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Abstract

The grey water footprint (GWF) is defined as the volume of freshwater that is required to dilute pollutants to make them harmless.
The objective of this study was to evaluate the grey water footprint and its sustainability for onion cultivation in the Brazilian semi-
arid regions. The work was developed in the Brazilian semi-arid region in an area corresponding to 10 thousand hectares of onion
cultivation under surface irrigation. A survey of the main pollutants was carried out, in addition to the environmental conditions of
soil and climate, soon after using mathematical models to estimate the grey water footprint and sustainability. The agrochemicals
Ronstar 250 BR, Dicarzol 500 PS and Sportak 450 CE are classified as having the highest grey water footprint for onion cultivation
in the Brazilian semi-arid region; thus requiring a higher volume of freshwater for pollutants dilution to convert them to harmless. It
is recommended to replace these agrochemicals with others of smaller GWF. According to the obtained results, it can be concluded
that the grey water footprint is an efficient indicator in monitoring the impact of man on the environment. The semi-arid regions of
Brazil classified as sustainable for the cultivation of irrigated onions.

Keywords: Allium cepa, agrochemicals, Sustainability analysis.

Abbreviations: A _ fraction of leaching or flow (dimensionless); A_ Fraction of leaching; A_ Fraction of leaching-flow; Apl _ the
variable that represents the amount of chemical substances applied to the soil in a given process (mass / time); B_ referring to the
content of organic matter (Good); B_ referring to the high precipitation intensity of the region (low); Cmax _ Maximum acceptable
concentration (mass / volume);Cmax _Maximum allowable concentration value; Cmax_ Maximum permissible concentration of the
pollutant in the receiving aquatic environment (kg m); Cnat _Natural concentration of the pollutant in the receiving aquatic
environment (kg m™3);Cnat _Natural concentration of the receiving body (mass / volume);CP _Concentration of the product;
NA_Number of applications; F _ referring to soil texture (franc); IP _ Precipitation intensity;Koc_ coefficient of partition of organic
carbon of the soil-water complex; K,._Coefficient of partition of organic carbon of the soil-water complex;L _ pollutant load (mass /
time);L _pollutant load of the substance; WPL_ Water Pollution Level; P _ Precipitation; P_Productivity of the crop (t ha™);PE_
Persistence relevant to disposal (50% of the duration);GWF _Annual water footprint of the substance due to farm of 1 hectare; PL_
Persistence relevant to leaching (50% of the duration time); PM -Management practices relevant to the outflow the runoff; Freal _
the actual flow of a basin;R_ referring to the cultural practices relevant to the outflow (Bad); Si _leaching potential-flow; TAPC_
Commercial product application rate; TAS _ rate of application of the substance; TQ_rate of application of chemical substances per
hectare (kg ha™); TSE_ Soil texture relevant to leaching to runoff;T tapl_ Total rate of application of the substance; Wi _factor
weight; amax _maximum leaching fraction;amin _ fraction of leaching / minimum flow;ZXGWF_total sum of grey water footprints.

Introduction

The water footprint is a multidimensional indicator of water into consideration the natural concentrations and in the
use. This encompasses, not only the direct use by a particular environmental standards in place (Hoekstra and Chapagain,
consumer or producer, but also as a measure of indirect use. 2007).

It can be considered as a comprehensive index when it comes Hoekstra (2009) and Silva et al. (2015) reported that
to the appropriation of water resources (Zhao et al., 2009; pollution of the waters can be expressed in terms of the
Silva et al., 2013). volume of water needed to dilute pollutants so that they

According to Hoekstra et al. (2011) the grey water footprint become ineffective.

(GWF) refers to the pollution of the water, which is Several studies have been carried out to understand effect
considered as an indicator of the degree of pollution of of water footprint and excessive use of agrochemicals on
freshwater in a process that can be engaged in the step of the various parts of plant species and all phases of the production
production process of any product or service. In this context, process of crops (Salmoral et al., 2011; Mekonnen and
the grey water footprint is characterized as the volume of Hoekstra, 2015; Rivas lbafiez et al., 2017; Nyambo and

freshwater required to dilute the load of pollutants, taking
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Wakindiki, 2015; Roux et al., 2016; Dourte and Fraisse,
2012).

