilateral).

Endsulf.: Endosulfan I + endosulfan II + Endosulfan sulfate; Chlorphy.: Chlorpyrifos; Chlorta: Chlorothalonil; Heptach.ep: Hepta-
chloro.epoxide; HCH:  α-HCH + β-HCH + δ-HCH+ γ-HCH; Chlorob.: Chlorobenzilate; Permeth: cis-Permethrin + trans- Perme-
thrin; Methyc: Methoxychlor; DDTs: DDT+DDD+DDE; Chlords: α-Chlordane + β-Chlordane

CfPb CfCr CfCd CfNi Cinorg CfΣDDTs CfΣEndsulf CfChlorphy CfChlorta CfDCPA

CfCr 1
CfCd -0.46* 1
CfNi 0.58** 0.14 1
pH 0.53*

CfMethyc 0.84**

CfΣDDTs 0.80** 0.70** 1
CfΣEndsulf 0.61** 0.53* 0.78** 1
CfΣPermeth 0.59**

CfChlorphy 0.50* 1
CfDCPA 0.70** 0.68** 1
CfΣChlords 0.47*

CfChlorob 0.49*

CfΣEndrin 0.63**

combined pollution effects of the set of elements stud-
ied, the NIPI indicates high pollution levels for the 
crop fields studied. In turn, parks and playgrounds 
exhibited NIPI values that ranged from 0.57 to 10.38 
(see Fig. 4), with a mean of 4.24, denoting that urban 
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Table 5  Assessment of 
potential health risks posed 
by various heavy metals 
 (HImet), pesticides  (HIpest) 
and total  (HItot) in topsoils 
for children agricultural 
workers

Children < 6 years Agricultural workers

Sample-campaign HIpest HImet HItot HIpest HImet HItot

33-C1 0.0002 0.4481 0.4483 0.0000 0.0207 0.0207
34-C1 0.0210 0.3668 0.3878 0.0010 0.0170 0.0179
35-C1 0.0011 0.3176 0.3187 0.0000 0.0147 0.0148
36-C1 0.0307 0.3683 0.3990 0.0014 0.0171 0.0185
33-C2 0.0022 0.8855 0.8877 0.0001 0.0408 0.0409
34-C2 0.0007 0.7034 0.7041 0.0000 0.0325 0.0325
35-C2 0.0000 0.7829 0.7829 0.0000 0.0361 0.0361
36-C2 0.0004 0.6164 0.6168 0.0000 0.0284 0.0285
33-C3 0.0000 0.2065 0.2065 0.0000 0.0097 0.0097
34-C3 0.0002 0.1554 0.1556 0.0000 0.0072 0.0073
35-C3 0.0000 0.1487 0.1488 0.0000 0.0069 0.0069
36-C3 0.0000 0.0408 0.0408 0.0000 0.0019 0.0019
33-C4 0.0000 0.8152 0.8152 0.0000 0.0385 0.0385
34-C4 0.0002 1.1570 1.1572 0.0000 0.0532 0.0532
35-C4 0.0002 0.8671 0.8673 0.0000 0.0402 0.0402
36-C4 0.0000 0.3603 0.3603 0.0000 0.0167 0.0167
37-C4 0.0027 0.1575 0.1603 0.0001 0.0073 0.0074
38-C4 0.0014 0.1398 0.1412 0.0001 0.0065 0.0066
39-C4 0.0000 0.2262 0.2262 0.0000 0.0106 0.0106
40-C4 0.0035 0.2428 0.2462 0.0002 0.0113 0.0114
33-C6 0.0081 0.7693 0.7774 0.0004 0.0354 0.0358
34-C6 0.0000 0.8251 0.8251 0.0000 0.0380 0.0380
35-C6 0.0003 0.9554 0.9557 0.0000 0.0441 0.0441
36-C6 0.0021 0.5061 0.5082 0.0001 0.0233 0.0234
37-C6 0.0038 0.4403 0.4441 0.0002 0.0203 0.0204
38-C6 0.0482 1.9018 1.9500 0.0022 0.0880 0.0902
39-C6 0.0117 1.0829 1.0947 0.0005 0.0500 0.0505
40-C6 0.0021 0.5333 0.5354 0.0001 0.0248 0.0249
37-C7 0.0028 1.4459 1.4487 0.0001 0.0664 0.0665
38-C7 0.0162 0.8001 0.8163 0.0009 0.0369 0.0378
39-C7 0.0037 2.3857 2.3895 0.0003 0.1095 0.1098
40-C7 0.0114 2.6347 2.6462 0.0007 0.1210 0.1217
33-C8 0.0000 0.4061 0.4061 0.0000 0.0186 0.0186
34-C8 0.0164 0.5826 0.5991 0.0008 0.0267 0.0275
35-C8 0.0002 0.0426 0.0428 0.0000 0.0020 0.0020
36-C8 0.0003 0.5118 0.5121 0.0000 0.0236 0.0236
37-C8 0.0010 0.0172 0.0182 0.0000 0.0008 0.0008
38-C8 0.0183 1.9928 2.0111 0.0009 0.0921 0.0930
39-C8 0.5059 0.9115 1.4174 0.0236 0.0419 0.0655
40-C8 0.0025 0.7648 0.7673 0.0001 0.0355 0.0357
33-C9 0.0039 0.3944 0.3983 0.0002 0.0184 0.0185
34-C9 0.3461 0.4234 0.7694 0.0159 0.0195 0.0354
35-C9 0.0002 0.5698 0.5700 0.0000 0.0262 0.0263
36-C9 0.0010 0.6512 0.6522 0.0000 0.0301 0.0301
37-C9 0.0021 0.5298 0.5319 0.0001 0.0244 0.0245
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The modified degree of contamination can provide 
an integrated assessment of the overall contamination 
impact of both metals and pesticides (see Table 10 in 
Supplementary Material). In field samples, the results 
obtained for the mCdtot ranged from 0.8 to 98.5 with 
a median of 2.8, indicating a moderate degree of con-
tamination. Parks and playgrounds showed mCdtot 
values that ranged from 1.28 to 1534.2 with a median 
of 4.5, indicating a high pollution level. Given these 
findings, parks and playgrounds were more polluted 
than fields, and pesticide pollution was greater than 
metal pollution (see Table 10 in Supplementary Mate-
rial). In general, the highest pollution was found in 
campaign C1 (mCdtot values were higher than 6.73, 
mainly due to pesticides) and also from campaign C6 
onwards (see Fig. 5). Parks and playgrounds showed 
the most damaging contamination levels, especially 
from campaign C6 onwards (see Fig.  5). Notewor-
thy, playgrounds showed a low to moderate degree of 
pollution during campaign C4 (period of low agro-
chemical application in crop fields), except for sample 
38-C4 (mCdtot: 5.9), which qualifies as having a high 
degree of pollution. These findings could be attributed 
to urban pesticide application management (38-C4 
showed mCdpest 9.95, see Table 10 in Supplementary 
Material). However, a high level of pollution was not 
observed in field samples collected during the same 
campaign. In addition, given that campaign C8 (May 
2015) was a period of low pesticide application, the 
mCd values for fields, parks, and playgrounds ranged 
from moderate to very high. This could be related to 
the changes in pesticide application management dur-
ing 2014–2015 caused by intense rain, waterlogging, 

