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Introduction

WNLS Suisse

The latest policy initiative to regulate pesticides in El Salvador (Figure 1) was launched on September 5,
2013. In fact, on that date, Decree 473 was accepted by the Legislative Assembly, stipulating among other
things, a list of substances to be banned and the creation of a technical committee to evaluate the health
and environmental risk of pesticides. Unfortunately, this idea supported by the formerly President of the

Republic Mauricio Funes, never became a reality.

To this date, the last contribution of Salvadoran
legislation for pesticide management dates back 15
years and only 57 substances or groups of pesticide
substances are regulated in the country by national
decrees and international agreements. However, in El
Salvador more than $55 million of these products are
imported into the country each year. During the 12
months of the year more than 80,000 tons of fertilizers,
3,000 tons of herbicides, 1,200 tons of insecticides,
and 138 tons of fungicides (MAG, 2019b) are applied to
crops without any control over the conditions under
which these products are applied or the hazards they
involve to human health and the environment. These
data indicate that 1.33 pounds of pesticide are applied
each year per inhabitant in El Salvador assuming a
population of 6.5 million people (WPR, 2021).

Although the competent authorities exercise no control
and the legal framework is deficient, the effects are
already being felt in public health and the environment.
El Salvador is at the top of the list of Central American
countries with the highest rate of chronic kidney
disease (47 deaths/100,000 inhabitants per year),
including chronic kidney disease (CKD) from unknown
sources that affects farmers in coastal areas who grow
mainly sugarcane (Hoy et al.,, 2017). The incidence of
acute intoxications corresponds to almost one in every
thousand Salvadorans (94.6 intoxications/100,000
inhabitants) (Quinteros & Lopez, 2019). These numbers
are probably only the tip of the iceberg, because they do

not include all the chronic effects that these products
have on the health of users, their families and the
general population exposed to contaminated food and
water. At the environmental level, El Salvador's main
ecological sites (Ramsar sites) of global importance
are threatened by the loss of biodiversity in relation of
species richness and quantity. In addition, to the already
extremely high climatic pressures on ecosystems, there
are anthropogenic pressures from the overexploitation
of freshwater resources and pesticide contamination of
large-scale crops.
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Figure 1 El Salvador is located in Central America, between the
north and south of the American continent, bordered to the west
by Guatemala, to the north by Honduras, to the east by Honduras
and Nicaragua in the Gulf of Fonseca and to the south by the Pacific
Ocean.
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In response to the passivity of competent authorities,
and the effects that the use of pesticides bring about
on the different ecosystems of the country and
human health; the objective of this scientific research,
therefore is to re-launch the pesticide risk assessment
process by providing some essential, current, and
contextualized information in El Salvador on the health
and environmental risks. This paper includes sugar
production as a case study, because it is mainly present
in the study area and is characterized by an extremely
intense production that includes high water and
pesticide consumption. In addition, statistical studies
of the geographic correlation between areas cultivated
with different crop types, environmental temperature,
and the number of kidney disease patients in El Salvador
indicate that sugarcane is the crop most correlated with
this disease (Vandervort et al., 2014).

This research was carried out in three main phases,
which included a review of the scientific literature and
an analysis of existing data, social surveys and finally
a preliminary sampling compaign of pesticides and
fertilizers in the aquatic system. Therefore, specific
questions were addressed at the national and territorial
levels. The research questions addressed in this study
are the following:

1. What is the National and International legal
framework applied in El Salvador regarding to the
regulation of the importation and use of pesticides?
What deficiencies could be highlighted?

2. What chemicals are sprayed in the sugarcane
fields in relation to the production cycle? What

are the volumes imported into the country and the
identified hazards of each substance to the human
health and aquatic and terrestrial ecosystems?

3. How are the people working on these crops
and the surrounding communities exposed to
these products? What are the other direct and
indirect effects of the forms of exposure of these
monocultures on these populations?

4. What substances should be monitored in the
aquatic system and is there any evidence to suggest
there is a significant risk of exposure of the aquatic
environment to these products?

5. What recommendations can be made at the
regulatory level, at the monitoring level and at the
use level of these products to reduce the risks to
human health and the aquatic environment?

This research includes 9 chapters covering the legal
and regulatory aspects of pesticides (Chapter 1),
the total load of pesticides used in El Salvador and
the sugarcane production cycle (Chapter 2), the
identification of health and environmental hazards of
the active ingredients used in sugarcane fields (Chapter
3), the description of the case study (Chapter 4), the
characterization of exposure of the communities
(Chapter 5) and the environment to pesticides (Chapter
6), and then the assessment of health (Chapter 7) and
environmental risks (Chapter 8). Chapter 9 focuses on
legal recommendations, risk reduction measures and
some alternatives to consider.
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Regulation of Pesticides in El Salvador

1.1 Introduction

The legal instruments available to the State to regulate
the manufacture, import, use and disposal of potentially
hazardous and polluting chemical substances are key
elements to guarantee the health of its population and
protect its environment. The purpose of this chapter is
to determine what legal and technical instruments El
Salvador has at its disposal and which substances with
pesticide effects are currently regulated in the country.

1.2 Methodology

The analysis of the international legal framework is
based on the international agreements ratified by El
Salvador on chemical substances including pesticides.
These include the Basel and Stockholm Conventions
and the Montreal Protocol. The pesticide-acting
substances regulated in these agreements and the
specific conditions that apply to their importation,
production and commercialization in the country have

been compiled in tabular form.

The analysis of the regulatory instruments applied at
the national level is based on the law on control of
pesticides, fertilizers, and products for agricultural use
(LCP 1973, reforms 1993), Law on Environment (LMA
1998, update 2012) and the plant and animal health law
(LSVA 1995, Reforms 2005). A chronological analysis and
comparison of the list of internationally and nationally
regulated substances was carried out. An analysis of
the latest initiatives in national pesticide regulation was
also performed.

1.3 Results
1.3.1 International Regulatory Framework

El Salvador ratified the Basel Convention on the control
of transboundary movements of hazardous wastes and
their disposal on December 13, 1991 (SBC, 2011). This
convention is implemented in El Salvador through the

"Ji»‘g ENTIODE AVESTGAION Y DEWROUDENSALD.
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Law on Environment and the Penal Code. Article 59 of
the Law on Environment prohibits the introduction of
hazardous waste into the national territory, as well as its
transit, discharge, or storage (ERS, 2016). The Penal Code
establishes penalties of deprivation of liberty for this
type of crime, ranging from 6 to 10 years’ imprisonment
(ERS, 2016). Hazardous waste includes among others
“wastes resulting from the production, preparation and
use of biocides and phytopharmaceuticals, including
pesticide wastes, and herbicides that do not meet
specifications, are expired’, or are unsuitable for their
original intended use” (citation VIII, A4030, PNUMA,
1992).

El Salvador ratified the Rotterdam Convention on
February 24, 2004, for the application of the prior
informed procedure for certain hazardous chemicals
and pesticides in international trade (SCR, 2017b). The
objective of the convention is the protection of human
health and the environment from potential harm caused
by certain hazardous chemicals traded internationally
(SCR, 2010). This convention considers the economic
and use conditions of the importing country. Appendix
Il of the Convention identified a list of 50 chemicals,
including 35 pesticides. For each of these substances,
the Prior Informed Consent (PIC) procedure was
carried out and import restrictions were established
per country. The “Rotterdam Convention” column in
Table 1 summarizes the pesticides authorized or not
authorized for import into El Salvador.

El Salvador signed on July 30, 2001, and ratified on May
27, 2008, seven years later the Stockholm Convention
on Persistent Organic Pollutants (POPs). The convention
has been in force in El Salvador since August 25, 2008,
with the reservation that the country does not recognize
the compulsory jurisdiction of the International Court
of Justice (UNEP, 2014). The signatory countries of the

Stockholm Convention commit to take the necessary
measures to restrict, reduce or eliminate the production
and use of certain persistent organic pollutants (SSC,
2018).

Appendix A of the Convention specifies the substances
to be banned and/or eliminated and Appendix B
specifies the substances whose production and use
must be restricted. Appendix C contains substances
whose emissions from unintentional production must
be reduced or eliminated. These appendices list 32
substances and groups of substances, 16 of which
have pesticide uses. According to the latest decision
in May 2019, dicofol will be added Appendix A (SSC,
2019). The column “Stockholm Convention” in Table 1
lists the pesticides regulated by Appendix A, B, C of the
Convention applicable to El Salvador.

Although pesticides banned by the Stockholm
Convention have not been imported into Central
America since 2000 (Bravo et al,, 2011), they have been
used in the past and their illegal trade and dumping, as
well as their persistence remain a major environmental
concern (UNEP, 2002).

The Stockholm and Rotterdam Conventions regulate no
less than 43 substances or groups of substances used as
pesticides. Table 1 shows the substances with pesticide
activity and their requlatory framework. Each substance
has its own particularities in terms of regulation of its
production and use, including specific exemptions and
import requirements. Details are available in the original
regulatory documents (SCR, 2017b; SSC, 2019).

Finally, the Montreal Protocol ratified by El Salvador on
October 2, 1992, regarding substances that deplete the
ozone layer, bans several chlorinated and fluorinated
substances. This includes chlorofluorocarbons that can
be used for agricultural purposes (ONU 2019).

! "Expired” means not used for the period recommended by the manufacturer and may have chemically reacted and converted to other by-products.
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Table 1 Summary of pesticides regulated by the Stockholm Convention on Persistent Organic Pollutants (POPs) and the products that can
be imported or not into El Salvador under the Rotterdam Convention. Appendix A of the Convention specifies the substances to be banned
and / or phased out and Appendix B specifies the substances whose production and use must be restricted. Appendix C contains substances

whose emissions from unintended production must be reduced or eliminated

Chemical product CAS Use Stockholm Convention Rotterdam Convention
(SCR, 2017a; SSC, 2019) (SSC, 2018) (SCR, 2017a)

2,4,5-T and its salts and 93-76-5 Herbicide - It not allowed

esters

Alachlor 15972-60-8 Herbicide - It allowed

Aldicarb 116-06-3 Insecticide, nematicide and acaricide - Subject to conditions®

Aldrin 309-00-2 Insecticide Appendix A It not allowed

Alpha 319-84-6 Lindane synthesis by-product Appendix A -

hexaclorocyclohexane

Azinphos-methyl 86-50-0 Insecticide - Subject to conditions®

Beta 319-85-7 Lindane synthesis by-products Appendix A -

hexachlorocyclohexane

Binapacryl 485-31-4 Fungicide and acaricide - Subject to conditions®

Captafol 2425-06-1 Fungicide - It not allowed

Carbofuran 1563-66-2 Acaricide, insecticide and nematicide - Subject to conditionst

Chlordane 57-74-9 Insecticide Appendix A It not allowed

Chlordecone 143-50-0 Insecticide Appendix A

Chlordimeform 6164-98-3 Insecticide, acaricide and ovicide - It not allowed

Chlorobenzilate 510-15-6 Pesticide (Acaricide) = It not allowed

Chlorofluorocarbons Not Assigned Pesticides and others Included in the Montreal Protocol

Mercury - Pesticide - It not allowed

compounds?

Tributyltin 1461-22-93 Pesticide - Importation is allowed

compounds

DDT 50-29-3 Insecticide Appendix B Importation is not
allowed

Ethylene dichloride 107-06-2 Non-agricul.tur.al pest control - Subject to conditions

biocides

Dicofol 115-32-2 Acaricide Appendix A -

Dieldrin 60-57-1 Insecticide Appendix A Importation is not
allowed

Dinitro-orthc?-cresol 534-52-1 Equlignt, herpicide, insecti.ci.de, - Subject to conditions

(DNOC) and its salts* larvicide, ovicide and fungicide

Dinoseb and its salts and 88-85-7 Pesticide, fungicide, herbicide, - Importation is not

esters desiccant, insecticide allowed

EDB (ethylene 106-93-4 Insecticide, nematicide fumigant - Importation is not

dibromide) allowed

Endosu!fan and its 33213-65-9, 115- HerbiFide, .in.secticide, fun.giciFie, Appendix A Subject to conditions

related isomers 29-7 algaecide, disinfectant applications

were in agricultural seeds, leather,
wood preservation, cooling tower
water, ropes, and paper mill systems
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Chemical product CAS Use Stockholm Convention Rotterdam Convention
(SCR, 2017a; SSC, 2019) (SSC, 2018) (SCR, 2017a)
Endrin 72-20-8 Insecticide, rodenticide Appendix A -
Fluoroacetamide 640-19-7 Insecticide, rodenticide - Importation is not
allowed
Formulations benomyl, 137-26-8, 1563- Extremely hazardous - Subject to conditions®
carbofuran, thiram> 66-2, 17804-35-2 pesticide formulations
Phosphamidon® 13171-21-6 Extremely hazardous = Importation is not
pesticide formulations allowed
HCH (mixed 608-73-1 Insecticide - Importation is not
isomers) allowed
Heptachlor 76-44-8 Insecticide Appendix A Importation is not
allowed
Hexachlorobenzene 118-74-1 Insecticide Appendix C Importation is not
allowed
Lindane 58-89-9 Insecticide and against ectoparasites Appendix A Importation is not
allowed
Methamidofos 10265-92-6 Insecticide - Subject to conditions®
Methylparathion? 298-00-0 Extremely hazardous - Subject to conditions®
pesticide formulations
Mirex 2385-85-5 Insecticide and fire retardant Appendix A -
Monocrotophos 6923-22-4 Insecticide and acaricide - Importation is not
allowed
Ethylene oxide 75-21-8 Pesticide - Subject to conditions?
Parathion 56-38-2 Insecticide, acaricide - Importation is not
allowed
Pentachlorobenzene 608-93-5 Fungicide, fire retardant Appendix C -
Pentachlorophenol and 87-86-5 Herbicide, insecticide, fungicide, Appendix A Importation is not
its salts and esters algaecide, disinfectant allowed
Toxaphene 8001-35-2 Insecticide, acaricide Appendix A Importation is not
allowed
Trichlorfon 52-68-6 Insecticide, acaricide - Subject to conditions®

1 Permit import subject to certain conditions. 2 Including inorganic mercury compounds, alkyl mercury compounds, and alkoxyalkyl and aryl mercury
compounds. 3 CAS: 1983-10-4, 2155-70-6, 24124-25-2, 4342-36-3, 56-35-9, 85409-17-2. 4 Such as ammonium salt, potassium salt and sodium salt. 5 Dry
powder formulations containing a combination of benomylin an amount equal to or greater than 7%, carbofuran in an amount equal to or greater than 10%
and thiram in an amount equal to or greater than 15%. ¢ Soluble liquid formulations of the substance exceeding 1000 g/l of active ingredient. 7 Emulsifiable
concentrates (EC) with 19.5% or more of active ingredient and powders containing 1.5% or more of active ingredient.




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

1.3.2 National Regulatory Framework

Pesticides are regulated in three national laws, namely
Law on the Control of Pesticides, Fertilizers and
Products for Agricultural Use (LCP 1973, update 1993),
Law on Environment (LMA 1998, update 2012) and Law
on Plant and Animal Health (LSVA 1995, update 2005).

According to paragraph (c) of Article 50 on the
prevention and control of soil contamination of the LMA,
the Ministerio de Medio Ambiente y Recursos Naturales
(Ministry of Environment and Natural Resources
(MARN) promotes “integrated pest management and
the use of natural fertilizers, fungicides and pesticides
in agricultural activity, which maintain the balance
of ecosystems, in order to achieve the gradual
replacement of agrochemicals with bioecological
natural products”(Art. 50, LMA, 2012). This article has
a final objective to replace all agrochemicals with
agroecological products. Article 50 specifies that
MARN must ensure that the chemicals used have
minimal impact on the ecosystem. In addition, the
LMA also specifies that a special law will specify the
agrochemicals whose use is prohibited (LMA, 2012).