Among vegetable crops in Brazil, onion has contributed
significantly to the pollution of water resources, since the
crop is attacked by various pests and diseases that imply
lower productivity per area cultivated. Due to numerous and
constant use of agrochemicals, these in turn, can be highly
pollutant to the environment, particularly to water resources.
In this way, the study of the grey footprint for onion culture is
essential for reduction of the pollution during the production
process, (Faria et al., 2012; Rivas Ibafiez et al., 2017; Dourte
and Fraisse, 2012; Hoekstra et al., 2011a). According to Van
Oel and Hoekstra (2012), the analysis of the sustainability of
a water footprint entirely depends on the local factors such as
the characteristics of water in the region, the amount of
chemical applied during the production process, climatic
conditions, management adopted in the application of
agrochemicals, the number of courses of water and water
quality existing.

Hoekstra (2009) stated that a large water footprint can be
considered sustainable in areas rich in water, while a small
water footprint can compromise the sustainability in areas
with scarcity of water resources, a fact observed in the semi-
arid region of Brazil with problems of water scarcity. The use
of freshwater is totally related to the problems of scarcity and
pollution, a fact that occurs mainly by the use of
agrochemicals in agriculture and the pollutants released in the
air and in the water by industries (Hoekstra and Chapagain,
2007).

The control of pollution caused by the indiscriminate use of
agrochemicals is of great relevance for the preservation of the
water resources in the semi-arid region of Brazil to ensure
sustainability for the agriculture and water resources. Due to
substantial importance of preservation of water resources and
economical value of vegetable crops, especially onion, the
objective of the present work is to evaluate the grey water
footprint and its sustainability for the cultivation of the onion
in the Brazil semi-arid region.

Results and Discussion

The main agrochemicals used in onion cultivation and their
pollution potential

The main agrochemicals being used in onion cultivation as
well as the rates of applications in the region of the semi-arid
of Brazil are presented in Table 1. Note that among the main
agrochemicals in onion culture, the fungicide Dithane PM is
the one that has the highest rate of application. This means
that this product has the largest amount of chemical applied
during the year. Pinheiro et al. (2011) report that a chemical
to be considered suitable for crops should be lethal to the
target pests, diseases and weeds but not non-target species
including man, water and resources of soil. However, this is
not the case, as the controversy of use and abuse of
agrochemicals has emerged. The inappropriate use of
chemicals has generated great problems to human, crops,
water, soil and the environment (Aktar et al., 2009).

The inappropriate use of agrochemicals compounds has
caused concerns about contamination of the environment
especially due to excessive and prolonged application of
these compounds. Therefore, farmers and agricultural
industries should take precautions for the application and
waste management of chemicals from the various sources and
the provision of proper end of these wastes, without
compromising the environment (Tavella et al., 2011).
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Rivas Ibafez et al. (2017) highlight that it is of great need
to develop standards for applying agrochemicals to the
cultivated species, so that the number of applications
associated with the concentration of the commercial product
and application rate of the substance will not cause impact to
the environment, and consecuently water and human health
(Bernabeu et al., 2011; Gibson and Koifman, 2008; Molozzi
etal., 2006).

Leaching and potential flow of the chemicals

The factors that influence the potential flow of leaching of
the agrochemical are presented in Table 2. It is apparent that
the chemical properties of the soil, climate, and plant
influences on the factor that determines the potential for
leaching and runoff of the substance in agrochemicals. The
soil texture in semi-arid region of Brazilian has been
classified as high leaching for the application of
agrochemicals in onion cultivation. This soil has also been
classified as low organic content. Although the intensity of
precipitation in these soils are low, but they might be
regarded as high flow potential due to their high leaching
value (Table 2).