and/or hail events (the accumulated rainfall from Janu-
ary to May was 542 mm; data obtained from the Cór-
doba Grain Exchange Bureau [BCCBA]).

Human health risk assessments

The non-cancer risks from OPs and metals to local 
villagers via inhalation, soil ingestion, and dermal 
contact exposure routes are outlined in Table 5. For 
the agricultural worker population, calculated values 
of HI were lower than 1. This means that there are no 
adverse health effects on agricultural workers. Several 
of the HI values in parks and playgrounds for children 
under the age of six were greater than 1, owing pri-
marily to metals > pesticides. Finally, the integrated 
effects of pesticides, and mainly metals, due to expo-
sure to agricultural soils, may pose non-carcinogenic 
health risks to children. The low body weight of 
children results in a higher exposure dose to pollut-
ants than for adults. Therefore, children have a higher 
hazard of non-carcinogenic pollutant exposure than 
adults under similar conditions.

Conclusion

The results of this study provide basic information 
that contributes to the knowledge of soil manage-
ment in a typical agricultural area. The contribution 
of 28 agrochemicals and available heavy metals to the 
soils of Marcos Juarez City and surrounding fields 
throughout the 2010–2016 period was assessed. The 

Table 5  (continued) Children < 6 years Agricultural workers

Sample-campaign HIpest HImet HItot HIpest HImet HItot

38-C9 0.0005 0.5154 0.5159 0.0000 0.0240 0.0240
39-C9 0.0010 0.5290 0.5299 0.0000 0.0245 0.0245
40-C9 0.0082 0.4624 0.4706 0.0004 0.0217 0.0221
33-C10 0.0001 0.6066 0.6067 0.0000 0.0281 0.0281
34-C10 0.0020 0.9332 0.9352 0.0001 0.0433 0.0434
35-C10 0.0028 0.8032 0.8061 0.0001 0.0372 0.0374
36-C10 0.0001 0.7972 0.7974 0.0000 0.0370 0.0370
37-C10 0.0010 0.8441 0.8452 0.0000 0.0391 0.0392
38-C10 0.0281 0.7390 0.7671 0.0013 0.0343 0.0356
39-C10 0.0022 0.8002 0.8024 0.0001 0.0371 0.0372
40-C10 0.0005 1.0127 1.0132 0.0000 0.0470 0.0471
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significant variability of available heavy metals may 
be attributed to some anthropogenic sources. The 
highest metal pollution levels were obtained during 
the pesticide application periods, not only in crop 
fields, but also in parks and playgrounds. In addition, 
the %CV pesticide values might show a disorderly 
and variable pesticide management. The residues of 
some banned OPs in topsoil samples originated from 
historical application, but there is recent introduc-
tion of DDT and endosulfan at some sampling sites 
in Marcos Juarez. The mCd index values indicate a 
high degree of pollution mainly from pesticides in the 
study area. Because of the pollutant spread processes, 
crop fields and urban sites in the region might consti-
tute a source of exposure of the population to pesti-
cides and metals from the fine fraction of topsoil.

The results suggest that pesticide and metal lev-
els in Marcos Juarez topsoils are an example of how 
agrochemicals can represent a hazard to the environ-
ment and pose obvious non-carcinogenic risks to local 
children. Thus, proper topsoil guidelines together with 
studies involving the analysis of other commonly used 
pesticides and a continuous monitoring program are all 
actions needed to safeguard the health of the popula-
tion and the environment. Furthermore, future research 
is required to study how climate factors can contribute 
to spreading a broader range of active substances used 
in current agricultural practices nationwide in non-tar-
get areas, particularly along field edges.
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