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Abstract
Due to the increase in pesticide detection in groundwater and other environmental components, some indicators, such as the 
attenuation factor (AF) and the environmental impact quotient (EIQ), have been proposed to determine potential pesticide 
contamination. Thus, it is possible to select pest management strategies in order to minimize the risk of environmental 
impact. The objective of this work was to evaluate the potential groundwater contamination as well as the environmental 
impact due to pesticide use on the main crops within the Dulce creek basin (southeast Buenos Aires Province, Argentina). 
In the present study, 17 herbicides, 20 fungicides and 14 insecticides were selected. According to AF values, Imazetapir 
and Picloram herbicides, and Clothianidin insecticide were responsible for the greatest risk of groundwater contamination. 
Fungicides were classified as very immobile to moderately mobile, which determined an unlikely to highly unlikely risk of 
contamination potential tied to them. Results showed that herbicides would pose the greatest risk of potential groundwater 
contamination within the studied basin, followed by insecticides and finally by fungicides. Most pesticides showed a low 
EIQ, but the high number of applications of some of them, particularly in potatoes, significantly increased their dangerous-
ness. Potato was the riskiest crop due to the high use of fungicides associated with its production. These results should be 
useful for the decision-making of the people or institutions related to the planning of the use of environmental resources in 
order to promote more sustainable forms of agricultural production.
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Introduction

Pesticides are chemical and/or biological compounds for 
control and/or prevention of pests which are harmful to agri-
cultural production. Intensification of productive systems, 

associated with a frequent and increasing use of agrochemi-
cals (pesticides, mainly) (Carreño and Viglizzo 2010), has 
increased the potential risk of environmental contamina-
tion. Pesticide traces have been found in non-agricultural 
areas, as well as in the atmosphere, surface and groundwa-
ter (Funari et al. 1995; Alister and Kogan 2006; Aparicio 
et al. 2013; De Geronimo et al. 2014; Postigo and Barceló 
2015), that impact human life, and also flora and/or fauna 
in agroecosystems.

Traditionally, pesticides are selected taking their price 
and efficacy into consideration, but their behavior once they 
are in soil, which determines their fate and environmental 
impact, is usually ignored. The fate of a pesticide is a result 
of complex interactions between its physical and chemical 
properties, soil characteristics and environmental conditions 
(Bedmar et al. 2017). Within the context of sustainable agri-
culture and food security, it is necessary to integrate tools 
that predict pesticide behavior within the environment, and 
their potential environmental impact (EI), to serve as deci-
sion-making support tools.
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Prediction of pesticide behavior, once they are free within 
the environment, is necessary to anticipate, and thus avoid 
or minimize probable adverse effects on groundwater, eco-
system, and human health. The assessment of pesticide envi-
ronmental parameters such as volatility, persistence in soil, 
water solubility and adsorption by soil particles, is the sim-
plest way of estimating its behavior (Díaz-Díaz et al. 1998). 
These parameters are also used to build simple, non-quan-
titative runoff or leaching indices, i.e., groundwater ubiq-
uity score (GUS; Gustafson 1989), useful for comparisons, 
with the added advantage of their great ease of application 
and interpretation (Vighi and Di Guardo 1995). However, 
they do not take into account environmental factors which 
may not be pesticide-specific, but affect its fate within the 
environment. Likewise, they do not allow for evaluation of 
the complex interrelation between the factors and processes 
involved in each specific situation (Kookana et al. 2005).

There are complex indices as well, which improve on the 
limitations found in the previously mentioned ones. They 
take into account not only the properties of pesticides, but 
also consider soil characteristics, hydrological and climate 
conditions, as well as agricultural practices. Neverthe-
less, their limitation is that they require information of a 
high number of parameters, which is not always available 
(Spadotto et al. 2002; Bernard et al. 2005). Two complex 
indices, the attenuation factor (AF) and retardation factor 
(RF) were developed by Rao et al. (1985). The AF estimates 
the fraction of an applied pesticide that leaches through the 
soil profile to a reference depth. The RF, on the other hand, 
indicates the relative mobility of different pesticides when 
they leach through soil, taking sorption and partition in solid 
and liquid phases into account. Determination of AF and 
RF allows estimating the potential risk of pesticide leaching 
to groundwater and establishing a hazard ranking of them. 
Unlike other indices, such as the GUS, which are based only 
on the physicochemical characteristics of the pesticides, 
RF and AF also take into account some soil properties and 
hydrological conditions, so their value varies according the 
area under study. This particularity makes it possible to con-
struct risk maps that allow visualizing the areas of greatest 
risk of potential contamination in the basins under study 
by means of an integration of the AF/RF model with GIS 
(Geographic Information System) (Paz and Rubio 2006). 
Moreover, some complex indices for predicting pesticide 
EI have been developed. Among the best known ones is the 
environmental impact quotient (EIQ) (Kovach et al. 1992). 
This index allows comparisons between pesticides and 
their management practices, in order to select those with 
the smallest EI for each case (Guigón-López and Gonzalez-
Gonzalez 2007). The EIQ considers risk potential over every 
component of the environment, including agricultural work-
ers, consumers and an ecological component. The last one 
considers impact on fishes, birds, bees, beneficial arthropods 