These values (leaching and flow potential) vary from 0 to
1, whereas zero when the region has low potential for
leaching and 1 being considered to be of very high potential.
With regard to the chemical properties of the agrochemicals,
such as partition coefficient of organic carbon in the complex
of soil-water, persistence is relevant to leaching and runoff
with 50% of the length of time. It is possible to observe that
these also are classified as the factor that relates to the
potential for leaching and runoff (Table 2).

The values and weights of agrochemicals related to the
chemical properties, environmental factors and cultural
practices influence the flow of leaching and runoff. Taking
into consideration the soil texture, the organic matter content
looks good, the intensity of precipitation is low and cultural
practices relating to poor runoff (Table 2).

Damalas et al. (2011), reported that the amount of
agrochemicals that migrates from its area of application is
directly affected by the specific chemical properties and are
linked to their propensity to binding to colloids of soil, vapor
pressure, water solubility, leaching potential, dilution in the
water precipitated and its resistance to degradation over time.
Pinheiro et al. (2011) reported that the environmental factors
are more dynamic in agrochemicals currently being used in
the cultivation of onion. There is spatial and temporal
heterogeneity, which influence the spatial distribution, either
in the vertical direction or in the horizontal direction of the
soil and time, occurring dissipation of the product, or by
degradation, evaporation or absorption of bodies.

The  transport  processes among  environmental
compartments, leaching and surface runoff are the ones that
deserve to be highlighted. In this way, the runoff favors the
contamination of surface waters through the transport of
chemicals adsorbed to the particles of eroded soil or
dissolved in water (Spadotto et al., 2004). The leaching of
agrochemicals through the soil profile tends to result in the
contamination of groundwater, and in this case, the chemicals
are carried in solution along with the water that feeds the
aquifer (Damalas et al., 2011).

To occur the dispersion of this load of pollutants in the
onion culture, it is necessary that the amount of water present
in the basin is sufficient to mitigate the effects of the
agrochemicals to reduce the impacts of this on the
environment and consequently to human life.



Table 1. Application rate of the main agrochemicals used in onion culture in the semi-arid of Brasil.

Cultivation (1)  Agrochemicals (2) Class (3) TAPC* (L ha™) CP*(gL?Y) NA* TAS* (tha?)
(4) (5) (6) 7=(4x5x6)

Onion Ronstar 250 BR Herbicide 3.5 250.0 10 8.75x10™
Targa 50 CE Herbicide 15 50.0 1.0 7.5x10°
Totril Herbicide 10 335.0 10 3.35x10™
Dicarzol 500 SP Insecticide 1.0 kg ha* 582 g kg 6.0 3.49x10°®
Karate 50 CE Insecticide 0.2 50.0 6.0 6.0x10°
Sportak 450 CE Fungicide 15 450.0 4.0 2.7x107
Dithane PM Fungicide 2.0kgha' 800 g kg'* 4.0 6.4x107
Benlate 500 Fungicide 2.0 kg ha 500 g Kg* 4.0 4.0x10°

*TAPC - Commercial product application rate; CP - Concentration of the product; NA - Number of applications; e TAS - rate of application of the substance.
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Fig 1. Location of the study area within the S&o Francisco river basin in the semi-arid region of Brazil.

Table 2. Factors influencing the leaching potential of agrochemicals. The state of the factor determining leaching and flow potential

is expressed as a value between 0 and 1.