The LSVA specifies the measures to be taken for
the protection of plant and animal health. Article 1
stipulates more specifically, that actions developed by
the Ministerio de Agricultura y Ganaderia (Ministry of
Agriculture and Livestock) (MAG) must be in line with the
protection of the environment and human health (LSVA,
2005). This law specifies that the MAG is responsible
for coordinating with other actors in integrated pest
management, in other words, methods in line with
environmental protection (CMACCGP, 2016).

The LCP regulates the production, marketing,
distribution, importation and use of various pesticides
and other substances used for veterinary and livestock
purposes (LCP, 2005). This law is the central axis that
provides the regulatory framework for the importation,
sale and use of pesticides. Article 5 defines different
technical terms that are used in the context of this
research. The term pesticide comes from the English
word “pest”, meaning harmful insects or plants, as well
as from the Latin “cida”, meaning to strike, knock down
and kill (CNRTL, 2019).
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The term “pesticides” is defined on page 3 of the present
LCP Law as "any chemical or chemical-biological
substance or mixtures of substancesintended to prevent
or combat pests or diseases in animals and plants, such
as: insecticides, fungicides, germicides, nematocides,
acaricides, molluscicides, rodenticides, ornithocides,
bactericides, viricides, repellents, attractants and other
products for use in both animals and plants (...)".

Herbicides are part of the main groups of pesticides
which are defined as “substance used for the destruction
or elimination of undesirable or harmful weeds to
agricultural crops”.

The LCP defines fertilizers as “commonly known
as chemical or organic fertilizers: any substance or
mixture of substances that are incorporated into the soil
or plants in any form for the purpose of promoting or
stimulating their growth or development or increasing
soil productivity”.

The requirements that must be met during their use are
mentioned in Chapter VIII of the LCP, where specific
measures must be taken to ensure that surface waters
and water sources are not contaminated (LCP, 2005).
Failure to comply with these obligations is qualified as a
serious fault with pecuniary sanctions or temporary or
a definitive suspension from the institution (Art. 52 LCP,
2005). Based on the LCP, two executive agreements
were published including No. 151 (27/06/2000) and No.
18 (29/01/2004).

Article 1 of Agreement No. 151 (MAG, 2000) prohibits the
registration, import, export, manufacture, marketing,
and distribution of 34 pesticide active substances,
either in technical form or in formulation. Technically
speaking, it is only a list of 32 different substances
because toxaphene and chlorinated camphene, as
well as ethylene dibromide and 1,2-dibromoethane are
the same molecules. Of these 32 substances, 12 are
banned or the use will be reduced under the Stockholm
Convention and 26 are banned from import into El
Salvador under the Rotterdam Convention. The other
six substances banned in El Salvador that are not part of
the Stockholm Convention, Rotterdam or the Montreal
Protocol are presented in the following table (Table 2).
These substances are banned or strictly regulated in the
United States or Europe
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Agreement N° 18 (MAG, 2004) regulates the
commercialization, distribution, storage and use of 12
pesticides (Table 3). Five of these pesticides can only be
imported conditionally into El Salvador. The activities
mentioned above are regulated by means of special
documents.

The Legislative Assembly approved on September 5,
2013, with 45 votes in favor, Decree No. 473 on the
reform of the LCP (MARN, 2013a). Article 2 of this reform
contains a list of 53 active substances and commercial
products prohibited in El Salvador. Article 3-A prohibits
fertilizers containing heavy metals and metalloids.

Table 2 Pesticides banned in El Salvador in addition to the substances covered by the International Agreements of Stockholm, Rotterdam,

and Montreal.

Chemical product CAS Use
Daminozide 1596-84-5 Plant growth regulator
Leptophos 21609-90-5 Plaguicide, fungicide
Fluorine Sodium Acetate 62-74-8 Rodenticide
Quintozene 82-68-8 Fungicide
Dibromo Chloro Propane 96-12-8 Nematicide
Arsenical Compounds Not Assigned Insecticide, fungicide, and herbicide

Table 3 Substances regulated by Agreement No. 18 (29/01/2004); special measures are detailed in the Agreement.

Chemicals Overhead Special
Products CAS applications measurements Example of special measurements

Aldicarb 116-06-3 4 > 20 m from water sources.

Carbofuran 1563-66-2 Prohibited Y Authorized for application in drip irrigation systems.

Dimethoate 60-51-5 Prohibited 2 It cannot be used in the following crops: potato, tomato, soybean,
citrus, pineapple, and rice.

Endosulfan 33213-65-9 Prohibited 1 > 20 m from water sources.

115-29-7

Ethoprophos 13194-48-4 > 20 m from water sources.

Phorate 298-02-2 Prohibited 6 Training for the distributor and the user in its proper handling.

Aluminum 20859-73-8 For pest control in stored grains only.

phosphide

Methamidophos 10265-92-6 Prohibited 1 It may not be used in the following crops: cotton, pasture,

ornamentals, coffee, celery, etc.
Methyl parathion? 298-00-0 Prohibited 3 It should not be used on coffee, sugarcane, citrus, broccoli, tomato,
chili, tobacco, rice, and ornamental plants.

Methomyl 16752-77-5 Prohibited 4 > 20 m from water sources.

Paraquat 4685-14-7 Prohibited 3 Applications in rivers, lakes, lagoons and other water sources or
aqueducts are prohibited.

Terbufos 13071-79-9 Prohibited 5 It may only be sold with the provision of appropriate application and

personal protective equipment.
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Article 3-B mentions the creation of a technical
committee in charge of formulating requirements for
the registration, regulation and control of pesticides
and fertilizers (ALRES, 2013). This technical committee
is composed of people from the Ministries of Health
(MINSAL), MARN and MAG. By then President of the
Republic, Carlos Mauricio Funes Cartagena, received
the decree on September 19, 2013, and returned it with
observations to the Legislative Assembly on October 1
of the same year, noting that the list of 53 substances
contained only 11 substances that were not already
prohibited by national and international regulations
(Funes, 2013). A second comment was made on the fact
that the proposed list contained a mixture of names of
active substances and commercial products (p. 3 (Funes,
2013)), suggesting mentioning only active ingredients
named according to the internationally accepted IUPAC
nomenclature. The list of active substances that are not
prohibited in El Salvador in relation to Agreement No.
473 are shown in Table 4.

The 42 agrochemicals approved by then President of
El Salvador to be legislatively banned are: 1) Methyl
parathion, 2) Endosulfan, 3) Methamidophos, 4) Aldicarb,
5) DDT, 6) Leptophos, 7) Ethyl parathion, 8) Endrin, 9)
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Dieldrin, 10) Aldrin, 11) Heptachlor, 12) Chlordimeform,
13) Toxaphene, 14) Hexachlorobenzene, 15)
Chlordecone, 16) Arsenicals, 17) Sodium Fluoroacetate,
18) Dibromo Chloropropane, 19) Chlorofluorocarbons,
20) Dodecachloro, 21) 2,4,5-T, 22) Ethylene Dibromide,
23) Captafol, 24) Pentachlorophenol, 25) HCH, 26)
Phosphamidon, 27) Monocrotophos, 28) Quintozene,
29) 1,2-Dibromoethane, 30) Chlorinated Camphene, 31)
Lindane, 32) Sodium Cyanide, 33) Dinoseb and Dinoseb
Salts, 34) Chlordane, 35) Daminozide, 36) Mercury
Compounds, 37) Chlorobenzilate, 38) Fluoroacetamide,
39) Biphenyl, 40) Dichlorinates, 41) Dioxins and 42)
Furans.

The 12 agrochemicals excluded from the ban list
were the following: 1) Paraquat (gramoxone); 2)
Methomyl (lannate), 3) Carbofuran (furadan);, 4)
2,4-Dichlorophenoxyacetic acid (whip); 5) Chlorpyrifos,
6) Glyphosate (ranger), 7) Dicamba, 8) Imidacloprid,
9) Thiodicarb (armor), 10) Terbufos (counter), 11)
Dimethoate and 12) Phorate.

Additionally, in the amendment to the proposed reform
the by the President retook an advisory and consultative
Committee integrated by the MAG, MARN and MINSAL.

Table 4 Active substances stipulated in Agreement No. 473 that are not prohibited by National or International legislation in El Salvador.

Substance CAS Use

24-D 94-75-7 Herbicide
Carbofuran 1563-66-2 Acaricide, insecticide and nematicide
Chlorpyrifos 2921-88-2 Insecticide
Dicamba 1918-00-9 Herbicide
Dimethoate 60-51-5 Acaricide, insecticide
Phorate 298-02-2 Insecticide, acaricide
Glyphosate 1071-83-6 Herbicides
Imidacloprid igggg:%:g Insecticide
Methomyl 16752-77-5 Insecticide
Paraquat 4685-14-7 Herbicides
Terbufos 13071-79-9 Insecticide, acaricide
Thiodicarb 59669-26-0 Insecticide
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This Committee would be in charge of issuing opinions
at the request of the MAG, when the latter considered
it pertinent. The transition from a Technical Committee
to a Committee merely of consultative nature and only
at the request of the MAG, weakened the possibility of
having initiatives to stop the use of toxic substances
and their effects on health and the environment.

It is important to note that the by then President
repeatedly mentioned the need for the prohibition of
active substances to be based on scientific principles,
preferably on a risk assessment (p. 4, 7, 8 and 12). The
scientific principles that were to be considered are those
developed by the relevant international organizations
(Funes, 2013). Clearly, the group that advised the by
then President on this decision were unaware or made
it appeared that they did not know of the amount of
scientific literature justifying the prohibition of these
substances, which were already banned in other more
developed countries. Currently, the decree has been
shelved.

The chronology available in Appendix |, shows some
interesting facts about this process. It seems that two
main causes could explain the failure to complete
this process of revision of the law: 1. The intervention
of national pressure groups (e.g., the coffee industry)
and international (e.g., Crop Science) to challenge the
process, 2. The failure to create the technical committee
responsible for the risk assessment of the remaining 11
substances.

Protection of Protected Natural Areas against
Contamination

Protected naturalareas are covered by special provisions
established in the Law of Protected Natural Areas (LANP,
2005). These protected areas include wetlands such as
the Ramsar sites located in the study area. The objective
of this law is the conservation of biological diversity,
ensure the functioning of ecological processes and
guarantee the perpetuation of natural systems. Chapter
VII of this law defines offenses and penalties related to
damage caused by a third parties to these protected
areas. Article 45 stipulates the so-called “very serious”
infractions, including “the use in the zone or buffer
zone of agrochemical products that are not authorized
by the responsible authority” (LANP, 2005).

Quality Control of Imported Agrochemicals in
El Salvador

Furthermore, to the problems related to pesticide
legislation in El Salvador, it is necessary to consider
that there is usually no adequate quality control of
the chemical content of imported products. The lack
of adequate laboratories, with few exceptions such
as the MAG laboratory (which does not have the legal
attribution to analyze imported products) or the MINSAL
laboratories, the capacity for organic analysis of these
products is limited and is not routinely performed. It is
known that there is evidence that many pesticides may
contain heavy metals.
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The heavy metal content of fertilizers is also of concern.
Fertilizers often contain heavy metals such as Cd, Co,
Cu, Ni, Pb, Zn, Fe and Mn (e.g., Gimeno-Garcia et al.,
1996). Phosphates may contain high concentrations of
these metals and arsenic, as is the case with Moroccan
phosphates (e.g., Cd concentration, Mar, and Okazaki,
2012). Between 2011 and 2014, each year El Salvador
imported more than 97% of calcium phosphate from
Morocco (Atlas of Economic Complexity, accessed
2/15/2021). To the best of our knowledge, there are no
determinations of heavy metals in fertilizers applied in
El Salvador.

1.4 Conclusion

There is a regulatory framework for 57 substances or
groups of substances that can be used as pesticides in
El Salvador. Of these substances, only 14 do not refer to
aninternational agreement obligation and are regulated
by an agreement adopted at the national level. The only
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update of the Salvadoran pesticide regulation dating
from 2013 has been archived, which means that it will
not be applied. This means that since 2004, no scientific
evidence on health and environmental risk assessment
produced in the last 16 years has been considered
to adapt the Salvadoran legislative framework. This
regulatory gap could result in significant risks to the
health of the population and the environment.

For example, Regulation (EC) No. 1107/2009 of the
European Parliament on the placing of pesticides on
the market (EC, 2009) has allowed a position on 1,353
active substances (34 are pending) used as pesticides,
855 of which are not approved for use on the European
market (EC, 2009). Of the 12 active substances in El
Salvador's Executive Agreement No. 18 (MAG, 2004),
only aluminum phosphide and methomyl are approved.
As shown in Table 3, El Salvador restricts the aerial use
of only 9 pesticides. For example, at the European level,
as arule, pesticides have not been allowed to be applied
by air since 2009 (Zwetsloot et al., 2018).
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Agrochemical Load in El Salvador
and its Use in Sugarcane Fields

2.1 Introduction

In the framework of the evaluation of chemical risks
associated to the use of pesticides in El Salvador and
more specifically in sugarcane crops, it is necessary to
have 3 essential inputs. First, it is required to obtain a
list of the commercial formulations used and their main
active ingredients. Secondly, it is essential to know the
quantities used to estimate the total pesticide load
to which the country is subject. Finally, as part of this
research, it is necessary to know when and how their
products are applied on sugar crops.

2.2 Methodology

The list of agrochemicals registered in El Salvador and
the import data were provided by Registration and
Inspection of the General Direction of Plant and Animal
Health of the MAG.

These data were used to determine the dynamics of

the import of phytosanitary products during the year,
to calculate the total quantities sprayed of each active
ingredient and to estimate the absolute consumption
of pesticides for each type of crop.

To determine these three elements, a database has
been created with the OpenOffice Base program to
cross-reference information from different tables and
facilitate the calculations. This database contains, the
list of products registered in El Salvador (180,000 data),
fertilizers and pesticides imported for each month from
September 2018 to August 2019 (65,025 data) and the
cultivated areas by crop type mentioned in the MAG
agricultural yearbook 2018-2019 (MAG, 2018, pp. 2018-
2019).

Determination of Import Dynamics

The analysis of agrochemical import dynamics
in El Salvador is based on the amounts in tons of
commercial products imported each month between
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September 2018 and August 20192, For each month,
the amounts imported by the following classes:
“fertilizers”, "herbicides”, “insecticides” and “fungicides”
were summed. For the calculation of the formulations3
of the imported amounts, the declared used by the
registration for each product was considered. The
herbicide use class of the registration was considered as
herbicide; the insecticide, acaricide and nematicide use
classes were considered as insecticides; the fungicide
and bactericide classes were considered as fungicides;
the fertilizer, foliar and micronutrient classes were
considered as fertilizers.

Commercial products sold in liquid form were
estimated with a density of 1 kg/L to report import data
in tons by use class. This analysis provides an overview
of the masses of pesticides and fertilizers entering the
country each year. Nonetheless, it should be noted that
each product contains active ingredients in different
concentrations. For this reason, the total pesticide load
used was subsequently calculated based on the masses
of active ingredients. The same work was carried out to
determine the dollar value imported per year by class
of use.

Calculation of the Total load of Pesticides sprayed in El
Salvador.