and plants. The calculations for each separate component, 
which are later joined in the final EIQ, are based on inherent 
properties of each pesticide as toxicity and exposure toward 
other organisms due to environmental behaviors (residues in 
plants, soil, leaching, among others). The final EIQ serves as 
a base to calculate a field EIQ that provides an indicator of 
the potential impact of a certain pesticide formulation at a 
prescribed dose (Walter-Echols and Van der Wulp 2008). It 
is important to note that EIQ refers to the active ingredient 
and thus cannot be used to compare the risk of formulated 
products. Field EIQ can be used to compare different pesti-
cides and pest management strategies and determine which 
program or pesticide has the lowest environmental impact. 
Such information is very useful to define pest management 
programs that minimize the toxic risk. Likewise, it could be 
useful in the development of legal norms that prevent the 
contamination of natural resources and their consequences 
on human health.

Unlike the AF, the EIQ is a global index that uses a sub-
jective scoring system for the case of leaching potential 
and surface runoff, which means that it is not possible to 
adequately estimate the pesticide risk of contamination of 
groundwater. Besides, because the EIQ does not take into 
account the properties of the soil or climate, graphic esti-
mates of the area under risk cannot be made for the use 
of a particular pesticide. For this reason, although global 
environmental pollution can be estimated using the EIQ, 
an integrated study taking into account the AF allows a 
more realistic analysis and estimation of the effects on the 
groundwater.

Some studies worldwide have employed these method-
ologies (Riha et al. 1996; Díaz-Díaz et al. 1998; Spadotto 
et al. 2002; Bernard et al. 2005; Kookana et al. 2005; Paz 
and Rubio, 2006). However, studies performed in Argentina 
are less frequent (Natale et al. 2002; Gianelli et al. 2010; 
Bedmar et al. 2015). Since great divergence from the one 
adapted from studies with different soils, environmental con-
ditions use of pesticides or involved productive systems, it 
is very important to obtain data from local conditions. The 
main goal of this study was to determine the potential degree 
of groundwater contamination and the EI of the pesticides 
used in the main crops sown within the Dulce creek basin.

Materials and methods

Study area and soil

The Dulce creek basin is located on southeast of Buenos 
Aires province (Argentina). Having a surface area of approx-
imately 1036 km2, it encompasses the western and southern 
parts of Balcarce department and the southern portion of 
Mar Chiquita department (Fig. 1). The Dulce creek basin 
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starts in El Volcán hill and ends at Mar Chiquita coastal 
lagoon, close to “Parque Mar Chiquito” Biosphere Reserve. 
It is 112 km long and has two main tributaries: Las Negras 
and Los Pozos creeks, which are 47 and 29 km long, respec-
tively (Lima et al. 2011, 2015). The Dulce creek basin pos-
sesses an undulated near-hill sector with a predominance of 
agricultural activity, with irrigation in some areas; however, 
most of the basin comprises a very low sloped plain, which 
has traditionally been used for raising cattle.

Climate in the area is temperate-humid according to 
Köppen classification, or subhumid/humid, mesothermal, 
without water deficiency according to Thornthwaite clas-
sification. Average annual rainfall in the region presents 
a variation between 860 and 925 mm. The average sum-
mer temperature is around 25 °C, and the average winter 
temperature approximates 11 °C (Servicio Meteorológico 
Nacional 2017).

At the near-hill sector of the watershed, consociations 
and complexes of Typic Argiudolls and Petrocalcic Paleu-
dolls predominate, with variable degrees of limitation due 
to slope for both, and due to water storage in the latter. On 
hill slopes, shallow soils such as Hapludolls and Lithic 

Argiudolls can be found, usually on steep slopes (higher 
than 5%). In the transition zone between the Tandilia hill 
system and the Depressed Pampa, soils with drainage 
problems, such as Acuic Argiudolls and Typic Argiacu-
olls, can be found. On the spillover area, typical Natracuol 
and Natracualves along with Tapto-natric Hapludolls are 
found; all of them were considered soils for cattle due 
to the excess of sodium along the profile, together with 
drainage problems and elevated pH values. Within this 
landscape “patches” of Acuic Argiudolls, Argialbolls and 
Tapto-argic Hapludolls develop at places where the ter-
rain is elevated; here it is possible to establish agricultural 
crops (Panigatti 2010; INTA 2015).

Seventeen soil series were determined within the Dulce 
creek basin. For the description of profile of each soil series, 
the physicochemical properties of their soil horizons were 
obtained from the Soil chart of Buenos Aires province at 
scale 1:50,000 (INTA 2015) and from the laboratory of 
Soil Physics at Balcarce Experimental Station of the INTA 
(Table supplementary). Soil series used in this work repre-
sent almost the 80% of the total area and correspond to soils 
in which agriculture and animal husbandry are developed. 