Agrochemicals

Category Potential Very low Low High Very
leaching and high
Factor flow
Valor (S) — 0.00 0.33 0.67 1.00
Weight (w) |
Chemical property Koe (L.kgh) 20 >1000 1000-200 200-50 <50
PL (Drs dias) 15 <10 10-30 30-100 >100
PE (D15 dias) 10 <10 10-30 30-100 >100
Environmental TSL 15 Clay Silt Franc Sand
factors Soil TSE 10 Sand Franc Silt Clay
Content MO*(dag. 10 Great Good Low
Kg™) >7.00 4.01-7.00 Average <2.00
2.01-4.00
Climate IP (mm) 5 Low Moderate High Very
high
P (mm) 5 <600 600-1200 1200-1800 >1800
Cultural Practices PM 10 Great Good Bad Poor

K= Coefficient of partition of organic carbon of the soil-water complex; PL = Persistence relevant to leaching (50% of the duration); PE = Persistence relevant to the flow
(50% of the duration); TSL= Soil texture relevant to leaching; TSE = Soil texture relevant to runoff; IP = Precipitation intensity; P = Precipitation and PM =Management

practices relevant to the outflow.
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Table 3. Values and weights by agrochemicals of factors related to chemical properties, environmental factors and cultural practices,
which influence leaching and flow in the study area.

Koo : . TSL TSE MO P P PM
Agrochemicals (L kg™h) PLl(scilas) PEl((()jiaS) (dag Kg%) (mm)
20* 15% 10% 10* 5* 5* 10
~onetar 250 BR >1000.0 502.0 179 F F B B 542.0 R
(0.00) (1.00) (0.33) 067)  (0.33) (0.33) 000)  (0.00)  (0.67)
Taraa 50 CE 540.0 45.0 39.0 F F B B 542.0 R
9 (0.33) (0.67) (0.67) 067)  (0.33) (0.33) 000)  (0.00)  (0.67)
Totril 310.0 10.0 0.67 F F B B 542.0 R
(0.33) (0.33) (0.00) 067)  (0.33) (0.33) (000)  (0.00)  (0.67)
Dicarsol 500 PS <50.0 9.4 0.3 F F B B 542.0 R
(1.00) (0.00) (0.00) 067)  (0.33) (0.33) (000)  (0.00)  (0.67)
Karate 50 CE >1000.0 175.0 0.24 F F B B 542.0 R
(0.00) (1.00) (0.00) 067)  (0.33) (0.33) 000)  (0.00)  (0.67)
Soortak 450 CE 500.0 120.0 1.0 F F B B 542.0 R
P (0.33) (1.00) (0.00) 067)  (0.33) (0.33) 000)  (0.00)  (0.67)
Dithane PM 998.0 0.1 0.2 F F B B 542.0 R
(0.33) (0.00) (0.00) 067)  (0.33) (0.33) (000)  (0.00)  (0.67)
>1000.0 67.0 <1 F F B B 542.0 R
Benlate 500 (0.00) (0.67) (0.00) (0.67) (0.33) (0.33) 0.00)  (0.00)  (0.67)

F - referring to soil texture (franc); B - referring to the content of organic matter (Good); B - referring to the high precipitation intensity of the region (low); R - referring to
the cultural practices relevant to the outflow (Bad). Koc - coefficient of partition of organic carbon of the soil-water complex; PL - Persistence relevant to leaching (50% of
the duration time); PE - Persistence relevant to disposal (50% of the duration); TSL - soil texture relevant to leaching; TSE - soil texture relevant to runoff; IP -
Precipitation intensity; P - Precipitation; And PM - Management practices relevant to the runoff.

Table 4. Grey water footprint (GWF) due to the agricultural exploitation of agrochemicals used in one hectare of onion culture in the
semi-arid region of the Brazil.

Agrochemicals o

Ttapl (t) L (1)

Cmax (t m?)

GWF* (m°)

. . 3 4+1

Cultivation (1) @) 3) 4 (5=3x4) (6) (7=5/6) GWF (m°t™)
Ronstar 250 BR  0.042 8.7x10™ 3.7x10° 1.0x10°%° 3.7x10° 18375.0
Targa 50 CE 0.047 7.5x10°° 3.5x10°® 6.0x10%0 5.9x10° 293.8
Totril 0.035 3.3x10™ 1.2x10° 1.0x10%° 1.2x10° 5862.5