The sum by commercial products used was performed
during the period of September 2018 and August
2019 in SQL (Structured Query Language) functions
contained in OpenOffice Base. The import records
contain a “Used” column so only rows containing “YES”
were added.

Then, the list of total quantities of commercial products
used during this period was exported to OpenOffice.
Commercial products may contain a mixture of
two or three different active substances in different
concentrations. Commercial products containing more
than one active ingredient were considered several
times depending on the concentration of each active
ingredient; the mass of the product in each mixture
was considered. The concentrations of the 397 active
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ingredients contained in the 320 commercial products
were determined from information obtained from
distributor websites, label photos and telephone
records. When the active ingredient concentrations
per commercial product were known, the total amount
of commercial product sprayed was multiplied by
the concentration of each active ingredient. Annual
amounts were calculated for each active ingredient
used.

Estimated fumigation amounts by crop type.

The MAG's register of phytosanitary products was
searched for each of the commercial products imported
between September 2018 and August 2019 to find out
on what type of crops they could be applied.

Next, the area for each type of crop was researched in
the MAG 2018-2019 agricultural yearbook. A theoretical
percentage of treated area per crop type was calculated
for each of the commercial products. This calculation
is based on two assumptions, the rate applied is the
same for each type of crop and that all crops for which
a product is intended have been treated.

For example, the product called “FOLIKILL 1.5 DP" is
used for tomato (851 Mz, 595.7 hectares) and chili (274
Mz, 191.8 hectares) crops. Our hypothesis is that this
product was sprayed equally on all tomato and chili
plots in the country. Of the total 286,000 kg of FOLIKILL
1.5 DP used during the year, then 216,343 kg (76%) are
attributed to tomato crops and 69,657 kg (24%) to chili.
These amounts are then multiplied by the percentage
of active ingredient contained in the product (1.5%
chlorpyrifos).

Finally, the amount of each active ingredient is added
by crop type. For ease of interpretation, the results
were expressed in the following groups: coffee,
sugarcane, fruits (avocado, cocoa, citrus, plantain,
mango, banana, watermelon), basic grains (rice, beans,
corn, sorghum), vegetables (squash, chili, pear squash,
potato, cucumber, cabbage, tomato, zucchini) and
others (cotton, etc.). The results are presented in Al. 1
(Additional Information 1).

2 The data can be solicited at michel.wildi@gmail.com.

3 Mmixtures of various chemical components (additives, active ingredients, solvent) at different concentrations

(2 CENSALUD

W VST DSHROLDDNSALD
5= UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Agrochemical use during the Sugarcane Production
Cycle.

The identification of chemicals used in sugarcane fields
was carried out through cross-checking information
from literature, the List of Registered Products (MAG,
2019) and semi-structured interviews with engineers
and agricultural operators. The methodology of the
qualitative interviews is specified in chapter 5.2.1.

2.3 Results
2.3.1 Pesticide and Fertilizer Import Dynamics.

From September 2018 to August 2019, El Salvador
imported $55,133,442 in biocides (domestic use),
pesticides and fertilizers (agricultural use). Pesticides
represent 46% of this total ($25,357,711); 42.2% are
for fertilizers ($23'270'038) and 11.8% for biocides
($6,505,693) used in households (MAG, 2019a). In terms
of pesticides, herbicides account for the largest share of
this import trade (513,814,479), followed by insecticides
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($6,645,339) and fungicides ($3,409,103) (MAG, 2019b).

For informational purposes, the quantities of
commercial products imported into the El Salvador
in 2019 amounted to 80,230 tons of fertilizers, 4,729
tons of pesticides and 1,498 tons of biocides. Pesticides
include 3,016 tons of herbicides, 1,254 tons of
insecticides, 138 tons of fungicides, and other products
(e.g., agricultural adjuvant) (MAG, 2019a).

Import data for fertilizers, herbicides, insecticides, and
fungicides indirectly reflect their use through market
demands, although there is probably a time lag of a
few weeks between the date of import and the date
of application due to the movement of merchandise.
Monthly imports of these products are shown in the
graphs below (Figure 2, Figure 3, raw data available |.A.
2) to analyze the dynamics of their use. The amounts of
imported fertilizers are 18 times higher than those of
pesticides. Fertilizer imports follow a logical “sawtooth”
pattern throughout the year, with a peak in July and an
amount imported 7 times higher than the average of
the other months of the year.

Aug Sep Oct Nov Dec Jan Feb

Fertilizers

Figure 2 Import dynamics of fertilizer in El Salvador from March 2018 to February 2019 (data sources MAG, 2019).
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Figure 3 Import dynamics of insecticides, herbicides, and fungicides in El Salvador from March 2018 to February 2019 (data sources MAG,

2019).

Herbicides are the most imported pesticides in the
country with the maximum during the months of April,
May, and June are the second months with the highest
levels of imports. Insecticides present a different
dynamic with 3 import peaks, including January, June,
and October. Fungicides correspond to three peaks in
the year, including September, January and June.

In general, imports of fertilizers and pesticides are
strongly associated to the weather with a maximum
of imports especially in the raining season; when
corn, beans, sorghum, and other crops are planted (G.
Sandoval, personal communication, 2019).

In sugar production, fertilizers are applied 150 days
after harvest between March and July (Medardo &
Molina, 2016). Moisture is essential for plants to absorb
fertilizers more easily through their root systems and
to prevent the products from evaporating before they
enter the soil and plants (Sandoval, 2019). This is also

the case for pesticides, which are imported during the
months of April, May, and June, at the beginning of
winter; when they are most requested by producers
and governmental and non-governmental institutions
(Sandoval, 2019).

2.3.2 Quantities of Active Ingredients used in
2018-2019.

The agricultural product registry of El Salvador includes
1,429 commercial products, involving 893 pesticides
for agricultural use, 434 fertilizers and includes 102
biocides for domestic use (MAG, 2019a).

The 3603 commercial products imported and used in
the country between September 2018 and August 2019
were analyzed for their content of active ingredients with
pesticide action and used in agriculture (insecticides,
herbicides, fungicides, and rodenticides).
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Figure 4 List of active substances of herbicides used in El Salvador in quantities greater than 1 ton per year (sources of analyzed data MAG,
2019).
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Figure 5 List of insecticides by active substance used in El Salvador per year in quantities greater than 1 ton per year (data sources MAG,

2019).
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Figure 6 List of fungicides by active substance used in El Salvador per year in quantities greater than 1 ton per year (data sources MAG, 2019).

The active substances with herbicidal activity used in
quantities greater than one ton are shown in Figure 4.
The three most used active substances are 2,4-D (308
tons, phenoxy), glyphosate (251 tons, aminophosphonic)
and paraquat (200 tons, bipyridyl). In the second largest
group are atrazine (108 tons, triazines), diuron (70 tons,
urea) and ametryn (47 tons, triazine).

Regarding insecticides (Figure 5), the most used is
thiodicarb (carbamate) with a use of 34 tons (based on
MAG data analysis, 2019). It is followed by chlorpyrifos
(24 tons, organophosphate), imidacloprid (22 tons,
neonicotinoids), sulfoxaflor (20 tons, sulfoximine) and
terbufos (18 tons, organophosphate) (MAG, 2019b).

With respect to fungicides (Figure 6), the active
substances most used are carbendazim (23 tons,
benzimidazole) and mancozeb of the thiocarbamate
family (12 tons).

The following figures show the total consumption of
herbicides, insecticides, and fungicides by crop type
(Figures 7,8). These numbers are an estimate based
on the type of crop for which a commercial product
is registered, the active ingredient concentrations of
the product and the area cultivated by crop type as
explained in the methodology. The types of crops
considered are coffee, sugarcane, fruits (avocado,
cocoa, citrus, banana, mango, plantain, watermelon),
basic grains (rice, beans, corn, sorghum), vegetables
(squash, chili, chayote, potato, cucumber, cabbage,
tomato, zucchini) and others (cotton, etc.).

Figure 8 shows that the highest consumption of
herbicides is dedicated to the production of basic grains
(60%), sugarcane (29%) and coffee (10%). The total
consumption of active ingredients with insecticidal
activity is also mainly concentrated in the production of
basic grains (65%), followed by coffee (12%) fruits (11%)

GO0 D VTGN YDESHROLOENSALD
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CULTIVATION AREA

Vegetables

14,453 Mz

Basic grains
625,500 Mz

Coffee
20,000 Mz

Sugarcane
115,708 Mz

Fruits
36,778 Mz

Figure 7 Total area under cultivation in El Salvador (MAG, 2019)

and finally sugarcane (6%) and vegetables (6%). As for
fungicides, the main consumer is coffee crops (55%),
then basic grains production (23%) and finally fruits
(13%) and sugarcane (1%).

It is important to note that MAG statistical yearbook
2018-2019, basic grains production corresponds to
62%, coffee 20%, sugarcane 12%, fruit trees 4% and
vegetables 1% of the total cultivated area in El Salvador
(1,001,032 manzanas) (Figure 7).

This means that, per unit of cultivated area sugarcane
crops absorb about 2.6 times more herbicides than
basic grains. In terms of insecticides, fruit plantations
absorb 11% of total, although they only account for 4%
of the cultivated area. Most fungicides used are applied
on coffee crops and a small proportion is used on
sugarcane fields. This is because coffee plantations are
located at high altitudes and are more prone to fungal
infections.

Within the same use group, such as herbicides some
active ingredients are used more for certain types of

crops than for others. Staple grain crops represent for
between 50% and 72% of the consumption of the 3
most used herbicides (2,4-D, glyphosate and paraquat)
(Figure 9). Sugarcane crops occupy more 2,4-D and
glyphosate than paraquat, which is used more in staple
grain crops.

As for insecticides (Figure 10), thiodicarb is used almost
exclusively on staple grain crops. Chlorpyrifos is also
used in staple grain production (57%), followed by
vegetables (18%), sugarcane (14%) and coffee (10%).
Imidacloprid is mainly used for staple grain (81%),
followed by sugarcane (12%) and coffee (4%).

Consumption of the three main active ingredients with
fungicidal action is found mainly in coffee plantations,
which account for 51%-71% of their uses (Figure 11). In
the case of carbendazim, use is concentrated in second
place in basic grains (15%) and fruit trees (11%). As for
mancozeb, it is used in second place for fruit trees
(24%) and then for vegetables (15%). Propineb is used
secondarily on staple grains as carbendazim.
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HERBICIDES INSECTICIDES
Coffee Vegetables Coffee
10% 6% 12%

Sugarcane
6%
Fruits

Sugarcane 11%
29%
Basic grains
60%
Fruits Basic grains

1% 65%

Figure 8 Total consumption of active ingredients of substances used as herbicides, insecticides, and fungicides by crop type.
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Figure 9 Consumption of the three main active ingredients used as herbicides.
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Figure 10 Consumption of the three main active ingredients used as insecticides.
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Figure 11 Consumption of the three main active ingredients used as fungicides.
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2.3.3 Use of Agrochemicals during the Sugarcane
Production Cycle

The sugarcane production cycle consists of different
stages in which chemicals of synthetic or natural
origin can be used on crops. Fertilizers are applied to
the fields to enrich the soil with essential elements
to promote crop growth. Pesticides can be used for
various purposes, including controlling weed growth in
competition with crops, controlling certain pests or as
a ripening agent?.

Sugarcane is a semi-evergreen herbaceous plant with a
growing cycle of 5 to 7 years (Hughes et al., 2016; Moret,
2014). Cycles beginning with a planting are referred to
as “virgin” and the following 5 to 7 cycles are referred
to as “regrowth” cycles. The crop and phenological
cycle include several stages, including soil preparation,
planting of cuttings, sprouting, root development, stem
emergence (tillering), vegetative growth, maturation,
germination, and harvest. The following cycles begin
with sprout emergence (Moret, 2014; NAD, 2019a).

Soil preparation involves several plowing steps aimed
at optimizing the air-water ratio in the soil, providing
good physical conditions for root anchorage, manure
incorporation, destruction of unwanted grasses, and
promotion of microorganism activity (NAD, 2019a).

Soil enrichment in large-scale production is generally
not done by manure, but by mineral fertilizers (Figure
12) such as nitrogen fertilizers (urea, ammonium nitrates
or ammonium sulfates), phosphorus (ammonium
phosphate) and the addition of potassium salts (KCl)
(Hughes et al., 2016). Soils can also be enriched with
some essential elements such as boron, copper, iron,
manganese, zinc, and sulfur (NAD, 2019b). These
chemical elements in the form of salts are applied in
solid form directly into the soil or in liquid form after
dissolution in water (Disagro, 2011). Depending on
the cultivation methods, a first soil treatment with
phosphorus and lime (CaO) is carried out 2 months
before planting the cuttings (RITA, 2015).

Throughout the tillering phase, sugarcane is very
demanding in terms of fertilizers and a new fertilizer

application can be made 30 days and 60 days after
germination (RITA, 2015). During its growing period,
different phytosanitary treatments are applied for
the control of different pests such as the Pinta fly
(Aeneolamia postica) or the screwworm (Diatraea
saccharalis) (Hughes et al., 2016). This fly is treated with

g
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Figure 12 Type of fertilizer found around sugarcane fields (UNES©
photo).

4 An organic compound that, when applied in small amounts, inhibits, promotes, or modifies in some way, physiological processes of the plant (Arcila, 1990).
In sugarcane, these compounds act as growth regulators that favor higher sucrose concentration.” (p. 154, Medardo & Molina, 2016)
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insecticides containing for example, thiamethoxam or
the neonicotinoid imidacloprid (Hughes et al., 2016).
Grub is treated with insecticides such as triflumuron
(Bayer CAC, 2019a), carbofuran and bifenthrin (Hughes
et al.,, 2016). Sugarcane can be subject to multiple pests
of other types (different types of borers, whiteflies,
termites, mealybugs, grasshoppers) and diseases
(bacterial, viral, fungal) that may involve other types of
pesticides (NAD, 2019¢; Werner, 2018).

In the growing season, constant weeding is practiced
with different herbicides used individually or in
combination, such as 2,4-D, atrazine, glufosinate-
ammonium, glyphosate, paraquat and triazine (Bayer
CAC, 2019b; Hughes et al., 2016).

Harvesting, also called “zafra”, takes place from
November to April (HRW, 2004). From 28 to 49 days
before harvest, ripening agents are applied to stop cane
growth, wilt leaves, and concentrate sugar (Hughes et
al., 2016). The products generally applied aerially are
Roundup Weather-MAX® and Roundup Power MAX [|®
with glyphosate as the main active substance (Oregon
et al.,, 2017). One day before harvest, fields are burned
to remove plant foliage prior to cutting (HRW, 2004).
The technique of harvesting without burning the field
is called “zafra green” and corresponds in 2011-2012
to 2.5% and in 2012-2013 to 7.2% of the country’s
sugarcane crops (MAG, 2012, 2013; MARN, 2013c). The
same sugarcane plant has a useful life of 5 to 7 harvests
before being renewed (Hughes et al., 2016).

Table 5 compiles the substances used for sugarcane
production reported in different studies conducted
in Central America, Africa, and Australia (Armas et al.
2005; Davis et al., 2013; Donga et al. 2018, Lehtonen
2009; Mitchell et al. 2005; Ongley, 1997; Pankhurst,
2006) as well as two FAO s documents that include the
inventory of pesticides used on sugar crops (Ongley,
1997) and the management of weeds used on sugar
crops (Labrada et al. 1996).