Fig. 1  Location of the Dulce creek basin, Buenos Aires province, Argentina
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The rest of the area is occupied by areas partially or totally 
flooded.

It must be pointed out that the information on soils dates 
from the 1970s, and the region has suffered, since then, a 
high degree of agriculturalization, which has mainly dimin-
ished the amount of organic matter content within the sur-
face horizon of its soils. This is why data of organic matter 
of each soil series was updated using the values obtained 
from the survey on Argentina Pampean Region soils by 
Sainz Rozas et al. (2011).

The hydrological basin selected for this study represents 
a region of great local importance due to: (1) the develop-
ment of extensive crops (sunflower, corn, potato, soybean 
and wheat) and cattle raising (prairie) and (2) the direct or 
indirect influence over a natural reserve, since the Dulce 
Stream Watershed is born on the “El Volcán” hill, in Bal-
carce department, and drains into the “Mar Chiquita” coastal 
lagoon, where a UNESCO’s Man and Biosphere Reserve 
was created in 1996.

Pesticides

The main herbicides, insecticides and fungicides used in 
the productive systems within the studied basin were deter-
mined by inquiring professionals and technicians working 
in private and public activity (Terapéutica Vegetal, Facul-
tad de Ciencias Agrarias, Universidad Nacional de Mar del 
Plata; EEA Balcarce, INTA), and from reports and avail-
able publications (Gianelli et al. 2010). Physicochemical and 
toxicological properties of pesticides were obtained gather-
ing information from diverse databases (AERU 2017; CAS-
AFE 2015; EPA 2017; Oregon State University, Extension 

Toxicology Network, Extension Pesticide Properties Data-
base 2017) (Table 1).

Indices for leaching estimation

The attenuation factor (AF) and retardation factor (RF) indi-
ces were used (Rao et al. 1985). The AF (1) estimates the 
fraction of an applied pesticide that leaches through the soil 
profile, and it is expressed through the following equation:

where d (cm) is the considered soil horizon depth, θFC 
 (m3 m−3) is the volumetric water content of the soil at field 
capacity, q (cm day−1) is the net groundwater recharge, T½ 
(days) is the pesticide half-life within the soil, and RF is the 
retardation factor.

AFT index (2), which represents the logarithmic transfor-
mation of AF, was utilized to simplify result interpretation 
(Bernard et al. 2005).

RF (3) indicates pesticide capacity to leach through soil, 
accounting for sorption and distribution between solid and 
liquid phases, and it is defined by:

where ρd (mg m−3) is the bulk soil density, foc is the decimal 
fraction of organic carbon content (Díaz-Díaz et al. 1998), 
and Koc  (m3 kg−1) is the soil organic carbon adsorption 
coefficient.

Both the AF and the RF were calculated for each hori-
zon of the soil profile of each soil series considering its 

(1)AF = exp [− (0.693 ∗ d ∗ �FC ∗ RF)∕
(

q ∗ T1∕2

)

]

(2)AFT = Ln (AF)∕(− 0.693)

(3)RF = 1 + ((�d ∗ foc ∗ Koc)∕ (�FC))

Table 1  Physicochemical 
properties (half-life T1/2 and 
soil organic carbon adsorption 
coefficient Koc) of the main 
fungicides, herbicides and 
insecticides applied in the Dulce 
creek basin

Fungicides T½ Koc Herbicides T1/2 Koc Insecticides T1/2 Koc

Azoxistrobin 65 1590 2,4 DB 10 20 Abamectine 28 5000
Carbendazim 120 400 2,4-D ester 10 100 Acephate 3 2
Chlorothalonil 30 1380 2,4-D salt 10 20 Cypermethrin 30 100,000
Difenoconazole 49 3494 Acetochlor 13 130 Clorpyrifos 30 6070
Dimethomorph 92 428 Atrazine 60 100 Clothianidin 832 166
Epoxiconazole 335 1502 Dicamba 14 2 Deltamethrin 104 186,067
Fosetyl aluminum 1 20 Diflufenican 158 1996 Dimethoate 7 20
Mancozeb 70 2000 Flurochloridone 40 990 Fipronil 96 838
Metalaxyl 70 50 Glyphosate 47 24,000 Imidacloprid 127 440
Propamocarb 30 359 Imazapyr 90 100 Lambda-cyhalothrin 30 180,000
Propiconazole 110 650 Imazethapyr 90 10 Thiamethoxam 111 245
Tebuconazole 610 1000 MCPA 25 20 Thiodicarb 7 350
Trifloxystrobin 5 2709 Metribuzin 40 60

Metsulfuron 30 35
Picloram 90 16
S-Metolachlor 90 200
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properties and depth. Later, global factors for the soil profile 
were determined by integrating the partial indices from the 
horizons of each soil series (4), based on the method pro-
posed by Spadotto et al. (2002) and Kookana et al. (2005):

where Π is the product of the indices obtained for each hori-
zon, and the suffix i designates every one of them (i.e., A, 
B, C).