Onion Dicarsol 500 PS  0.043 3.5x10° 1.5x10™ 1.0x107%° 1.5x10° 75078.0
Karate 50 CE 0.038 6.0x10° 2.3x10°® 1.0x10°%° 2.3x10* 1140.0
Sportak 450 CE ~ 0.045 2.7x10°® 1.2x10* 1.0x10™° 1.2x10° 60750.0
Dithane PM 0.030 6.4x107 1.9x10* 2.2x101° 8.8x10° 43835.6
Benlate 500 0.033 4.0x10° 1.3x10* 1.0x10°® 1.3x10* 660.0

(A) - Fraction of leaching-flow; Ttapl - Total rate of application of the substance; L - pollutant load of the substance; Cmax - Maximum allowable concentration value; *
GWEF- Annual water footprint of the substance due to farm of 1 hectare.

Table 5. Classes and potential environmental hazard of agrochemicals.

Class

v

Danger

Highly dangerous

Very dangerous

Dangerous

Not too dangerous

Table 6. The main agrochemicals used in the cultivation of onion in the Brazilian semiarid region.

Cultivation Agrochemicals Class Toxicological classification Environmental hazard
classification
Ronstar 250 BR Herbicide 1l Il
(Oxadiazon) Highly toxic Dangerous
Targa 50 CE Herbicide | 1
(Quizalofope-P-Metilico) Extremely toxic Very dangerous
Totril Herbicide ! I
(Octanoato loxinila) Extremely toxic Very dangerous
Dicarzol 500 SP Insecticide 1l 1
. (Cloridrato de Formetanato) Highly toxic Very dangerous

Onion
Karate 50 CE Insecticide 1l |
(Lambda-Cialotrina) Highly toxic Highly dangerous
Sportak 450 CE Funaicide | I
(Procloraz) 9 Extremely toxic Very dangerous
Dithane PM Funaicide | 1
(Mancozebe) 9 Extremely toxic Very dangerous
Benlate 500 Fungicide I Not classified

(Benomyl (Benzimidazol))

Moderately toxic
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In this way, the load of pollutants that reach the water system
can be calculated using the water footprint as being the
volume of the theoretical water necessary for the dilution of
that same load, associated with the production of a culture, so
that it becomes harmless (Ercin et al., 2012; Hoekstra et al.,
2011).

Properties of the agrochemical, the partition of carbon,
persistence, leaching, and runoff

The partition coefficient of organic carbon of the complex
soil-water or adsorption coefficient (Koc) of the chemicals
Ronstar 250 BR, Karate 50 EC, Benlate 500 is classified as
very low. The agrochemicals such as Targa 50 EC, Totril,
Sportak 450 EC and Dithane PM were classified as low
potential. The Dicarsol 500 was classified as very high (Table
3).

The Ronstar 250 BR, Karate 50 EC and Sportak 450 EC
were ranked as a very high persistence leaching and Targa 50
and EC Benlate 500 as of high persistence. The Totril,
Dicarsol 500 and Dithane PM are low and very low
persistence and leaching, respectively (Table 3). The
adsorption coefficient (Koc) is defined as the value that
represents the amount of organic carbon of the chemical
compound that may be adsorbed to the soil. This parameter
estimates the partition of a substance in the soil-water system,
e.g. how much of it has affinity with the ground without
being dragged through the water (Canuto et al., 2010).

Sometimes, the agrochemicals classified as very low and
low are considered as the greatest risks of contamination to
the environment (Damalas et al., 2011). Products that have a
low Koc with low tendency to adsorb on the soil can easily
reach the water bodies and; therefore, have greater mobility
and high solubility. They will increase the likelihood of
contamination of groundwater (Carbo et al., 2008; Arias-
Estévez, 2008).

The agrochemical Ronstar 250 BR, Karate 50 EC and
Sportak 450 EC were ranked as of very high-persistence
leaching. In this study, Targa 50 and EC Benlate 500 were
classified as high-persistence, while Totril, Dicarsol 500 and
Dithane PM as low and very low-persistence, leaching,
respectively (Table 3).