The list of substances reported in the literature has been
updated from the 2019 register of agricultural products
and fertilizers obtained from the Direccidn General de
Sanidad Vegetal y Animal (General Directorate of Plant
and Animal Health). The active substances are shown in
table 5 according to type of use and by chemical group.

In El Salvador, 59 active substances are registered for
use in sugarcane cultivation. These 59 substances
consist mainly of herbicides (35) and insecticides (17),
some of which have nematicide and acaricide effects,
and finally fungicides (4) and rodenticides (3).

Only 3 registered herbicides are contact herbicides,
meaning that they only damage the treated plant part
(Au, 2003). This type of herbicide should be applied in
sufficient quantities to cover the entire foliage of the
target weed (M. Singh & Sharma, 2008, p. 16). Three
contact herbicides have been registered in El Salvador,
including paraquat which induces free radicals in the
treated plant that interfere with lipid synthesis. Most of
the registered herbicides are selective or translocation
herbicides. This means that these molecules enter
through the root system or in the weed foliage migrate
toanother part of the plant to exert their effect. Selective
herbicides act by disrupting the cellular functioning
of the plant for example, by inhibiting photosynthesis
(e.g., diuron, atrazine), modifying protein structures
or dysregulating cell division, protein synthesis (e.g.,
asulam) or lipid synthesis (Au, 2003).

The insecticides used for sugarcane treatment
belong to the main chemical groups of carbamates,
neonicotinoids, organophosphates and pyrethroids.
The action in humans of most of these compounds is
directed at the nervous system by inhibiting the enzyme
involved in synaptic transmission (acetylcholinesterase)
or by deregulating the sodium channels involved in
electrical transmission in the central and peripheral
nervous system. These inhibitors prevent the
transmission of nerve impulses, leading to paralysis
and death. Some other insecticides used inhibit the
synthesis of chitin necessary for the formation of insect
exoskeletons such as benzoylureas or disrupt the
molting of insect larvae such as tebufenozide.

In fungicides, we find strobilurins, which are cellular
respiration inhibitors directed at mitochondrial
cytochromes. We also found that sterol inhibitors are
necessary for cellmembrane formation such as triazoles
and cell division inhibitors such as benzimidazole.
Three rodenticides can be applied in sugarcane fields
such as brodifacoum, coumatetralyl, flocoumafen. All
are anticoagulant agents.
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Table 5 List of Active Substances included in the National Registry of Crop Protection Products used in the production of sugarcane and their action mode.

Active ingredients CAS Chemical group Mode of action Reference
Fungicides
Carbendazim 10605-21-7 Benzimidazol Systemic. Inhibition of mitosis and cell division. (K. Lewis et al., 2016)
Pyraclostrobin 175013-18-0 Estrobilurina Systemic. Respiration inhibitor. (K. Lewis et al., 2016)
Azoxystrobin 131860-33-8 Estrobilurina Systemic. Respiration inhibitor. (K. Lewis et al., 2016)
Cyproconazole 94361-06-5 Triazol Systemic. An inhibitor of ergosterol biosynthesis. (K. Lewis et al., 2016)
Herbicides
2,4-Dichlorophenoxyacetic acid 94-75-7 Phenoxy ;S))rlztc;al:?t(l:on .IZ;:::?;;Suntc):.lg;ilrnc:lrl]::sce;ngivis?ctyr;]yl:zg (aE_X;gi(s’\)lET' 2013; K. Lewis et
thus damaging vascular tissue. '
Acetochlor 34256-82-1 Chloroacetamide | Systemic. Inhibition of cell division. %hsﬁi&i;ogg) S AU T
Ametrine 834-12-8 Triazine Systemic. Inhibits photosynthesis (photosystem ll). (K. Lewis et al., 2016)
Amicarbazone 129909-90-6 Triazolinone ﬁ)‘_’”tad' Inhibition of photosynthesis (photosystem (K. Lewis et al,, 2016)
Asulam 3337-71-1 Carbamate Systemic. Causing slow chlorosis. (K. Lewis et al., 2016)
Atrazine 1912-24-9 Triazinea Systemic. Inhibits photosynthesis (photosystem lI). (K. Lewis et al., 2016)
Systemic. Absorbed by roots and translocated.
Bentazone 25057-89-0 Thiadiazine Oxidative damage due to lack of vitamin E, destruction (K. Lewis et al., 2016)
of chlorophyll.
Carfentrazone 128621-72-7 Triazolinone Contact. Cell membrane interruption. (K. Lewis et al., 2016)
Clethodim 99129-21-2 Cyclohexandione oxime | Systemic. Inhibits the synthesis of amino acids. (K. Lewis et al., 2016)
Clomazone 81777-89-1 Isoxazolidinone Systemic. Inhibition of carotenoid synthesis. (K. Lewis et al., 2016)
Diuron 330-5a4-1 Urea .Snyﬁ.tf.'{?,!i, ;E;féi’;:tﬁgsfshe roots, it acts by strongly (K. Lewis et al,, 2016)
Ethoxysulfuron 126801-58-9 Sulfonylurea Sistémico. Inhibe la sintesis de aminoacidos. (K. Lewis et al., 2016)
Fluazifop 69335-91-7 Aryl propanoate Systemic (K. Lewis et al., 2016)
Glyphosate 1071-83-6 Phosphonoglycine Systemic. Inhibits the synthesis of amino acids. (K. Lewis et al., 2016)
Glufosinate Ammonium 77182-82-2 Phosphonic gr?gttg:;ntr?:gs af};”gf{}i’;mi;y:tsey’:tiﬁése'.”hibiti°” of (K. Lewis et al,, 2016)
Hexazinone 51235-04-2 Triazinone (Sg;;etr:si;,ste:nolrll)-.selective. D (K. Lewis et al., 2016)
Imazapic 104098-48-8 Imidazolinone Systemic. Inhibits the synthesis of amino acids. (K. Lewis et al., 2016)
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Active ingredients CAS Chemical group Mode of action Reference
imazapyr 81334-34-1 Imidazolinone Systemic. Inhibits the synthesis of amino acids. (K. Lewis et al., 2016)
Indaziflam 950782-86-2 Fluoroalkyltriazine Systemlc, . non-selective. Inhibits cellulose (K. Lewis et al., 2016)

biosynthesis.
Isoxaflutole 141112-29-0 Oxyacetamide Systemic. Inhibits the synthesis of amino acids.
MCPA
(2-.methyl-4-chlorophenoxyacetlc 94-74-6 Aryloxy alkanoic acid Sys_tgmlc. Interferes with protein synthesis, cell (K. Lewis et al., 2016)
acid) division and plant growth.
Mesotrione 104206-82-8 Tricetone Systemic. Inhibits the synthesis of amino acids. (K. Lewis et al., 2016)
Metribuzin 244-209-7 Triazinone Systemic. Inhibits photosynthesis (photosystem lI). (K. Lewis et al., 2016)
Metsulfuron methyl 74223-64-6 Sulfonylurea Systemic. Inhibits the synthesis of plant amino acids. (K. Lewis et al., 2016)
Oxifluorfen 42874-03-3 Dimethylether | SyStemic. Selective with contact action. Causing (K. Lewis et al, 2016)
irreversible damage to the cell membrane.
Contact. Broad spectrum, non-residual activity with
Paraquat 4685-14-7 Bipyridyllium contact and some desiccant action. Photosystem | (K. Lewis et al., 2016)
inhibitor.
Systemic. Selective, absorbed by roots and leaves.
Pendimethalin 40487-42-1 Dinitroaniline Inhibition of mitosis and cell division. Inhibition of (K. Lewis et al., 2016)
microtubule assembly.
. N0 - Systemic. Selective, systemic, absorbed by roots and .
Picloram 1918-02-1 Pyridina leaves and translocated. Plant growth inhibition. (K. Lewis et al, 2016)
S-metolachlor 87392-12-9 Chloroacetanilide Systemic. Inhibition of cell division. (K. Lewis et al., 2016)
Terbutryn 886-50-0 Triazine Systemic. Inhibits photosynthesis (photosystem II). (K. Lewis et al., 2016)
A Systemic. Oxidative damage due to lack of vitamin E, .
Topramezone 210631-68-8 Benzoylpyrazole destruction of chlorophyl. (K. Lewis et al., 2016)
Trifloxisulfuron 145099-21-4 Sulfonylurea Systemic. Inhibits the synthesis of plant amino acids. (K. Lewis et al., 2016)
Insecticides
Systemic with contact and stomach action. .
Acephate 30560-19-1 Organophosphate Acetylcholinesterase (AChE) inhibitor. (K. Lewis et al., 2016)
Bifenthrine 82657-04-3 Pyrethroid Contact. Prevents the closure of voltage-gated (K. Lewis et al., 2016)
sodium channels in axonal membranes.
Systemic with contact and stomach action. .
Carbofuran 1563-66-2 Carbamate Acetylcholinesterase (AChE) inhibitor. (K. Lewis et al., 2016)
Carbosulfan 55285-14-8 Carbamate Systemic with ~contact ‘and stomach action. (K. Lewis et al,, 2016)

Acetylcholinesterase (AChE) inhibitor.
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Active ingredients CAS Chemical group Mode of action Reference
Exhibits larvicide activity as an orally ingested toxicant
Chlorantraniliprole 500008-45-7 Anthranilic diamide by targeting and disrupting Ca2+ balance; causes (K. Lewis et al., 2016)
impaired regulation, paralysis, and ultimately death
. . Broad spectrum with contact and stomach action. .
Fipronil 120068-37-3 phenyl pyrazole GABA chloride channel antagonist. (K. Lewis et al., 2016)
Cypermethrin 52315-07-8 Pyrethroid Contact. Prevents the closure of voltage-gated (K. Lewis et al., 2016)
sodium channels in axonal membranes.
. Systemic with contact and stomach action. .
Chlorpyrifos 2921-88-2 Organophosphate Acetylcholinesterase (AChE) inhibitor. (K. Lewis et al., 2016)
. . 138261-41-3, T Systemic with contact and stomach action. .
Imidacloprid 105827-78-9 Neonicotinoid Acetylcholine receptor agonist (nAChR). (K. Lewis et al, 2016)
Lambda cyhalothrin 68085-85-8 Pyrethroid Contact. Prevents the closure of voltage-gated (K. Lewis et al, 2016)
sodium channels in axonal membranes.
Novaluron 116714-46-6 Benzoylurea Chitin synthesis inhibitor, insect growth regulator. (K. Lewis et al., 2016)
It accelerates the molting of lepidopteran larvae,
Tebufenozide 112410-23-8 Hydrazine which stop feeding within a few hours of exposure (K. Lewis et al., 2016)
and then go through a lethal molt.
Systemic with contact and stomach action.
Terbufos 13071-79-9 Organophosphate Acetylcholinesterase (AChE) inhibitor. (K. Lewis et al., 2016)
Insecticide and nematicide.
Thiamethoxan 153719-23-4 Neonicotinoid Systemic with contact and stomach  action. (K. Lewis et al,, 2016)
Acetylcholine receptor agonist (nAChR).
Thiocyclam-h-oxalate 31895-22-4 Trithiane Selective, it blocks nicotinic acetylcholine in- the (K. Lewis et al., 2016)
central nervous system.
Triflumuron 64628-44-0 Benzoylurea Chitin synthesis inhibitor, insect growth regulator. (K. Lewis et al., 2016)
Rodenticides
Brodifacoum 56073-10-0 Coumnarin Inhibits the enzyme vitamin K epoxy reductase. Itis an (K. Lewis et al,, 2016)
anticoagulant.
Coumatetralyl X5836-29-3 Coumarin Inh!blts the enzyme vitamin K epoxy reductase. Itis an (J. Routt Reigart et al., 2013)
anticoagulant.
Flocoumafen 90035-08-8 Coumarin Inhibits the enzyme vitamin K epoxy reductase. It is an (K. Lewis et al., 2016)

anticoagulant.
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The following graphs summarize the quantities of the
main herbicides and insecticides applied in sugarcane
fields in 2019. According to the calculations made by
cultivated areas, the herbicides applied in most of the
sugarcane fields are diuron (69.3 tons), 2,4-D (68.5
tons) and glyphosate (50.8 tons) (Figure 13).

The insecticides mainly applied in the sugarcane fields
are chlorpyrifos (3.3 tons), imidacloprid (2.7 tons) and
terbufos (1.9 tons) (Figure 14). As for fungicides, these
are triadimenol (340 kg) and pyraclostrobin (12 kg).

2.4 Conclusion

The value of annual agrochemical imports in El
Salvador is equivalent to USS$55 million in pesticides
and fertilizers. The most used pesticides are 2,4-D,
glyphosate and paraquat for herbicides and thiodicarb,
chlorpyrifos and imidacloprid for insecticides. In Central
America, El Salvador (1,515 tons) is a modest consumer
of pesticides compared to Costa Rica (10,547 tons) and
Guatemala (10,547 tons) (Bravo et al., 2011). However,
these numbers depend on the area cultivated, the type
of crop and the way it is grown. For example, in 2004 El
Salvador consumed 70% more pesticide per cultivated
hectare than Nicaragua, but 12 times less pesticide
per cultivated hectare than its counterpart Costa Rica
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(Bravo et al., 2011). Agrochemical use in El Salvador is
interrupted by crop cycles that include massive fertilizer
use in July and pesticide use between April and August.

Regarding absolute consumption, basic grains
production is the leading consumer of herbicides and
insecticides in the country, and this is explained by the
fact that these crops account for 65% of the cultivated
areas. However, herbicide consumption per unit area
is approximately 2.6 times higher in sugarcane fields
than in basic grains. Coffee crops are the largest
consumers of fungicides. This disparity in herbicide use
in sugarcane compared to basic grains in El Salvador is
important to note because it implies that the sugarcane
worker is much more exposed to the effects of these
chemicals than the basic grains worker, although both
can suffer from their effects.

Conventional sugarcane crops use synthetic pesticides
and mineral fertilizers during land preparation, plant
growth and often prior to harvest to increase sugar
yields. Of the 287 pesticide formulations registered for
sugarcane crops by MAG, 134 were imported and used
between August 2018 and September 2019. Most active
ingredients used are herbicides (diuron, 2,4-D, paraquat)
followed by insecticides (chlorpyrifos, imidacloprid and
terbufos).
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Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Identification of the Hazards of the Active
Substances used in Sugarcane Plantation

3.1 Introduction

Hazard identification of active substances is the first
step in the risk assessment of chemicals. It involves the
identification of the inherent hazards of each substance
to human health and the environment. The next step
after hazard identification is the characterization
of human and environmental exposure to these
substances. Hazard identification followed by exposure
characterization defines the risk associated with the
use of pesticides or other chemicals.

The first step in this chapter was to define the different
hazard indicators for human health and the aquatic
environment including, surface waters and aquifers
and to obtain an overview of the substances of greatest
concern a scoring system was developed to highlight
the substances. It is important to note that exposure in
other environmental phases such as soil, air and food
has not been considered in this study

3.2 Methodology
3.2.1 Identification of Human Health Hazards

Different parameters for acute and chronic toxic effects
were considered to identify the hazards of each active
substance. The general parameters selected are based
on the criteria to be provided for human health risk
assessment when registering pesticides in the United
States (Damalas & Eleftherohorinos, 2011) and in Europe
(ECHA, 2019). Hazard identification is the evaluation
of the inherent ability of a substance to cause adverse
human health effects (ECHA, 2019). Many of the
potential toxic effects tested in the European Union
and the United States are the same, although legally
recognized standardized laboratory tests may differ.
As part of this work, no assessment of the reliability
and relevance of the toxicological study results was
carried out because the results included in this work
are from official agency reports or scientific reports
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from agencies such as the World Health Organization
(WHO), the European Food Safety Authority (EFSA), the
European Chemicals Agency (ECHA), the United States
Environmental Protection Agency (US-EPA), where
toxicological data quality assessment has already been
carried out. An exception was made for variables of
evaluation that were not found in the official reports
and that seemed important in the Salvadoran context,
such as nephrotoxicity or deleterious effects on the
kidneys. The reasons for this are based on the large
and increasing incidence of chronic kidney disease in
El Salvador, especially that known as CINAC (Chronic
Interstitial Nephritis in Agricultural Communities),
which is widespread in communities associated with
sugarcane cultivation (Vandervort et al., 2014) and other
agricultural communities in El Salvador (e.g., Orantes et
al.,, 2017).