Once the indices RF and AFT were calculated, pesticides 
were classified based on their mobility and leaching poten-
tial, using the classification proposed by Khan and Liang 
(1989) (Table 2).

Groundwater net recharge

The net groundwater recharge was estimated from the study 
by Aparicio et al. (2008). These authors used the LEACHM 
version W (Leaching Estimation and Chemistry Model; 
Wagenet and Hutson 1989) recharge model for an 8 year 
series, selecting the obtained average value for the consid-
ered time (1 mm day−1). This single recharge value was used 
for the entire basin.

Risk maps

Once the indices were calculated, maps of RF and AFT dis-
tribution were produced using ESRI ArcMap 9.2, in order to 
visualize areas with the most risk of potential contamination 
of the soil profile within the studied basin. Indices for each 
soil series were obtained and pondered based on the percent-
age of participation into each cartographical unit, the map-
ping unit utilized in risk maps to represent results.

Environmental Impact Quotient (EIQ)

The environmental impact produced by pesticide application 
was evaluated using the method proposed by Kovach et al. 
(1992), whose procedure consists in calculating an equation 
that joins the three main components of agricultural produc-
tion systems: workers, consumers and non-human biota.

The equation that describes the EIQ (5) is broken up in 
the following way:

(4)AFTglobal = � ∗ AFTi

(5)EIQ =
{

C[(DT ∗ 5) + (DT ∗ P)] +
[

(C ∗ ((S + P)∕2 ∗ SY) + (L)
]

+
[

(F ∗ R) + (D ∗ ((S + P∕2 ∗ 3) + (Z ∗ P ∗ 3) + B ∗ P ∗ 3)]
}

∕ 3

where DT = dermal toxicity, C = chronic toxicity, SY = sys-
temicity, L = potential leaching, R = potential runoff loss, 
D = birds toxicity, S = soil half-life, Z = bee toxicity, B = ben-
eficial insects toxicity, and P = plant surface half-life.

The risk for workers is defined as the sum of applicator 
exposure (DT * 5) and harvester exposure (DT * P), mul-
tiplied by the long-term effect over health (chronic tox-
icity, C). Consumer component is achieved by summing 
up the consumer exposition potential (C * ((S + P)/2 * SY) 
plus the potential effect over surface water (L). The eco-
logical component is obtained summing up the effects of 
chemicals in fishes (F * R), birds (D * (S + P)/2) * 3), bees 
(Z * P * 3), and beneficial arthropods (B * P * 5).

Once the EIQ was established for each pesticide, a field 
environmental impact quotient (EIQf). (6) was obtained 
as follows:

where EIQ = environmental impact quotient; a.i. = active 
ingredient within formulated product; dose = amount of 
commercial product applied in the field kg  ha−1; frequency 
of use = number of applications.

Results and discussion

Retardation factor (RF)

Among all pesticides, only Dicamba (herbicide used 
in wheat) and Acephate (insecticide used in winter and 
summer crops) were classified as very mobile, occupy-
ing only 0.05 and 0.4%, respectively, of surface of the 
basin, and as mobile in 82 and 86%, respectively (Figs. 3, 
4). Imazethapyr (herbicide for soybean and tolerant corn) 
classified as moderately mobile in 43% of the area and 
moderately immobile in 28%; meanwhile, Dimethoate 
(insecticide used in winter cereals and soybean) was mod-
erately immobile in 46% of the area. The rest of the pesti-
cides classified as immobile and very immobile categories 
(Figs. 3, 4, 5).

(6)EIQf = EIQ ∗ a.i. ∗ dose ∗ frequency of use

Table 2  Classification of 
pesticide mobility and potential 
leaching based on RF, AF and 
AFT indexes

RF Classification AF AFT Classification

1 Very mobile ≥ 2.5 × 10−1 and ≤ 1 ≤ 2 Very likely
> 1 and < 2 Mobile ≥ 1 × 10−1 and < 2.5 × 10−1 ≥ 2 and < 3 Likely
≥ 2 and < 3 Moderately mobile ≥ 1 × 10−2 and < 1 × 10−1 ≥ 3.3 and < 7.2 Moderately likely
≥ 3 and < 10 Moderately immobile ≥ 1 × 10−4 and < 1 × 10−2 ≥ 7.2 and < 13.3 Unlikely
≥ 10 Very immobile < 1 × 10−4 > 13.3 Very unlikely
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Attenuation factor (AF)

The AFT values showed that the greatest risk for potential 
contamination of groundwater corresponds to the herbi-
cides Imazethapyr and Picloram, and to the insecticide 
Clothianidin. Herbicide-associated risk ranged between 
very improbable and probable. Imazethapyr was classified 
as probable in 2% of the area and moderately probable in 

71% (Fig. 3), while Picloram was probable in 1.6% and 
moderately probable in 70% of the surface (Fig. 2). Clo-
thianidin presented a probable risk of contamination in 
37% of the area, very probable in 36% and moderately 
probable in 13.7% (Fig. 4).