The runoff persistence of Ronstar 250 BR, Totril, Dicarsol
500, Karate 50 EC, Sportak 450 EC, Dithane wp and Benlate
500 were classified as low and very low, respectively, while
Targa 50 EC classified as of high persistence in the runoff
(Table 3).

Looking at persistence of these agrochemicals in the sandy

soil of the semi-arid region of Brazil, these agrochemicals
represent ability to develop considerable residual during a
given period, by which the higher persistence have a higher
risk of contamination, through leaching, volatilization or
erosion of the soils (Dan et al., 2010).
Anyusheva et al. (2016) reported that there is a great
vulnerability of water due to the greater persistence of
agrochemicals, regarding to runoff and leaching in particular
during the application of agrochemicals. To protect the water
resources, it is necessary to perform a series of actions. The
proper management of the crops is responsibility of the
producers, whose they use appropriate products specifically
registered for the crop and applied according to the
recommendations of professionals in the agricultural area
(Capri and Karpouzas, 2008).

In the current study, the soil texture relevant to leaching
and runoff were classified as high and low, respectively. The
content of organic matter present in the soils of the region is
low. The semiarid region has very low rainfall intensity and
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the rainfall; however, in the region the cultural practices in
cultivation of onion is considered to be high (Table 3). These
factors contribute to the fact that the agrochemicals are even
more persistent and cause further damage to the environment
in the region studied.

Augustus (2003) reported that the intensive use of
agrochemicals in agricultural soils along with concentrated
precipitation in just a time of year or even by the use of
irrigation, leads to a strong surface runoff, contaminatingthe
available water resources (Dabrowski et al., 2009, Zarate,
2010 and Zarate et al. 2011).

Alister end Kogan (2010) argued that there is a direct
relationship between the precipitation and the rate of leaching
and persistence of agrochemicals in the first 90 days of the
application. This fact can be justified by the deep movement
of agrochemicals in the soil during this time, which increases
the dissipation in the soil layers, increasing soil degradation
and water bodies.

Grey water footprint for onion

The grey water footprint (GWF) of agrochemicals currently
being used in the cultivation of onion in a semi-arid region of
the Brazilian (per hectare) is presented in Table 4. We noted
that Targa 50 CE has a great the fraction of leaching-flow
value. Tthe Dithane PM was the one that evidenced the
greatest total rate of application of the substance and load of
pollutant in the substance. The maximum concentration was
observed in the Benlate 500.

We observed that Dicarsol 500 HP has greater value of grey
water footprint with value of 1500000 m® (Table 4).
Therefore, Dicarsol 500 HP requires the maximum volume of
freshwater to assimilate the load of pollutants based on
current environmental quality standards of water (Hoekstra
and Chapagain, 2007; Hoekstra, 2011).

The grey water footprint (GWF) for an average
productivity of 20 tons per hectare of onion in Brazilian
semiarid region was 75078.0 m*t™ (Table 4). This grey water
footprint was calculated by taking the most critical the
pollutant into consideration. The most critical pollutants are
those that produce the largest volumes of polluted water
(Muller, 2012; Olivatto, 2009). The most critical pollutant for
GWEF of onion is Dicarsol 500 PS (Table 4).

Mekonnen and Hoekstra (2011a; 2011b; 2015) estimated
the grey water footprint of approximately 287.1 m® t* for the
wheat culture. Silva et al., (2015) reported the value of 20.77
m® ha for GWF of sugar cane in a dry-farming cultivation
system. These results were well lower than those we found in
our study. This mainly was due to the fact that a justified use
agrochemicals were applied in this study, and also as a result
of application rate and active ingredient of the agrochemical.
Rivas Ibafiez et al. (2017) and Roux et al. (2016) reported a
grey water footprint of 72.m®™ for the onion, well below that
obtained in the present work. This is because they only took
into consideration the already existed pollutants and they did
not add the effect of applied agrochemicals. Also, in our
study more rainfall is precipitated. Their lower GWF value
also could be due to an underestimation of the water
footprint.