Unfortunately, it has not been possible to compile
official positions such as the immunotoxicity of
substances, because this information is not available
or there is hardly available and no database has been
found that systematizes such information. According
to ECHA (2013), indicators of the effect of substances
on the immune system are currently being discussed
in different scientific groups (ECETOC, IPS, etc.). The
only integrated effects that are partially related to
immunotoxicity are the cases of skin and respiratory
organ sensitization reported in the ECHA database.
In addition to the commonly considered criteria for
assessment, the evaluation of effects on the liver and
the biliary system was carried out when assessing the
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cumulative effects of certain pesticide groups, including
neurotoxic effects and effects on reproduction and
development (EFSA, 2013).

Criteria for identifying human health hazards include
acute, subchronic and chronic effects. Some of
these effects may be considered purely acute (e.g.,
lethal doses) or chronic (e.g., carcinogenicity), while
others may have short- and long-term effects (e.g.,
neurotoxicity).

Acute toxicity:

Is judged by the lethal dose at 50% of the population
(LD50) of rats (skin and oral) in laboratory tests. The
toxicity threshold has been established according to
the category of the Globally Harmonized System of
Classificationand Labeling of Chemicals (GHS). Category
3 corresponds to a description “toxic if swallowed” and
“toxic in contact with skin” corresponding to an LD50
(oral) 50-300 mg/kg bw (body weight) and an LD50
(dermal) 200-1000 mg/kg bw. These thresholds were
selected because they are the "hazard” threshold in
the GHS system. LD50 data were obtained from the
World Health Organization (WHO) document on the
classification of hazardous pesticides (WHO, 2010b).
Missing substances have been completed from the
United States Environmental Protection Agency

pesticide registration review dossiers. (US-EPA, 2019)
and the Pesticide Properties Database (K. Lewis et al,,
2016).
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Irritation and corrosivity:

The irritant or corrosive potential of a substance is
assessed according to the GHS classification of the
ECHA database (ECHA, 2019). Irritation is assessed
according to the ability of a substance to cause local
inflammation after a single exposure. Corrosivity of a
substance is assessed according to its ability to destroy
tissue (ECHA, 2013).

Skin and respiratory system sensitization:

Skin sensitization caused by a substance determines
its ability to cause allergic reactions (ECHA, 2013).
Hypersensitivity of the respiratory system does not refer
to a specific mechanism of toxicity but to symptoms
such as asthma (ECHA, 2013). The corrosivity of a
substance is assessed in terms of its ability to destroy
tissue (ECHA, 2013).

Endocrine disruptors:

For this hazard assessment criterion, the European
Commission (EC) definition has been used. According
to Okkerman & van der Putte (2002): “"An endocrine
disruptoris a substance or exogenous mixture that alters
the function(s) of the endocrine system and therefore
causes adverse health effects in an intact organism, or
in its progeny or (sub)populations”.

The 435 substances evaluated in this research for
the European Commission were compared and
included in the database. Pesticides that meet the
characteristics of category 1 (at least one study shows
that it is an endocrine disruptor in an intact organism)
or 2 (potential endocrine disruptor based on in vitro,
in vivo, or structural analysis tests) have been reported
as endocrine disruptors. Substances in categories 3a
(no scientific basis for listing an endocrine disruptor)
and 3b (no data) have not been marked for this hazard
characteristic.

Carcinogenicity:

Is a parameter for judging whether a substance or
mixture of substancesinducesorincreasestheincidence

of cancer. Cancer is characterized by an “uncontrolled
growth of altered cells with the ability to migrate from
their original site to another location in the body”
(Stepa et al., 2019). The 34 substances were searched in
the database of the International Agency for Research
on Cancer (IARC, 2019), European Chemicals Agency
(ECHA, 2019), pesticide properties database (K. Lewis et
al.,, 2016) and the specific files of the U.S. Environmental
Protection Agency. The selected pesticides are
substances classified as carcinogenic (IARC Class 1. or
US-EPA Class A.), probably carcinogenic (IARC Class 2A
or B. US-EPA) and possibly carcinogenic (IARC Class 2B
or C. US-EPA). Substances in categories that are not
classifiable as carcinogenic (IARC or D US EPA Class 3)
and probably not carcinogenic (IARC or E US EPA Class
4) have not been flagged for this hazard characteristic.

Mutagenicity:

The mutagenicity of a substance is its ability to induce
genetic modifications in the exposed organism. Some
of these mutations have no effect, while others may
adversely affect the target cell. If the affected cell is
a germ cell, it can affect several generations causing
fertility problems, malformations, genetic diseases,
etc. It can also lead to cancers (Stepa et al, 2019).
The 34 substances were searched in the Chemical
Carcinogenesis  Research  Information  System
(CCRIS, 2019) to verify if there are positive results
of standardized mutagenicity tests. If so, additional
research was conducted in an official organ registry
file to consult the interpretation made by a specialist
on this characteristic (US-EPA and Australian Pesticides
and Veterinary Medicines Authority) (APVMA, 2019).

Reproductive Toxicity:

Is defined as “all the harmful effects that a substance
may have on the reproductive cycle, the reproductive
functions of males and females and on the
fetus”(Nikolaidis, 2017). The reproductive toxicity data
wereimported directly from the externalscientificreport
published in 2013 to the European Food Safety Authority
(EFSA, 2013). The evaluation criteria of this report are
based on effects on embryo/fetal development until
sexual maturation and effects on sexual function and
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fertility (EFSA, 2013). Missing substances were searched
for in the U.S. Environmental Protection Agency's
substance-specific files, the World Health Organization
report, and the California Environmental Protection
Agency’'s Office of Environmental Health Hazard
Assessment reports (OEHHA, 2019) and the Pesticide
Properties Database (K. Lewis et al., 2016).

Neurotoxicity:

Is defined as (Nielson et al., 2012) “any adverse effect on
the structure or function of the nervous systemrelated to
exposure to achemical”. Neurotoxicity may be indicated
by morphological changes (structural) in the central or
peripheral nervous system or specific sensory organs,
neurophysiological (e.g., electroencephalographic
changes), behavioral (functional) and/or neurochemical
(e.g., neurotransmitter levels) changes. Symptoms of
neurotoxicity may appear immediately after exposure
or later. The list of 34 active substances has been
updated in terms of their neurotoxic effects according
to the scientific report submitted to the European Food
Safety Authority (EFSA, 2013). The missing substances
have been completed according to the US EPA approval
files.

Effects on the liver:

Including the biliary system: Substances with a harmful
effect on the liver and biliary system were compiled
based on the evaluation of the scientific report (EFSA,
2013). The studies considered in this work are substances
targeting the liver and bile with reported effects such as
degeneration and cell death, hypertrophy, cholestasis,
among others (EFSA, 2013). Only substances with
evidence of adverse effects on the liver and biliary
system were selected.

Nephrotoxicity and kidney effects:

This indicator is based on research conducted in the
TOXNET (Toxicological Data Network) of the United
States National Library (TOXNET, 2019). Retained
substances with a potentially toxic effect on the
kidneys are substances that directly damage this organ
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through atrophy, necrosis, deterioration. Toxicological
studies reporting loss of kidney function and increased
incidence and severity of kidney disease were also
included.

3.2.2 Human Health Scoring System

The 12 human health toxic effect criteria detailed
in the previous chapter including carcinogenicity,
mutagenicity, reproductive  toxicity, endocrine
disrupting, kidney, liver, neurotoxicity, acute toxicity,
skin irritation/corrosion, eye irritation/corrosion,
skin sensitization, respiratory hypersensitivity was
integrated into a scoring system. In general, for each of
the criteria a score of 1 point was given if the substance
met the threshold established in the previous chapter.
Two exceptions were made. First, for the criteria “Eye
irritation/corrosion” and  “Skin irritation/corrosion”
a score of 0.5 was given for irritant substances and a
score of 1 for corrosive substances, i.e., a higher degree
of hazard. Secondly, to integrate proportionality in
terms of toxic potential, substances in GHS toxicity
classes 1 (fatal), 2 (lethal) and 3 (toxic) were scored with
3 points, 2 points and 1 point. The scores for each active
substance were calculated per use class and the final
score was determined (Table 6).

3.2.3 Hazard Identification for the Aquatic
System

The hazard identification is mainly based on the
persistence, bioaccumulation, and toxicity (PBT)
indicators used by the European Chemicals Agency
(ECHA, 2017b) and the US Environmental Protection
Agency (US EPA, 2008). The use of PBT substances or
so-called very persistent and very bioaccumulative
substances (vPvBs) is of great concern because they
can persist in the environment for long periods of time,
accumulate in living organisms and affect the proper
functioning of the ecosystem (EMA, 2014).

In addition to these basic parameters, the mobility
capacity of each substance from the soil to the aquifer
was also included. This parameter was added according
tothemethodology for prioritizing emerging substances
of the NORMAN network (Network of reference
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laboratories and related organizations for monitoring
and biomonitoring of emerging environmental
substances).

The definition and thresholds used to distinguish
a substance as toxic, persistent, very persistent,
bioaccumulative or very bioaccumulative are given
below:

Persistence:

The lifetime of a chemical in different environmental
compartments such as marine and freshwater,
sediment, and soil. The persistence of a substance
also characterizes the type of degradation it
undergoes (hydrolysis, photolysis, biodegradation,
etc.). The thresholds used are those used for pesticide
registration in the European Union (ECHA, 2017b)
supplemented by those of the NORMAN network.
Substances are evaluated according to their half-life
in these compartments, meaning the time required
to degrade 50% of the substance. A substance is
considered persistent if its half-life is greater than one
of these thresholds, i.e., >60 days in marine waters;
>40 days in freshwaters and estuaries; >180 days in
marine sediments; >120 days in freshwater or estuarine
sediments or >120 days in soil. A substance is very
persistent if its half-life is:> 60 days in marine, fresh or
estuarine waters: > 180 days in fresh, salt, or estuarine
water sediments;> 180 days in soil (ECHA, 2017b), in
other words >60 days in all aquatic environments and
>180 days in all solid environments. To these thresholds
was added the threshold of potentially persistent
according to the NORMAN network threshold with
a half-life in water (fresh, marine, estuarine) of > 20
days or > 60 days in sediment (fresh, marine, estuarine)
(NORMAN, 2013).

Bioaccumulation:

According to ECHA (ECHA, 2017a, p.10): “Accumulation
is a general term for the net result of absorption (uptake),
distribution, metabolism and excretion (ADME) of a
substance in an organism.” Bioaccumulation in aquatic
organisms is estimated based on the bioconcentration
factor (BCF), which is the ratio of the concentration

of the substance in the aquatic organism to the
concentration of the substance in water. It is noted
that bioaccumulation considers all exposure pathways
(e.g., dietary) and BCF only considers that of the
aqueous phase (ECETOC, 1995). The ECHA thresholds
are characterized by a BCF > 2000 for bioaccumulative
substances and a BCF > 5000 for substances considered
to be very bioaccumulative. To these bioaccumulation
criteria have been added those of the NORMAN network
(NORMAN, 2013). In accordance with the NORMAN
network, a substance is potentially bioaccumulative if
the BCF > 500 (NORMAN, 2013).

Toxicity:

In line with ECHA (ECHA, 2017b), a substance is
considered toxic if it meets one of the following criteria:
NOEC (No Observed Effect Concentration) or EC10
(adverse effect concentration for 10% of organisms)
for marine and freshwater aquatic organisms <0.01
mg/L; substances that are carcinogenic (category 1A,
1B), germ cell mutagenic (category 1A, 1B) or toxic
to reproduction (category 1A, 1B or 2); substances
identified according to European regulations as having
specific target organ toxicity. To these toxicity criteria
have been added those of the NORMAN network
(NORMAN, 2013) for toxicity to aquatic organisms.

As stated in the NORMAN network, a substance is very
toxic if the PNEC < 0.01 pg/L (Predicted No Effect
Concentration), toxic if the PNEC < 0.1 upg/L and
potentially toxic if the PNEC < 1 pg/L (NORMAN, 2013).

This information has been gathered for each of the 39
active substances in the following order of sources:

1. C&L Inventory Database - ECHA, European
Chemicals Agency (ECHA, 2020).

2. Pesticides database of the European Commission
(EC, 2019a).

3. NORMAN database (Network of reference
laboratories, research centers and related
organizations for monitoring of emerging
environmental substances) (NORMAN, 2020).

4. Finally, to complete the missing information,
mainly data on the persistence of substances,
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investigations were performed on the official files
reviewed. These are mainly the EFSA (European
Food Safety Authority) and US EPA (United States
Environmental Protection Agency), files of the
European Commission for the elaboration of
environmental quality standards.

Mobility:

Substances that can potentially infiltrate the aquifer are
identified conforming to their persistence (DT50 soil
or water) and their potential not to adsorb on organic
carbon and clays present in the soil (mobility). Mobility
is estimated using the adsorption coefficient of the
substance with organic carbon (Koc) or the octanol-
water coefficient (Kow) (Kozel & Wolter, 2018).

3.2.4 Scoring System for the Aquatic System

To obtain an overview of substances with the
characteristics of most concern for the environment, a
PBMT score was computed according to the NORMAN
method. A score of 0.5 was assigned to substances
characterized as potentially persistent, potentially
bioaccumulative, potentially toxic and potentially
mobile. A score of 1 was assigned to substances
characterized as persistent, bioaccumulative, toxic
and mobile. A score of 2 was assigned to substances
characterized as very persistent, very bioaccumulative,
very toxic and very mobile.

3.3 Results

3.3.1 Identification of Hazards and Substances
of Concern for Human Health

For the acute toxicity indicator, seven substances were
identified that exceed the threshold characterized as
toxic if the substance is ingested or meets the skin. Of
these 7 substances, 3 are considered fatal (terbufos,
flocoumafen, coumatetralyl) and 4 are considered toxic
(paraquat, fipronil, lambda cyhalothrin, chlorpyrifos).
Flocoumafen and coumatetralyl are rodenticides with
anticoagulant activity, therefore they are at the top of
the list (Table 6).
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The herbicides on the list of substances under
consideration generally have a moderate to low
acute toxicity (lethal dose), which could be explained
by the fact that these substances have a toxic action
designed to inhibit plant metabolism (inhibition of
photosynthesis) (Table 5, chapter 2.3.3).

Among the herbicides, only paraquat is considered toxic
according to its acute toxicity level. Active substances
classified as toxic or lethal are mainly insecticides such
as fipronil, lambda cyhalothrin and chlorpyrifos. These
insecticides are mainly nerve agents targeting key
enzymes such as acetylcholinesterase and inhibiting
sodium channels involved in axonal transmission, also
present in humans (Colovi¢ et al., 2013; Corbel et al.,
2009).