All fungicides classified as very immobile to mod-
erately immobile, and their associated risk of potential 
groundwater contamination resulted improbable or very 

Fig. 2  Distribution of herbicides Imazapyr, Metribuzin, and Picloram leaching risk (AFT index) and mobility (RF index), within the Dulce creek 
basin
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improbable (Fig.  5). For those pesticides that showed 
some degree of risk or mobility, it can be noticed that the 
risky areas (Figs. 2, 3, 4, 5) were located from the middle 
to the lower zone of the basin. Such a situation occurred 
with herbicides Imazapyr, Metribuzin, 2,4-D salt, 2,4-DB, 
MCPA, Imazethapyr, and Picloram, when RF and/or AFT 
were taken into account (Figs. 2, 3). As for insecticides, 
only Dimethoate (RF) and Clothianidin (AFT) showed 

this trend (Fig. 4), while for fungicides, such a situation 
was observed for Tebuconazole and Metalaxyl (AFT), with 
Fosetyl aluminum (RF; Fig. 5). Trend observed could be 
explained by differences in organic carbon content and 
depth of the soil profile between upper, middle and lower 
zone of the basin. In this sense, soil profile of series 
located in upper zone has in average 1.28% of organic 
carbon content against 0.62% of middle and lower zone, 

Fig. 3  Distribution of herbicides Dicamba, 2,4-D, 2,4-DB, MCPA and Imazethapyr leaching risk (AFT) and mobility (RF index) within the 
Dulce creek basin
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while depth of soil profile is in average 1.54 m and 1.33 m, 
respectively. For this reason, the combination of low Koc 
of some pesticides with low organic carbon content and 
depth of soil profile increased the mobility and/or risk of 
potential groundwater contamination.  

With the exception of those pesticides with different 
behavior among zones, most of pesticides have basically 
a homogeneous capacity for leach within the basin mainly 

related to their high retention (Koc) in soil and/or persistence 
(T1/2) rather than the soil properties.

Regarding leaching risk (AFT index) of each different 
pesticide, they were ranked in decreasing order as follows: 
Clothianidin > Imazethapyr > Picloram > Metalaxyl > Met-
ribuzin > Imazapyr > Tebuconazole > Atrazine > Metsul-
furon > Thiametoxam > S-Metolachlor > Dicamba > Car-
bendazim. According to results, there was a marked 

Fig. 4  Distribution of insecticides Acephate, Dimethoate and Clothianidin leaching risk (AFT index) and mobility (RF index), within the Dulce 
creek basin
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difference of risk based on AFT index between Clothi-
anidin, Imazethapyr, and Picloram and the remaining 
pesticides.

Although Clothianidin (insecticide) was the pesticide 
with the most risk of leaching, the results indicate that, in 
general, herbicides would pose the greatest risk of potential 
groundwater contamination, followed by insecticides and, 
finally, fungicides (Funari et al. 1995).

Variability of potential risk of leaching was associated 
with differences among physicochemical properties of pes-
ticides and soil series. Leaching risks of many of evaluated 
pesticides are very low due to their strong adsorption and 
retention within the soil (Mamy and Barriuso 2005). At 
the same time, their persistence within the soil has a high 
influence in leaching potential. Clothianidin, for instance, 
even though it is very immobile, showed a probable to very 

Fig. 5  Distribution of fungicides Tebuconazole, Metalaxyl and Fosetyl aluminum leaching risk (AFT index) and mobility (RF index), within the 
Dulce creek basin
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probable risk of contamination in much of the studied area, 
due to its high soil persistence. In contrast, Acephate and 
Dicamba are mobile and their risk of contamination is very 
low due to their short half-life. Such results agree tenden-
cies of other pesticides reported by several authors (Spadotto 
et al. 2002; Bernard et al. 2005; Paz and Rubio 2006).

In addition to RF and AF, the GUS (groundwater ubiq-
uity score) is an index used for estimating the leaching 
potential of pesticides. GUS takes into account only the 
partition coefficient in organic carbon (Koc) and the half-
life (T1/2) of pesticide and is used in a large number of 
studies for its simplicity (Gustafson 1989). When mak-
ing a comparison between both methodologies, no rela-
tionship was found between the GUS index and RF, since 
the latter does not consider the half-life of the pesticide 
in its formula. Comparing the degree of association of 
AFT values obtained for each pesticide in this work with 
those of the GUS, a negative correlation was determined 
(r = − 0.69, p < 0.01). Analyzing each group of pesti-
cides separately, herbicides had the highest correlation 
between both indexes, followed by fungicides and insecti-
cides (r = − 0.82, p < 0.01, r = − 0.78, p < 0.01, r = − 0.72, 
p < 0.05, respectively). Although the analysis showed that 
both indices were related, the differences observed are 
mainly due to the fact that AFT considers properties of soil 
type and location, which are not taken into account by the 
GUS, to determine the risk of leaching. This characteristic 
gives a comparative advantage to the AFT index, since 
coupled to a GIS system it allows the creation of risk maps 
that allow visualizing the areas of greatest risk of potential 
contamination in the basins under study.