The Water Pollution Level (WPL) is the fraction of the
assimilative capacity of effluent consumed, which is
calculated by the ratio between the largest grey water
footprint for the culture of the onion and the flow of a real
basin (Freal) from the Brazilian semiarid region. This level of
pollution was 24.66%, which is indicative of the
sustainability of the basin as the largest pollutant found for
the cultivation of onion.



Mekonnen and Hoekstra (2015) reported a high water
pollution level in various parts of the world, both by the
presence of agrochemicals and concentration of nitrates, a
fact that occur as a result of very low levels of runoff in these
basins to assimilate the load of nitrates and agrochemicals.
Hoekstra et al. (2011) asserted that 100% pollution level of
water can indicate the capacity for fully assimilation of
waste. However, when the pollution level exceeds 100%, the
quality standards of the water in its natural state are violated.

Materials and Methods
Characterization of area

The work was carried out in the Brazilian semi-arid zone in
an area corresponding to 10 thousand hectares, located
between the parallels of 7° 0" and 11 ° 50” South and between
the meridians of 42° 27° e 37° 0’ West, belong to the basin
sub middle of the San Francisco river (Fig 1).

The climate of the region according to the classification of
Koppen, is type BSwh’ in a semi-arid, with average annual
temperature of 27 °C. The potential evapotranspiration is
rated very high mainly in the north region, being of the order
of 3,000 mm per year. In addition to high insolation and low
relative humidity of the air, the dry season is predominant for
6 to 8 months. The rainfall is irregular and it is concentrated
in 2 to 3 months of the year and the annual average is 400 to
650 mm (Cunha et al., 2008).

The part of the brazilian semi-arid region that encompasses
the basin of the S&o Francisco river on the left bank is
dominated by soils with medium texture the sandy and
medium to very clayey in the right margin, being the class of
soil predominant in the Latossolos and Argissolos (Embrapa,
2013).

The survey of the main agrochemicals used in the
cultivation of onion was carried out. In addition, we
considered the environmental conditions of soil, climate and
management culture in the region of semi-arid, soon after we
used mathematical models for the estimation of the grey
water footprint (GWF) and sustainability for the region.

The grey water footprint (GWF) is calculated using the
diffuse pollution. Because when a chemical substance is
applied in the soil, only a part percolates to the surface and
ground waters. Therefore, the mathematical models are
applied that simulate these data of pollutant load in grams (g)
or milligrams (mg). According to Hoekstra et al. (2011), it is
necessary to estimate the fraction of chemical that reaches to
the water bodies through mathematical models.

The pollutants analyzed in this study were defined
according to a questionnaire applied to farmers in the region,
and data of the Institute of Agricultural Economics of Mato
Grosso (IAEM). A herbicide, a fungicide and an insecticide
were selected for the culture of the onion to determine the
grey water footprint (GWF).

Classification of agrochemical used on onions in Brazilian
semi-arid region

The maximum acceptable concentration (Cmax) of pollutants
was obtained through legislation that deals with the water
quality standards in its natural state. In the case of Brazil,
CONAMA Resolution no. 357/2005 was used for fresh water
Class Il. The European Union laws (EU, 2013) have also
been used, since these standards are current and are
scientifically reliable according to Franke et al. (2013).

The ordinance normative of IBAMA no. 84, 15 October
1996, defines the Potential Environmental Risk (PER) for
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products registered in Brazil. They are divided into classes
that refer to the parameters of bioaccumulation, persistence,
transport, toxicity to various organisms, potential mutagenic,
teratogenic and carcinogenic, and are classified according to
the Table 5. In this ordinance, the potential environmental
risk (PER) is assigned to product features that promote
contamination and damage to the compartments, biotic and
abiotic features of ecosystems. The main agrochemicals used
in the cultivation of onion in a semiarid region of the
Brazilian were obtained from the Agronomic Institute of
Pernambuco (IPA), among them, those found in Table 6.