The most frequent effects (Figure 15) for the 39 active
ingredients considered in descending order are harmful
effects on the reproductive system (27 substances),
liver and biliary system (24), endocrine disruptors (16).
The fourth reported effect includes substances toxic
to the kidneys (13 substances), including 10 herbicides
(2,4-dichlorophenoxyacetic acid, glyphosate, paraquat,
diuron, mesotrione, ametryn, atrazine, fluazifop,
picloram, topramezone) and 3 insecticides (fipronil,
imidacloprid and thiamethoxan). The intense use of
herbicides in sugarcane cultivation and the incidence of
CINAC seem to be explained by the effect of herbicides
on the kidneys.

Sixth and seventh among the reported effects are
neurotoxicity and carcinogenicity. Glyphosate has
been put in brackets because its carcinogenicity is still
under discussion in different expert groups such as the
International Agency for Research on Cancer (IARC)
and the European Food Safety Authority (SCAHT &
Ecotox Centre, 2018).

The possible and probably carcinogenic substances
include 7 herbicides (2,4-D, glyphosate, diuron,
s-metolachlor, isoxaflutole, pendimethalin, terbutryn)
and 1 insecticide (fipronil).

Not all the listed effects on human health can be
considered equally, while the fact that a substance
is carcinogenic should already serve to significantly
limit worker exposure, if not to replace it with a less
hazardous alternative (EASHW, 2004). Another example
is the mutagenic potential of some substances such
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as paraquat, lambda cyhalothrin and hexazinone. In
fact, if these genetic mutations occur in germ cells,
they can be inherited over several generations and
can lead to reduced fertility, malformations, genetic
diseases, and embryonic death (Stepa et al., 2019).
However, to prioritize active substances with multiple
hazard characteristics, a scoring system discussed in
subchapter 3.2.2 has been implemented.

The system of punctuation indicates that the active
substances that reveal, based on the scoring system and
current scientific knowledge, the greatest multiplicity
of hazardous characteristics for human health are
herbicides: 2,4-D (7), paraquat (5.5), glyphosate (5-
6), s-metolachlor (5) and diuron (5). Similarly, the
insecticides with the most hazardous characteristics
for human health are lambda cyhalothrin (7), fipronil (6),
terbufos (6), imidacloprid (5) and chlorpyrifos (4).

3.3.2 Identification of Hazards and Substances
of Concern to the Aquatic System

Information on the uses of the 39 active substances

30

25
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Number of active ingredients

(fungicides, herbicides, insecticides, insecticides,
growth regulators and rodenticides) is provided in
Appendix 10.3 (List of environmental hazards) of this
document.

From the information gathered and the analyses
performed, seven substances are very persistent

which  include four herbicides (indaziflam,
2,4-dichlorophenoxyacetic  acid, terbutryn and
paraquat), two insecticides (imidacloprid and

chlorantraniliprole) and one rodenticide (flocoumafen).
To these 7 substances are added 10 substances
considered persistent as defined in the previous chapter
among them 6 herbicides (atrazine, hexazinone,
metribuzin, ametryn, topramezone, picloram) and
4 insecticides (chlorpyrifos, fipronil, thiamethoxan,
lambda-cyhalothrin).

According to the indicator of bioaccumulation, three
substances are classified as very bioaccumulative
(flocoumafen, chlorpyrifos, imazapic) and
two substances as bioaccumulative (atrazine,
carfentrazone). Triflumuron and pyraclostrobin are
considered potentially bioaccumulative.
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Figure 15 Frequency of acute and chronic effects of the 39 active substances characterized.
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Table 6 Scoring and classification according to the hazard indicators of the active substances. Columns marked with a “1” are substances that meet the hazard class criteria established
in this research for the indicators of carcinogenicity, mutagenicity, reproductive toxicity, endocrine disruptor, renal toxicity, hepatic toxicity, neurotoxicity, acute toxicity, skin corrosivity,
eye corrosivity, skin and respiratory sensitization. Substances marked with a “0.5" are those that cause skin or eye irritation. Substances in the “acute toxicity” column marked with a 2"
or "3" are lethal substances (toxic and very toxic).
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Fungicides
Pyraclostrobin 175013-18-0 | 2 0 0 1 | o0 o | 1 o | o | o | o | 0o | o0
Herbicides
2,4-D 94-75-7 7 1 0 1 1 1 1 1 0 0 1 0 0
Paraquat 1910-42-5 55 0 1 0 1 1 1 0 1 0 05 0 0
Glyphosate 1071-83-6 5-6 (1) 0 1 1 1 1 0 0 0 1 0 0
S-metolachlor 51218-45-2 5 1 0 1 1 0 1 0 0 0 0 1 0
Diuron 330-54-1 5 1 0 1 1 1 1 0 0 0 0 0 0
Mesotrione 104206-82-8 4 0 0 1 0 1 1 0 0 0 0 1 0
Isoxaflutole 141112-29-0 4 1 0 1 0 0 1 1 0 0 0 0 0
Carfentrazone 128621-72-7 4 0 0 1 1 0 1 0 0 0 0 1 0
Pendimethalin 40487-42-1 4 1 0 0 1 0 1 0 0 0 0 1 0
Fluazifop 69335-91-7 3 0 0 1 0 1 1 0 0 0 0 0 0
Ethoxysulfuron 126801-58-9 3 0 0 1 0 0 1 0 0 0 0 1 0
Metribuzin 21087-64-9 3 0 0 1 1 0 1 0 0 0 0 0 0
Ametrine 834-12-8 3 0 0 0 1 1 0 0 1 0 0 0 0
Atrazine 1912-24-9 3 0 0 1 1 1 0 0 0 0 0 0 0
Picloram 1918-02-1 5 0 0 0 1 1 1 0 0 0 0 0 0
Hexazinone 51235-04-2 2.5 0 1 1 0 0 0 0 0 0 0.5 0 0
Clethodim 99129-21-2 2 0 0 1 0 0 1 0 0 0 0 0 0
Topramezone 210631-68-8 2 0 0 1 0 1 0 0 0 0 0 0 0
Metsulfuron methyl 74223-64-6 2 0 0 1 0 0 0 0 0 0 0 1 0
Glufosinate 77182-82-2 2 0 0 1 0 0 0 1 0 0 0 0 0
Ammonium
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Indaziflam 950782-86-2 2 0 0 0 0 0 1 1 0 0 0 0 0
Imazapic 104098-48-8 1 0 0 0 0 0 1 0 0 0 0 0 0
Terbutryn 886-50-0 1 1 0 0 0 0 0 0 0 0 0 0 0
Imazapir 81334-34-1 0.5 0 0 0 0 0 0 0 0 0 0.5 0 0
Insecticides
Lambda cyhalothrin 68085-85-8 7 0 1 1 1 0 1 1 1 0 0 1 0
Fipronil 120068-37-3 6 1 0 1 0 1 1 1 1 0 0 0 0
Terbufos 13071-79-9 6 0 0 1 1 0 0 0 3 0 0 1 0
Imidacloprid 138261-41-3 5 0 0 1 1 1 1 1 0 0 0 0 0
Chlorpyrifos 2921-88-2 4 0 0 1 1 0 0 1 1 0 0 0 0
Thiamethoxan 153719-23-4 3 0 0 1 1 1 0 0 0 0 0 0 0
Triflumuron 64628-44-0 2 0 0 1 0 0 1 0 0 0 0 0 0
Tebufenozide 112410-23-8 2 0 0 1 0 0 1 0 0 0 0 0 0
Chlorantraniliprole 500008-45-7 0 0 0 0 0 0 0 0 0 0 0 0 0
Growth regulator
Ethephon 16672-87-0 5 0 0 1 0 0 1 1 0 0 0 0 0
Trinexapac-ethyl 95266-40-3 2 0 0 1 0 0 1 0 0 0 0 0 0
Rodenticides
Flocoumafen 90035-08-8 4 1 3
Coumatetralyl 5836-29-3 3 1 2
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The substances considered highly toxic to the
environment are 2 herbicides (indaziflam, metsulfuron
methyl), 4 insecticides (imidacloprid, fipronil, lambda
cyhalothrin, terbufos) and 1 rodenticide (flocoumafen).
To these 7 highly toxic substances are included 10
other active ingredients considered toxic among them
8 herbicides (2,4-D, terbutryn, paraquat, hexazinone,
metribuzin, imazapyr, isoxaflutole, pendimethalin)
and 2 insecticides (chlorpyrifos, triflumuron).
Potentially toxic substances total 10 including one
fungicide (pyraclostrobin) and 9 herbicides (atrazine,
carfentrazone, ametryn, topramezone, diuron,
ethoxysulfuron, s-metolachlor, clethodim, fluazifop).

Substances considered “highly mobile”, i.e., not strongly
adsorbed on soil, and easily desorbed by rainfall
and reaching watercourses or aquifers include 26
substances. This total includes 18 herbicides (see list in
appendix 11.3), 3 insecticides and 2 growth regulators.
Seven substances are considered “mobile” including 1
fungicide, 4 herbicides and 2 insecticides.

The graph below (Figure 16) summarizes the number of
active ingredients with one or more of the hazardous
properties. Special attention should be paid to PBT
and vPvB (very persistent and very bioaccumulative)
substances. PBT substances are of great concern
because they are particularly hazardous to human
health and the ecosystem. These substances can persist
in the environment (water, soil, sediment), accumulate
in the tissues of living organisms, and cause acute
or chronic toxicity. Substances identified as PBTs
by the criteria of this research are flocoumafen and
chlorpyrifos. Substances that are very persistent and
very bioaccumulative are also considered to be of high
concern because their long-term effects are unknown.
Only floucomafen is characterized in this way.

With the purpose of to understand the implications
of PBT or vPvB assessment, the example of European
legislation was used, since such legislation does not
exist in El Salvador. At the European Union level, PBT
and vPvB pesticides are not authorized for marketing
without a more comprehensive risk assessment (Fabrizi,
2014).

However, chlorpyrifos has been banned at the European
level for its genotoxic, neurotoxic and reprotoxic effects
(EC, 2019b) because accessible data did not justify its
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persistence. Floucomafen is not allowed due to its vPvB
characteristics (EU, 2016).

Substances that meet 2 of the 3 PBT criteria are
candidates for substitution (EC, 2009). According to
the analysis, this corresponds to 9 more substances in
addition to those already considered, among them: 2,4-
D, fipronil, hexazinone, imidacloprid, indaziflam, lambda
cyhalothrin, metribuzin, paraquat and terbutryn.

Moreover, it has been added an analysis of pesticides
with physicochemical characteristics that could
contaminate drinking water resources in aquifers and/
or pass drinking water treatment barriers. The indicators
used are based on the proposal of Rldel et al. (2020) to
measure persistent, mobile, and toxic substances (PMT)
as well as very persistent and very mobile substances
(vPvM) in the class of substances of high concern.
The list of substances includes 8 PMT substances
with toxic activity can be found in drinking water and
5 vPvM substances. vPvM substances can circulate in
water cycle and cause contamination that is difficult to
remediate (Rudel et al., 2020).

The substances at the top of the environmental hazard
identification list (Table 7) are the herbicides indaziflam
(6), terbutryn (5), 2,4-D (5), atrazine (4,5), imazapic (4),
metribuzin (4), hexazinone (4), metsulfuron methyl (4).
The insecticides of most concern are imidacloprid (6),
fipronil (5), chlorpyrifos (5), chlorantraniliprole (4,5) and
terbufos (4). The rodenticide floucomaphene (6) is also
at the top of the list.

3.3.3 Summary of Hazards to Human Health and
the Environment

In order to summarize the hazards identification of
each substance to human health and the environment,
the substances have been consigned in the following
graph based on the score assigned to them in the
previous chapters (Figure 17). This graph gives an overall
perspective of the active substances of high concern
for human health (right area of the graph) and for the
aquatic ecosystem (upper area of the graph).

A horizontal green dotted line has been added on
the Y-axis. This boundary corresponds to substances
with at least 2 of the 4 possible environmental hazard
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Figure 16 Number of substances characterized as T+VT (toxic and very toxic), P+vP (persistent and very persistent), B+vB (bioaccumulative
and very bioaccumulative), PT (persistent and toxic), PBT (persistent, bioaccumulative, toxic), vPvB (very persistent and very bioaccumulative),

PMT (persistent, mobile, toxic), vPvM (very persistent and very mobile).

characteristics (PMBT). A vertical red dotted boundary
has also been added on the X-axis. This boundary
corresponds to substances that are very toxic to human
health or have at least 2 health hazard characteristics.
The rectangle at the top right of the graph formed by
the intersection of the two boundaries corresponds
to substances of concern to the aquatic system and
human health. There are 13 substances with hazard
characteristics of concern to human health and the
aquatic system. Regarding herbicides, 2,4-D, paraquat,
ametrine and atrazine are the most widely used. As for
insecticides, the most widely used are imidachloprid,
chlorpyrifos, terbufos and fiponil.

This representation is indicative, but it does not take
into consideration all the hazardous' characteristics
to the environment and human health that need to be
further examined thoroughly on a case-by-case basis.
For example, some pesticides can cause an increased
incidence of certain specific diseases (e.g., Parkinson’s
disease) have not been specifically considered in this
assessment. There are also specific adverse effects
on the ecosystem (e.g., disappearance of bees) by
certain groups of substances (e.g., neonicotinoids)

were not considered. It should also be noted that not
all effects can be considered equivalent, e.g., the case
of substances considered as CRMs, PBTs or vPvBs.
These considerations are discussed in the conclusion.
In any case, this graph seems to indicate the minimum
degree of damage to health and the environment these
agrochemicals can produce. If a higher score is assigned
to effects such as carcinogenicity, then the score for
some of these chemicals would increase and highlight
their greater hazard.

3.4 Conclusion

The objective of this chapter was to identify intrinsic
characteristics of each active ingredient that can be
used, in sugarcane crops and are imported into the
country. The substances were analyzed first in terms of
their hazards to human health and then to the aquatic
system and aquifers. An attempt was also made to assign
the degree of hazard of each of the chemicals analyzed
in terms of their effect and the amount of product used
in El Salvador.
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Table 7 PBMT criteria score result for active substances with pesticide effect.
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Active ingredients CAS PBMT Persistence Bioaccumulation Toxicity Mobility
Total Score

Fungicides
Pyraclostrobin 175013-18-0 2 0 0.5 0.5 1
Herbicides
Indaziflam 950782-86-2 6 2 2
Terbutryn 886-50-0 2
2,4-
Dichlorophenoxyacetic 94-75-7 5 2 0 1 2
acid
Atrazine 1912-24-9 4.5 1 1 0.5 2
Imazapic 104098-48-8 4 0 2 0 2
Metribuzin 21087-64-9 4 1 0 1 2
Hexazinone 51235-04-2 4 1 0 1 2
Metsulfuron methyl 74223-64-6 4 0 0 2 2
Carfentrazone 128621-72-7 35 0 1 0.5 2
Topramezone 210631-68-8 35 1 0 0.5 2
Ametrine 834-12-8 3.5 1 0 0.5 2
Isoxaflutole 141112-29-0 3 0 0 1 2
Paraquat 1910-42-5 3 2 0 1 0
Picloram 1918-02-1 3 1 0 0 2
imazapyr 81334-34-1 5 0 0 1 2
Ethoxysulfuron 126801-58-9 2.5 0 0 0.5 2
Diuron 330-54-1 2.5 0 0 0.5 2
S-metolachlor 51218-45-2 2.5 0 0 0.5 2
Mesotrione 104206-82-8 2 0 0 0 2
Pendimethalin 40487-42-1 0 0 1
Fluazifop 79241-46-6 15 0 0 05 1
Clethodim 99129-21-2 15 0 0 0.5 1
Glyphosate 1071-83-6 1 0 0 1
Glufosinate Ammonium 70393-85-0 0.1 0 0 01
Insecticides
Imidacloprid 138261-41-3 6 2 0 2
Fipronil 120068-37-3 5 1 0 2
Chlorpyrifos 2921-88-2 5 1 2 1
Chlorantraniliprole 500008-45-7 4.5 2 0 0.5 2
Terbufos 13071-79-9 4 0 0 2 2
Thiamethoxan 153719-23-4 35 1 0 0.5 2
Lambda cyhalothrin 68085-85-8 3 1 0 2 0
Tebufenozide 112410-23-8 2.5 0 0 0.5 2
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Active ingredients CAS PBMT Persistence Bioaccumulation Toxicity Mobility
Total Score
Triflumuron 64628-44-0 2.5 0 0.5 1 1
Growth regulator
Ethephon 16672-87-0
Trinexapac-ethyl 95266-40-3
Rodenticides
Flocoumafen 90035-08-8 6 2 2 2 0
Coumatetralyl 5836-29-3 2.1 0.1 0.5 0.5

Information on 12 indicators of acute and chronic
effects on human health was compiled from risk
assessment files from Europe and the United States
and reports from international research centers and
groups. The analysis revealed that a simplified analysis
of the hazards of substances based on the acute toxicity
indicator alone is not sufficient. In fact, only 7 of the
39 active substances analyzed have a toxic or fatal
potential. However, when analyzing the other effects,
27 substances have a toxic effect on reproduction,
24 on the liver and biliary system, 16 have a potential
effect as endocrine disruptors and 16 exert toxicity on
the kidneys.