Environmental impact quotient (EIQ)

Results are referred to herbicides (Table 3), insecticides 
(Table 4) and fungicides (Table 5) applied on sunflower, 
corn, potato, prairie, soybean and wheat crops, which rep-
resent most of the agricultural/livestock area in the studied 
basin. In case of sunflower, Acetochlor was the herbicide 
with higher EIQf (27 units), followed by S-Metolachlor with 
an index of 24 units. The most dangerous insecticide was 
Acephate, with an EIQf of 39, Chlorpyrifos followed with 
an EIQf of 18 units.  

Among the pesticides used in corn crops, herbicides are, 
in general, the ones with the highest EIQf. Atrazine and 
Acetochlor are the most dangerous among them, with EIQf 
values of 33 and 27, respectively. Following the order of 
riskiness, are Glyphosate (EIQf = 13–39) and S-Metolachlor 
(EIQf = 24). All insecticides considered for this crop had 
an impact of less than a unit, while Azoxystrobin, the only 
considered fungicide for corn, showed an EIQf of 4 units.

For potatoes, the herbicides with the highest EIQf were 
S-Metolachlor and Fluorochloridone with 18 and 16 units, 
respectively. The insecticide with higher EIQf was Thia-
methoxam (EIQf = 27). Fungicides taken into account for 
potato reached values as high as 622 and 378 for Mancozeb 
and Chlorotalonil, respectively. Propamocarb (246), Fosetyl 
aluminum (106) and Dimetomorph (104) also achieved high 
values.

The herbicide with the highest EIQf for prairies was 2,4-
D salt (11), followed by MCPA (EIQf = 10) and 2,4-D ester 
(EIQf = 9). On the other hand, Dimethoate (EIQf = 7) and 
Acephate (EIQf = 6) were the most impactful insecticides.

Taking into account soybean, the herbicides with the most 
field impact were Glyphosate, ranging from 13 to 39 units 

Table 3  Field environmental 
impact quotient (EIQf) of 
herbicides applied on crops in 
the Dulce creek basin

Sunflower Corn Potato Prairie Soybean Wheat

2,4 DB – – – 5.6 0.2 –
2,4-D ester – 5.0 – 8.9 – 5.5
2,4-D salt – 5.5 – 11.0 – 6.1
Acetochlor 27.0 27.0 – – 16.0 –
Atrazine – 33.3 – – – –
Dicamba – 0.7 – 0.7 – 0.6
Diflufenican 5.7 – – – – –
Flurochloridone 16.0 – 16.0 – – 2.1
Glyphosate – 13–39 – – 13–39 –
Imazapyr 1.5 – – – – –
Imazethapyr – 1.1 – – 2.0 –
MCPA – 5.9 – 9.8 – 7.8
Metribuzin – – 6.5 – 7.0 –
Metsulfuron – – – – – 0.05
Picloram – 0.4 – – – 0.4
S-Metolachlor 23.8 23.8 17.9 – 24.0 –
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depending on the number of applications and S-Metolachlor 
with 24 units. As for the insecticides, Acephate was the most 
impactful, with an EIQf of 32, followed by Chlorpyrifos 
with 21. Among fungicides, the most dangerous was Chlo-
rothalonil with an EIQf of 35, followed by Carbenzadim 
(EIQf = 10).

Finally, chlorophenoxide herbicides like 2,4-D ester and 
salt and MCPA achieved an EIQf ranging from 5.5 to 7.8 
overcoming the other herbicides used for wheat crops in 
relation to dangerousness. As for insecticides, the most 
impactful was Dimethoate with an EIQf of 5, while the fun-
gicide with the highest EIQf was Chlorothalonil, reaching 
32 units, followed by Trifloxystrobin with 14 units.

The environmental impact due to pesticides, evaluated 
through EIQ, was very variable with relatively low absolute 
values for the considered pesticides. Nevertheless, some pes-
ticides such as Mancozeb (fungicide used in potato crops) 
reached 621 units, due to the high number of applications 
(Table 5). In consequence, effort should be made in order 
to promote the use of more rational products, doses and 

applications (Guigón-López and Gonzalez-Gonzalez 2007). 
Adequate planning should consider the use of formulations 
with low percentage of active ingredient, adequate doses and 
rationally programmed applications, in order to reduce their 
number. In this sense, sampling plots for early pest detection 
becomes a key aspect (Metcalf 1994; Pedigo 1991).