The type of soil of the studied area determined the rate of
leaching of the agrochemicals. The fraction of flow of
leaching has been used to translate data on the amount of
chemicals applied to the soil to estimate the amount of
substances that enter the system from groundwater or surface
water. The fraction was derived from the methodology
proposed by Franke et al. (2013) and calculated for each
chemical studied.

The calculation of the grey water footprint for the culture of
onion

The grey water footprint (GWF) was calculated for each
chemical used in onion cultivation in the semi-arid region of
Brazil. The calculation was made by dividing the pollutant
load (L, in mass/time) by the difference between the
concentration of the environmental standard for a given
pollutant (the maximum concentration acceptable cmax, in
mass/volume) and its natural concentration in the receiving
body (cnat, in mass / volume). The equation 1 was used for
each chemical according to the method of Franke et al.
(2013).

a x Apl

L
CWE Cmax — Cnat  Cmax — Cnat
Where; Apl = the variable that represents the amount of
chemical substances applied to the soil in a given process
(mass / time);
L = pollutant load (mass / time);
Cmax = Maximum acceptable concentration (mass / volume);
Cnat = Natural concentration of the receiving body (mass /
volume);
a = fraction of leaching or flow (dimensionless).

The dimensionless factor o represents the fraction of leaching
or flow, defined as the fraction of applied chemicals that
reach the bodies of water and can be calculated using
Equation 2:

i SixW;

%
A = Qpin + [ YW *(Amax — Amin)
i Wi

Where: amin = fraction of leaching / minimum flow;
amax = maximum leaching fraction;

Si - leaching potential-flow;

Wi - factor weight.

The grey water footprint of crop (GWF, m®t™) was calculated
by multiplying the application rate per hectare of crop
chemicals in the field (TQ, Kg ha™), by the fraction of
leaching (o), divided by Cmax, kg m™) minus the natural
concentration for the pollutant in question (Cnat, kg m-3)
divided by the crop yield (P, t ha™) and Equation 3.



GWF = (d X TQ)/(Cméx - Cnat)

P
Where; GWF = grey water footprint (m3 t™);
a = Fraction of leaching;
TQ = rate of application of chemical substances per hectare
(kg ha®);
Cmax = Maximum permissible concentration of the pollutant
in the receiving aquatic environment (kg m3);
Cnat = Natural concentration of the pollutant in the receiving
aquatic environment (kg m?3);
P =Productivity of the crop (t ha™).
According to Hoekstra et al. (2011), an indicator of local
impact is relevant to the calculation of the 'water pollution
level' (WPL) in a basin, that measures the degree of pollution.
It is defined as the fraction consumed from the assimilative
capacity of the wastewater and calculated by the ratio
between the grey water footprints of the total (ZXGWF) and
the actual flow of a basin (Freal) according to the equation 4.

_ Y GWF[x,t]
WPLLet = e e

Where; WPL = 'water pollution level;
YGWHF= total sum of grey water footprints;
Freal = the actual flow of a basin.

The sustainability assessment of grey water footprint depends
on the flows available in the basin to assimilate the
wastewater and the specific time period that can be
considered as critical point when the patterns of water in its
natural state in that period and in that bowl are violated, when
the capacity of assimilating waste is completely consumed.

Conclusion

The agrochemicals Ronstar 250 BR, Dicarzol 500 PS and
Sportak 450 CE were classified within highest grey water
footprint for onion cultivation in the Brazilian semi-arid
region. Therefore, they require a higher volume of freshwater
for dilution of pollutants such that they become harmless. It is
recommended to replace these agrochemicals with others of
smaller GWF. According to the obtained results, it can be
concluded that the grey water footprint is an efficient
indicator in monitoring the impact of man on the
environment. The semi-arid region of Brazil is classified as
sustainable for the cultivation of irrigated onions. The
determination of the grey water footprint for an onion culture
was considered a tool capable of identifying the risks of
contamination of fresh water by the excessive use of
agrochemicals in the Brazilian semi-arid.
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