Seven active ingredients (potentially 8 with glyphosate)
of the 39 used in El Salvador are possible or probable
carcinogens. Of these 8 potentially carcinogenic
substances (if glyphosate is included), 6 also have
a reprotoxic effect (2,4-dichlorophenoxyacetic
acid, diuron, fipronil, glyphosate, isoxaflutole,
s-metolachlor). Based on the information gathered,
none of the substanceshasthethree CMR characteristics
(carcinogenic, mutagenic and reprotoxic). From
literature searches, only the herbicides paraquat,
hexazinone and the insecticide lambda cyhalothrin
have shown mutagenic effects.

The same exercise was repeated for the hazard indicators
for environment considered in the European and
American regulatory frameworks, such as persistence,
bioaccumulation, and toxicity. To these indicators were
added those proposed by the German Environment
Agency, including the ability of the substance to reach

the aquatic system and aquifer.

The analysis of these indicators revealed 11
PT substances (persistent and toxic), 2 PBT
substances (persistent, bioaccumulative and
toxic) and one vPvB substance (very persistent,
very bioaccumulative). Of the 39 substances, 9
can end up in aquifers, 8 of which are toxic and
5 are very persistent and highly mobile. Given
these same physicochemical qualities (mobile and
persistent), these substances would be difficult to
remove during water treatment for drinking water
purification.

Hazard identification is only the first part of the risk
assessment for human health and the environment.
Therefore, the potential effect these substances may
exert will depend on a multitude of factors such as
exposure routes, duration, frequency, dose, potency of
the substance under consideration (ECHA, 2013). This
study hasmadeit possible to identify the most hazardous
substances for human health and the environment
that are being applied in El Salvador. The recognition
of these substances should be the first step in future
studies that seek to identify the sources, mobility,
and fate of these substances, as well as their possible
elimination from the Salvadoran environment. With the
purpose to characterize the exposure of humans and
the environment to these pesticides, a case study was
carried out in the lower zone of the Paz River.
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Figure 17 Results of the analysis of environmental and human health hazards. On the x-axis, scores are obtained for health hazards and on the y-axis, scores are obtained for hazards to
the aquatic ecosystem and aquifers. The size of the points is proportional to the tons of products imported to El Salvador in the year 2018-2019 (MAG, 2019a).
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4

Description of El Aguacate sub-basin of the
Paz River and the Mangrove of Garita Palmera

4.1 Introduction

The previous chapter was dedicated to the identification
of pesticides’ hazards that can be used on sugarcane
crops. The risk analysis of these products is not limited
to sugarcane, as these products are also used on other
crops. A central element in determining the risk to
human health and the environment is to analyze how
and under what conditions these products are used on
this type of crop.

To answer this question, a case study was conducted
in the lower zone of the Paz River (Figure 18). Although
these investigations focus on the analysis of the risks
caused using pesticides, it is essential to understand
the context in which they occur. It would be simplistic
to consider that the problem of pesticides can only be
summarized in their direct effects on their users or the

environment. It is necessary to place this problem in the
context of the socio-economic reality of the region. For
this purpose, this chapter is devoted to both the socio-
economic and the physical and climatic description of
the area. The last subchapter of this baseline reports
on the results obtained during the analysis of local
territorial conflicts related to the sugar industry and the
use of pesticides.

4.2 Methodology

The biophysical, socioeconomic, and hydrological
description of the study area is based on the
bibliographic compilation of reports made on this area
by other authors.
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The analysis of the actors in the territory and of the
conflicts related to the presence of sugar crops in the
territory was carried out according to the method of
“conflict-context analysis” (Marthaler & Gabriel, 2010).
This method was used for two different purposes.
First of all, this method made it possible to analyze the
opportunities and risks associated with the research
process in the territory with fragile and conflict-
affected contexts. Secondly, it made it possible to
analyze the actors involved, the sources of conflicts
and reconciliations, and to gather information on the
socio-environmental impacts of sugarcane cultivation.

This analysis was carried out during one day with
representatives of 11 communities (10 women, 11
men) in the study area. The people who participated
in the conflict analysis in the study area belonged
to a large group of stakeholders: local farmers and
fishermen, families living around the sugarcane fields
and environmental protection associations and local
autorities.

4.3 Results

4.3.1 Socioeconomic Description of the Area of
Study

The area of study is located in the lower zone of the
municipality of San Francisco Menéndez, department
of Ahuachapan, in the western part of the country. The
lower zone of this municipality is home to three cantons:
La Hachadura, Garita Palmera and El Zapote, where
more than 18 communities are established in which
around 15 thousand people live, most of which have
a constant interaction with the natural resources from
the sub-basin El Aguacate river, the mangrove of Garita
Palmera and El Zapote, the Paz riverbed (bordering
Guatemala) and the tropical rainforest of El Zanjon El
Chino, for the development of their livelihoods and use
of resources.

Theterritoryofthe ElAguacate sub-basinischaracterized
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by a dynamic economy that includes cross-border
trade, subsistence agriculture, sugarcane production,
the flow of remittances from abroad, tourism and
artisanal fishing in the sea and mangroves; the main
economic activities are subsistence agriculture, trade,
and artisanal fishery.

Cross-border trade is determined by the flow of goods
in the urban center of Cara Sucia, since customs and
migratory activities at the La Hachadura border facilitate
the exchange of goods in a formal and informal manner,
being this urban center the point of reference for the
peripheral cantons and settlements of San Francisco
Menéndez, such as the southern region of Jujutla. Most
families receive remittances from abroad, particularly
from the United States, placing San Francisco Menéndez
in the first 25 municipalities in the country that channel
a large part of the total remittances that enter the
country annually>, since only in the first 3 months of
2020, the municipality managed to capture 13.4 million
dollars in remittances.

Fishing in the Garita Palmera mangrove forest is one
of the main livelihoods for some 1,700 families in
6 communities bordering the salt forests, since the
different services provided by the salt forest facilitate
income generation, food security, recreation, supplies
for construction, medicine, etc., as well as representing
a key means for natural disaster mitigation and
adaptation to climate change (Table 8). The following
is a prioritization of the elements of the mangrove's
ecosystem of which the families make use of the natural
service.

In the coastal zone of the territory, there are 3
communities (El Tamarindo, Garita Palmera and Bola
de Monte) that have a fishing population of 48.2%
in relation to the total number of people in their
community, which is around 2,403 people in these
communities. The most extracted species in this part of
the mangrove are fish and crustaceans, 87.9% for food
security, while fishermen prefer to extract them from
the sea for commercial purposes. More than 80% of the
coastal communities use the wood for construction

5 Central Reserve Bank, Statistical Report on Family Remittances January - March 2020.

6 Biophysical and Socioeconomic Study of the Garita Palmera Mangrove, MARN, 2016.
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Table 8 Natural services of local ecosystems in the Aguacate river sub-basin. Source: MESAMA Advocacy Plan, UNES, 2019.

Ecosystem Food Housing Economic Medicine Recreation Disaster
income prevention
Rivers X X
Estuaries-Mangroves X X X X X X
Beaches X X X
Mouth X X X X

and firewood for cooking. El Aguacate River tributary is
the only freshwater aquifer that supplies the ecosystem
functions of the forest.

At the agricultural level, production dynamics vary
depending on social strata and land concentration
modalities, for example, the poorest families with
little access to land, produce mostly basic grains and
minor species as a means of subsistence; middle strata
or with greater purchasing capacity, produce fruit,
vegetables, sesame and plantain, in some cases, these
strata are organized in cooperatives and a sector with
agro-industrial capacity and greater concentration of
land, produces and is part of the sugarcane market?,
establishing relationships with the Izalco Central Sugar
Mill and the Salvadoran Sugar Association (CASSA) for
the commercialization of this product in the national
and regional market. On the other hand, livestock
activity is characterized by cattle managed under free
grazing, horses in free grazing and stables, pigs mostly
in free range, with a low number of stables, and poultry
in free range.

4.3.2 Hydrographic Description and Land Use

The El Aguacate sub-basin (also known as Brazo of Paz
River) is part of the Paz River watershed that originates
in the Quesada Mountains in the department of Jutiapa
in Guatemala (EcuRed, 2019). The Paz River watershed
has a total area of 2,647 km?, of which 34% is located in
El Salvador and 66% in Guatemala (Gallo & Rodriguez,
2010).

In the past, the main course of the Paz River delimited
the border with Guatemala and passed through the
wetlands of Bola de Monte and El Botoncillo, where
it flowed into the Pacific Ocean (Figure 18). At that
time, the Paz River also fed year-round into the El
Aguacate River, which supplies freshwater to the Garita
Palmera wetlands (G. Ramirez Villanueva, personal
communication, 2020).

However, the lack of management of the upper and
middle zones of the Paz Basin in terms of land use
and water resources altered the hydrological balance
and sediment dynamics of the Paz River (Gallo &
Rodriguez, 2010). The upper part of the catchment area
has a higher erosion potential than the middle part. All
eroded material is deposited in the lower part of the
catchment causing river blockage. This phenomenon
also leads to the loss of soil and its nutrients by leaching
in the upper part of the watershed (EcuRed, 2019). This
change in sedimentary dynamics is one of the causes of
the aggradation of the bed of the former perennial river
El Aguacate, located in the lower zone of the Paz River
basin (G. Ramirez Villanueva, personal communication,
2020).

After two extreme weather events, including hurricane
Camille (1964) and hurricane Fifi (1974), the Paz River
left its original channel (13°47'52.25 "N - 90° 7'2.06
“W) and flowed into an irrigation canal in Guatemalan
territory (Gallo & Rodriguez, 2010). This phenomenon
created what is now called the Nuevo Paz sub-basin
located in Guatemalan territory (Gallo & Rodriguez,
2010). Currently, the former Paz Riverbed and the
Zanjon del Aguacate receive water only during periods

7 http://www.consaa.gob.sv/zonas-productoras-de-cana-de-azucar-en-el-salvador/
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Figure 18 Water network of the El Aguacate micro-watershed delimited with the thick blue border at the center of
the map. The point of influence of the Paz River ("El Aguacate River entrance”) and the diversion of the Paz River into
Guatemalan territory that occurred in 1974 are marked on the map. The water network of the ditch is characterized by
strong morphological modifications of the natural riverbed for the irrigation activities of the cane fields.
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Figure 19 A) Transport of pumped water from Rio Paz to the cane field (April 2019, N13 47.480, W090 06.941). B) Diversion of the Aguacate
River by digging ditch with an excavator to irrigate the cane fields (April 2019, N13 46.540, W090 05.572).

of very heavy rainfall during climatic events called
“temporales” (Wildi, 2019).

This deviation from the original course of the river has
repercussions on the freshwater reserves available in
the lower zone for domestic and agricultural use, but
also threatens the wetlands of Bola de Monte, Garita
Palmera and Botoncillo. According to Gallo & Rodriguez
(2010) approximately 2,600 million cubic meters of
freshwater per year no longer flow in these ecosystems.

The lack of fresh water in the Garita Palmera wetland
is also aggravated by two other phenomena. The
first, mentioned above, due to the accumulation of
sedimentary material that prevents water from entering
the Zanjon and the second, is the excessive use of
these waters in the irrigation of the cane fields that
occurs throughout the dry period from February to May
(Figure 19A) (Maximus*, 2019). As can be seen in the
map (Figure 18) and in the photographs (Figure 19B) the
morphology of this river has been highly modified.

The following graph (Figure 20) illustrates the average
accumulated precipitation (mm) per month for the study
area, which is characterized by an abundant annual
precipitation of 1,700 mm. However, the distribution of
precipitation is very uneven, with a dry season between
December and April and a rainy season between May

and November. Precipitation between May and October
accounts for 95% of annual precipitation (Buckalew et
al., 1998).

Of the 30 km2 area of this micro-watershed,
approximately one third of its total area is dedicated to
sugarcane cultivation (Basagoitia Quifionez & Flores,
2016). Other crops in the area include maize, plantains,
coconuts, yucca, and watermelons. Cows are also
raised on pasture (Wildi, 2019). The map below shows
land use by crop type (Figure 21).

A data analysis conducted by Basagoitia Quifionez
in 2016 shows that the micro-watershed is divided
into 18.9 km2 of crop mosaic, basic grains, plantains,
pastures, and banana trees, 8.5 km2 and 1.2 km2 of
mangroves. The monospecific forest in transition and
urban tissue represents only 1.1 and 0.2 km2 of the
watershed (Basagoitia Quifionez & Flores, 2016).

From the results of the EVALHID rainfall-runoff model,
thereisanoverexploitation of water from the microbasin
aquifer equal to 450,000 m3 (Basagoitia Quifionez &
Flores, 2016). Water extraction from this aquifer comes,
in terms of water volume, 81% for sugarcane irrigation,
11% for livestock activity and other crops, and 8% for
domestic use.
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Figure 20 Distribution of precipitations during the year from data collected from 1970 to 2014 at the Ahuachapan, La Hachadura and Cara

Sucia gauging stations (Basagoitia Quifionez & Flores, 2016).

4.3.3 Biophysical Description of Garita Palmera
Wetland

The Garita Palmera wetland is part of the Barra de
Santiago - El Imposible Conservation Area. This
Conservation Area is in the extreme southwestern part
of the country that belongs to the Coastal Plain and
Coastal Chain (Figure 22). It is one of the sites with the
highest species richness and occurrence of restricted
species (MARN, 2010).

The main geomorphological characteristic of Garita
Palmera is its sand bar that runs parallel to the coastline
and is slightly more than 4.5 km long and varies in width
from 200 to 400 m. This environment is characterized by
saline sediments frequently anaerobic and muddy, and
anmoor soils are defined, whose formation is linked to
these environments and whose composition is basically
humidified organic matter mixed with clay under
anaerobic conditions. Anmoor is formed in temporarily
flooded environments, being a good geomorphological
indicator of potentially floodable areas (Geologists of

the World 2012 cited in Vasquez Jandres et al., 2017).