According to field EIQ averages of each pesticide group 
(Table 6), the toxicity, dose and frequency of the fungicides 
used in potato produced a very high environmental impact. 
This puts in evidence a common perceptive error among 
farmers that these products, mainly Mancozeb and the 
copper-derived products, are innocuous and can be applied 
indiscriminately (Andrade et al. 2011). It also becomes 
necessary to establish the need to combine other methods 
along with chemical control, such as biological, crop-related 
and genetically modified crops resistant to pests, with the 
aim to avoid or reduce their use, and only apply them when 
their need is objectively justified (Goldberg 1998; Brewer 
and Goodell 2012; Larramendi and Soloneski 2012; Bid-
dinger et al. 2014). It must be taken into account that “late 

Table 4  Field environmental 
impact quotient (EIQf) of 
insecticides applied on crops in 
the Dulce creek basin

Insecticide Sunflower Corn Potato Prairie Soybean Wheat

Abamectine – – 0.9 – – –
Acephate 39.1 – – 6.0 32.3 –
Cypermethrin 0.5 0.4 – – 0.5 0.4
Chlorpyrifos 18.0 – – – 21.1 –
Clothianidin 0.01 0.03 – – – –
Deltamethrin 2.4 0.2 0.9 0.5 0.2 0.2
Dimethoate – – 2.4 7.3 10.2 4.9
Fipronil 0.4 0.4 – 0.5 0.4 –
Imidacloprid – – 4.6 – – –
Lambda-cyhalothrin 0.2 0.3 1.1 – 0.2 0.3
Thiamethoxam – – 27.4 – – –
Thiodicarb 2.2 – – – 1.4 –

Table 5  Field environmental 
impact quotient (EIQf) of 
fungicides applied on crops in 
the Dulce creek basin

Fungicide Sunflower Corn Potato Prairie Soybean Wheat

Azoxystrobin – 4.3 25.5 – 1.7 2.6
Carbendazim – – – – 10.3 –
Chlorothalonil – – 378.0 – 35.3 31.9
Difenoconazole – – 35.8 – 1.1 0.2
Dimethomorph – – 104.0 – – –
Epoxiconazole – – – – – 5.3
Fosetyl aluminum – – 106.4 – – –
Mancozeb – – 621.6 – – –
Propamocarb – – 245.5 – – –
Propiconazole – – – – 4.8 4.0
Tebuconazole – – 62.5 – – –
Trifloxystrobin – – 25.8 – 6.2 14.5
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blight” caused by Phytophtora infestans in potato is one of 
the diseases that requires the highest quantity of fungicides 
for its control. In order to reduce the environmental impact 
associated with the systematic applications of fungicides, 
models based on meteorological variables (precipitation, 
relative humidity and temperature) have been developed in 
this crop, also taking into account the crop variety facts. This 
allows anticipating the progress of the disease, using the 
fungicides in a rational and objective way, avoiding unnec-
essary applications which reduce the environmental impact 
(Clemente et al. 2016).

Fungicide management increased risks exceeding the 
impact due to insecticides, with EIQf ranging from 26 
(Azoxystrobin and Trifloxystrobin) to 622 (Mancozeb). This 
situation evidenced that risk is mostly related to the manage-
ment of a given selected product. For sunflower, Acethochlor 
(herbicide) and Acephate (insecticide) have EIQf values of 
much above the other pesticides considered, thus choos-
ing or not these products will determine the environmental 
impact of pesticide use in the crop. Aside from the crop, tak-
ing EIQ into account, the riskiest group was the insecticides 
(40.0), followed by fungicides (33.2) and last by herbicides 
(16.2). Comparing EIQf values, the order of riskiness was: 
fungicides (113.1), insecticides (15.0) and herbicides (9.2). 
Bues et al. (2003) reported similar results, mentioning that 
fungicides were the main responsible of the environmental 
impact of pesticides in tomato crops of different Mediterra-
nean countries. Also Guigón-López and González-Gonzalez 
(2007) found that the EI due to fungicides in chili crops is 
greater than the insecticide-derived impact. Such a differ-
ence is due, in great measure, to the great incidence of the 
number of applications in field EIQ measurements, and to 
a lesser extent to the concentration of active ingredient and 
the used dose.

Regarding the EIQ components, it was determined that 
with some exceptions, all studied pesticides have the biggest 
risk on the ecologic component followed by the worker and 
finally the consumer. Risk for component ecologic and farm 
worker followed the order insecticides > fungicides > her-
bicides. Considering the consumer risk, EIQ followed the 

order fungicides > insecticides > herbicides. In terms of ecol-
ogy, the pesticides with the highest risk for the environment 
were Fipronil (insecticide), Carbendazim (fungicide) and 
Diflufenican (herbicide).

Dushoff et al. (1994) noted certain faults in the EIQ such 
as adjustment problems, pondering effects, and not taking 
inert ingredients into consideration. On the other hand, the 
use of total EIQf values does not always prove useful to 
evaluate control strategies for a specific pest, including the 
Integrated Pest Management (IPM), since some important 
uses and temporal characteristics are not considered. For 
instance, take into account the waiting period before har-
vest can be much more important to reduce consumer risk 
than selecting a low EIQ pesticide. Thus, it could be risky 
and sometimes misleading to base results of evaluation pro-
grams in EIQ results entirely. The EIQ cannot substitute the 
IPM guidelines and a correct agroecosystem analysis, mak-
ing it necessary to provide a context with additional infor-
mation when presenting EIQ results (Dushoff et al. 1994; 
Walter-Echols and van der Wulp 2008; Gallivan et al. 2001). 
Finally, since adjuvants, solvents and other inert ingredients 
are important components of pesticide formulations, their 
effect over the environment should also be included (Krogh 
et al. 2002; Surgan et al. 2010). Even though they are consid-
ered less toxic for human beings, the effect of these “inert” 
ingredients within the environment can be significant.

Conclusion

The methodology employed in this study based on the atten-
uation factor (AF) and retardation factor (RF) coupled with 
a GIS allowed identifying the areas within the basin that 
have high risk of groundwater contamination related to the 
use of pesticides. Also, it allowed establishing a hierarchical 
order of dangerousness among the currently used pesticides 
within the studied zone.

According to the results, all of the studied fungicides 
were classified as very immobile to moderately immobile, 
posing low risk for potential groundwater contamination. 

Table 6  Ranges and average of EIQ and field EIQ (EIQf) of pesticide group on crops in the Dulce Stream Watershed

a Values within each column correspond to averages; minimum and maximum values in parentheses

Crop Herbicides Insecticides Fungicides

EIQa EIQf EIQ EIQf EIQ EIQf

Potato 17.8 (11.3–21.3) 13.4 (6.5–17.9) 34.6 (22–48.7) 6.22 (0.9–27.4) 32.4 (13.3–50) 187.34 (25.5–621.6)
Wheat 14.6 (8.7–21.3) 3.9 (0.05–7.8) 27.1 (19.3–39. 3) 1.4 (0.2–4.9) 34.8 (23.3–50) 11.6 (0.2–31.9)
Sunflower 22.1 (12.0–38) 14.8 (1.5 –27) 42.2 (19.3–112.7) 6.98 (0.01–39.1) – –
Corn 15 (8.7–20.7) 12.8 (0.4 –39) 49.8 (19.3 –112.7) 0.3 (0.03–0.4) 34 4.3
Soybean 13.7 (7.3–20.7) 9.6 (0.2–39) 41.2 (19.3–112.7) 8.9 (0.2–32.3) 35.1(23.3–51.3) 9.8 (1.1–35.3)
Prairie 12.4 (7.3–18) 7.1 (0.73 –11) 54.8 (22–112.7) 3.5 (0.45–7.3) – –
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The estimated risk of lixiviation followed the pattern: 
herbicide > insecticide > fungicide. Based on AF Clo-
thianidin, Imazetapyr and Picloram present the greatest 
risk of potential groundwater contamination. While tak-
ing account the RF index, Dicamba and Acephate were 
classified as mobile within the whole of the studied zone. 
It was determined that, for those pesticides that show a 
certain degree of risk or mobility, the problem areas are 
located from the middle to the lower zone of the basin. 
Such information ends up being very useful since it can 
be taken as a primary assessment tool for decision-making 
in the context of productive systems management, aiming 
to (1) minimize the groundwater contamination risk and 
environmental impact, (2) to promote a safer use of pesti-
cides and (3) to maintain sustainability within the current 
production systems. Also, the results obtained can be used 
to help in groundwater monitoring studies for determining 
which areas have high potentiality of presence of pesti-
cides, allowing in this way the validation of the results as 
well as to use more efficiently funds and efforts. However, 
due to significant uncertainties involved in predicting the 
contamination, assessment of groundwater vulnerability 
to pesticide contamination assessment is an interactive 
process that should be continually modified and improved 
using new information (Shukla et al. 1998).

Most of pesticides showed a low impact when measured 
with the EIQ. But the dangerousness associated with some 
of them is due to the high number of applications made. In 
this way, fungicides applied in potato increase their envi-
ronmental impact due to the high number of applications 
needed to control some diseases. Based on EIQ, insecti-
cides were the group of pesticides most risky, followed by 
herbicides and lastly, fungicides. Taking into account the 
field EIQ, the order of decreasing environmental impact 
was: fungicides > insecticides > herbicides. The observed 
differences between EIQ and field EIQ values allowed to 
corroborate that the environmental impact of pesticides is 
not only associated with product characteristics, but also 
to their agronomic management. Pesticide impact on EIQ 
components showed the biggest risk on the ecologic com-
ponent followed by the worker and finally the consumer.

Results obtained in this work constitute a primary 
input for the implementation of sustainable management 
measures of natural resources. They will also help in the 
planning of more rational ways of using pesticides in pro-
duction systems. Likewise, they also constitute an input 
for people and government agencies in order to develop 
policies for the adequate use of land and its resources.
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