The Garita Palmera wetland is directly influenced by the
Paz River and El Aguacate River sub-basin. However, it
is also indirectly influenced by river systems and ditches
that drain from El Imposible National Park’s territory of
influence. Nine different sub-basins ranging from 14 to
64 km2 in extension and originating in the mountainous
part of ELImposible are in that zone (Requena Quintanilla
1993 cited in Vasquez Jandres et al., 2017). The most
important rivers of indirect influence are Cara Sucia
River and San Francisco River.

The behavior of the rivers is well differentiated with a
strong physiographic control in the different parts of
the riverbed. In the high areas, where the rivers are
encased and with strong slopes, erosion and transport
processes dominate; while in the middle areas the rivers
gradually lose their erosive capacity and slope, so the
riverbeds are no longer so encased and have a more
meandering behavior (Geologists of the World 2012
cited by Vazquez Jandres 2017)
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Figure 21 Land use map of the lower Rio Paz area based on MARN 2012 data.

The Garita Palmera estuarine/mangrove system has a
total surface area of 488 ha, of which 368 ha correspond
to the estuary and mangrove, 60 ha marine and 71 ha
of palm groves and other floodable lands; an average
depth in the marine portion of up to 6 meters (no data
is available for the estuary portion, but most likely the
depth does not exceed 6 meters), and water mirror
elevation of 0 meters above sea level. The ecosystem /
life zone is subtropical humid forest.

This area is composed of three portions, considering
the fragmented process of this place. The first two
completely fragmented portions are found parallel to
the road that leads to the hamlet and communities
of Garita Palmera. These are characterized by the
dominance of “red mangrove” (Rhizophora mangle) in
its innermost part with little structural development
and sometimes in association with “sincahuite” trees
(Laguncularia racemosa), which is considered a seminal

forest. In conditions with evident anthropogenic
disturbance.

The main area of mangrove covers and primary
network, and secondary channels, is formed by the
mouth, which is typically a very dynamic sandy bar
subject to hydro morphological and oceanographic
changes determined by sea currents, tides, water
load and atmospheric factors such as precipitation,
wind direction, and ambient temperatures. All these
conditions create an unstable dynamic in this sector.

The mouth of Garita Palmera is estimated at an area
of 1.2 km2 with a width and depth varying according
to the tidal pattern of 200 m and depth between 0.5
- 2 m, in its inner portion is observed mangrove forest
(350 m from the mouth) with semi-dense and dense
sectors of “red mangrove” in acceptable conditions of
conservation. Mostly the sectors known as Bajo Caballo
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Figure 22 Barra de Santiago- El Imposible Conservation Area

and El Baral, and to a lesser extent sectors known as Los
Cayucos (13°43'34.06 "N - 90° 4'59.57 "W).

It is important to mention that there is a zoning pattern
with gradients of greater flooding, dominated by “red
mangrove” and “sincahuite” sometimes in association.
In the less flooded parts, the species “botoncillo”
(Conocarpus erectus) and “Istaten” (Avicenia germinans)
dominate. In general terms, the mangrove forest has
considerable structural development. On the other
hand, it is important to emphasize that the main fluvial
source comes from the Paz River and the El Aguacate
River sub-basin.

The marine strip corresponds to a sandy beach front
(fine) with a gentle slope and an approximate length
of 5.5 km. On the other hand, this strip also includes
strictly oceanic waters outside the mouth, bordering
the 3 nautical miles.

Scale location scheme

Legend

- Protected areas
Ecoregions

- Dry Forests
- Mangroves

The zone is composed of an ecotone area, and a
deciduous forest represented by the “royal palm”
(Brahea salvadorensis). The traditional strip is mostly
formed by “huiscoyol” (Bractris major).

4.3.4 Analysis of Stakeholders and Conflicts in
the Territory

More than 30 organizations have been identified
(Figure 23) that operate in the territory and are directly
or indirectly related to the pesticide issue. A selection
of the main actors was made, and they were organized
in accordance with their type of relationship with
the issue. The first group of identified actors is made
up of national institutions such as MAG, in charge
of pesticide import authorization, sustainable and
economic agricultural development; MARN, in charge
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of reducing environmental degradation and MINSAL,
which guarantees its citizens a comprehensive health
service in harmony with the environment (MAG, 2019¢;
MARN, 2019; MINSAL, 2019).

The second group of identified actors is composed by
local, national, and international suppliers of pesticides
(legally established or operating illegally) such as
manufacturers, distributors, and resellers (agroservices).

The third group of differentiated stakeholders are users,
including local farmers who use agrochemicals for food
production, plantain producers and the sugar industry.
This stakeholder group consists of people directly
exposed to agrochemicals during their preparation

National

and/or use.

The fourth group of stakeholders consists of individuals
and groups of individuals indirectly exposed using
these pesticides. This group includes the communities
surrounding the crops and fishermen’s associations.

The last group of stakeholders operating in the territory
is formed by local associations, NGOs, municipal offices,
and environmental police in charge of environmental
protection.

The conflicts-sensitive analysis in the territory has
highlighted the problems, causes, intensity, risk of
escalation and elements of reconciliation. They are
summarized in the following table (Table 9).

MARN
MINSAL

regulatory VY9

Territorial committees

MARN Park Rangers Actors
Environment Division PNC [\ I i i &L
FIAES

protection
ACMA

Municipal Environmental Unit

Communities
Health units
Fishing cooperatives

Actors

indirectly
impacted

institutions g

International supplier
Local agroservices
lllegal product sales
National supplier

Pesticide and

fertilizer
suppliers

Sugarcane farmers
Local farmers

Local users Plantain production cooperatives

Figure 23 Articulation of the different stakeholder groups related to the issue of pesticides at national and territorial levels, starting with
national regulatory institutions, pesticide suppliers, users, stakeholders indirectly affected by their use and stakeholders interested in

environmental protection.
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Table 9 Analysis of problems, causes and actors involved in conflicts in the territory with a high degree of tension.

Problems encountered

Causes mentioned

Stakeholders involved

Loss of access to land for subsistence
production

Purchase of land for sugarcane plantation.

High land rental prices to local farmers

« Sugar industry
e Local producers

Early ripening and loss of subsistence
production (corn, plantain, yucca,
watermelon, etc.).

Derived from ripening agents (glyphosate,
trinexapac-ethyl) during application from
aircraft in sugarcane fields.

« Sugar industry
¢ Local producers

Decrease in amounts of fish, shrimp, crabs
caught in mangroves

High mortality due to pesticide runoff into
rivers and mangroves and possible entry of
excess sediment, loss of freshwater supply.

« Sugar industry and other users of
pesticides
¢ Local fishermen

Salinization of domestic water wells in the
community

Overexploitation of water resources in
aquifers and surface waters for irrigation
purposes.

« Sugar industry
o« Communities

Lack of freshwater inflow into mangroves

Irrigation of large extensions.

Deviation of rivers for irrigation purposes.

« Sugar industry

e Local fishermen

» Environmental protection
association

High mortality in some communities due to
renal failure

Pesticide applications

e Sugar industry
o« Communities

Accidents, burns/irritation, poisoning during
pesticide use

Lack of information for suppliers and
training of users with the use of appropriate
equipment, uncontrolled sale of pesticides

e Local producers
» Agroservices
¢ Health Units
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Criminalization  of

environmental organizations industry

leaders of local | Divergent interests between communities and

¢ Sugar industry

e Local producers

¢ Local fishermen

¢ Environmental protection
association

This analysis of the conflicts and problems faced by
the communities reveals the threats to their living
environment and to the food sovereignty of the 9,000
people living in this watershed. In fact, five of the eight
main problems faced by the population are related to
access to land for staple grain production, loss of crops
due to the spread of ripening agents, and loss of access
to fresh water in domestic wells.

Two problems faced by the population are related to
the use of pesticides and their impact on the health of
workers. The last phenomenon faced by the population

is, to some extent, the cause and consequence
of the tensions between the different actors, the
criminalization of community actors defending their
rights by certain actors in power.

The sugar industry is one of the main actors and
motors of most of the problems and conflicts faced
by local communities. The positive aspects reported
by the communities about this industry are the
source of employment it generates, as well as some
compensations granted by the company such as the
construction of asphalt roads or classrooms.
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4.4 Conclusion

The description of the socioeconomic elements of the
lower Paz River zone revealed different elements. First
of all, the communities living in the area mainly depend
on subsistence agriculture and fishing for their survival.
Theirsourcesofincome comefromselling their products
in the Cara Sucia market, obtaining remittances and for
some, working in the sugarcane fields. Access to land
for the peasants and the conservation of natural spaces
are therefore vital conditions for their survival in this
area, yet they are the most threatened by the sugar
industry.

Mangrove areas are particularly important because they
protect the people of these communities from adverse
weather events, prevent them from disasters, and are
a source of income, food, medicine, and recreation in
their daily lives.

The pressure on freshwater resources in the area is
extremely high. This is explained by an uneven rainfall
regime, with most of the precipitation concentrated
during the months of May to October. Since the
diversion of the Paz River in the 1970s, the El Aguacate
ditch only receives water during high intensity rainfall
events.

The conflict analysis highlighted three problems that are
directly and indirectly related to the use of pesticides in
the communities:

1. The aerial application of ripening agents in the
sugarcane fields and affects the surrounding
subsistence crops of the communities.

2. The impact on the health of workers and peasants
who apply pesticides (accidents during application
and mortality due to chronic kidney disease).

3. The impact on the aquatic ecosystem due to
fertilizer and pesticide runoff and its consequent
impact on the fishing population.

The analysis also reveals a dichotomy between the
communities and the sugar production sector. In
one hand, the communities are highly dependent on
the sugar industry as a source of paid labor. On the
other hand, the same industry is directly or indirectly
responsible for the loss of access to farmland (land
grabing)), the degradation of their environment
and ecosystems, the loss and degradation of water
resources, and the deterioration of the communities’
health, harming their quality of life and life expectancy
due to chronic kidney disease of unknown causes.

The above analysis highlights the need for governmental
supervision of surface and subterranean water use with
fair regulations that do not benefit already enriched,
privileged and powerful sectors, at the expense of the
suffering and impoverishment of the most vulnerable
sectors.
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H Human Exposure to Pesticides

5.1 Introduction phases that, if not carried out properly and according to
o _ _ good practices, can expose humans, their surroundings,
Pesticides have three main routes of entry into the 344 the environment to high risks. Mejia et al. (2015)

human body: through ingestion, inhalation, and the  gescribes each of these stages, which consist: of:
dermal route (OCSPP US EPA, 2015b). Human exposure

to pesticides can be characterized in terms of exposure
to hazards chemicals in the workplace (occupational

. . 1. Purchase and selection
exposure) and exposure that occurs outside of one's

work (non-occupational exposure). 2. Transport

Occupational exposure is given by direct contact with 3. Storage

pesticides, this mainly includes agricultural workers,

workers who synthesize and formulate pesticides and 4. Formulation

domestic fumigators (Damalas & Eleftherohorinos, 5. Application

2011). These workers are more susceptible to acute

poisoning (Fenske & Day, 2005). 6. Solide waste management and residues

The process of using pesticides consists of several
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The selection and purchase of pesticides are important
fortwo reasons. First, it is a matter of choosing a product
that is legal, appropriate in terms of its intended use
and minimizes hazards to people and the environment.
At that point, the seller must inform the user of the
appropriate protective equipment to be used to
minimize the user's exposure. The seller must specify
the conditions of use and the doses to be applied to
minimize exposure of the environment, bystanders, and
residents (Mejia et al., 2015).

The second step is the safe transport of pesticides. At
this stage, spills must be prevented due to accidental
damage to packaging by sharp objects or by sunlight.
It should also be avoided the contact with children,
animals and food, and reduce the risk of fire during
transport. (Mejia et al., 2015)

The third step is pesticide storage. If this is not done
properly in a separate, enclosed, ventilated room that
is not subject to flooding, it can further expose the
user, the user’s family, and the environment. In fact, if
the products are stored in the home, the family may be
exposed to pesticides through inhalation of pesticide
vapors, butalso through the skin if they touch pesticide-
contaminated jars or if the jars are improperly closed, or
by accidental or deliberate ingestion (suicide) (Mejia et
al.,, 2015; Quinteros & Lépez, 2019).

The fourth stage is preparation and mixing (formulation).
At this stage, both the environment and humans are
exposed to pesticides. This problem is aggravated by
exposure to concentrated substances at this stage.
Exposure to the vapors of the concentrated products
and accidental spillage on the skin, as well as the risk of
splashing during the mixing phase of the product with
the large volume of water, represent only some of the
hazards to which one is exposed. The number of times
the operator must recharge the backpack spray pump,
the presence of several active substances and adjuvants,
the concentrations of the products in the mixture and
the use of protective equipment are variables that must
be considered in this phase (Mejia et al., 2015).

The fifth step (application of the pesticide) is the
most delicate since the pesticide is released into the
environment. The worker's exposure depends on the

protective equipment, the hours of daily exposure, the
number of days of application per year, the climatic
conditions and the calibration of the equipment used.
The cleaning conditions of the spraying equipment and
protective equipment after use are also elements that
must be considered in the exposure (Mejia et al., 2015).

The final step is the disposal of pesticide wastes
(containers) and remnants (residual pesticide). Potential
exposure occurs mainly in the reuse of pesticide
containers for water transport, food storage and in the
inadequate disposal of wastes and remnants. Generally,
wastes are disposed of in the open air at the application
site without prior treatment. Before disposal, containers
should be washed to remove pesticide residues and
should be cut or perforated to prevent other persons
from reusing them, and finally they should be placed
in a special container for later collection. As for the
remnants, these should be disposed of by applying
them in surrounding vacant lots or in piles of weeds
in nearby land (Mejia et al., 2015). All these methods to
minimize the risk of pesticides are not usually followed
in El Salvador.

Non-occupational exposure to  pesticides s
multifactorial and includes occupational exposure,
application site drift, residential use, and ingestion
(Deziel et al., 2015). Dietary (ingestion) exposure is
characterized by consumption of water and food
contaminated with pesticides and their degradation
products (OCSPP US EPA, 2015b). Non-occupational
exposure also includes exposure associated with
frequent and potentially contaminated locations inside
and outside the home (Damalas & Eleftherohorinos,
2011). The population may be exposed by inhalation
or contact to concentrations significant to their
health in their homes due to household use of certain
biocides, entry of contaminated equipment or clothing,
and inhalation of contaminated dust (Deziel et al,
2015; Whitemore et al., 1994). Outside the home, the
population may be exposed to pesticides due to
pesticide drift. This exposure can occur through
windblown dust and contact with contaminated soil
(bystander) (Damalas & Eleftherohorinos, 2011).

Considering these theoretical aspects, the objectives of
this chapter are:
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1. To characterize the exposure of sugarcane
workers to chemicals and other harmful
substances.

2. To determine the working conditions and the
distribution of responsibilities in the sugarcane
fields.

3. Characterize the exposure of communities
living around the fields to chemicals and other
harmful substances emitted during the sugarcane
growing cycle.

5.2 Methodology
5.2.1 Survey Interview

The analysis of the sensitive context to the conflict
discussed in the previous chapter revealed that
tensions between communities and sugar industry
actors are extremely high. Due to the fact that some
community leaders are already under death threats
because of their work for the defense and fight for their
rights; community actors decided that the collection of
information from sugarcane workers and neighboring
communities would be done through private interviews
directly in the interviewee's home.

Interview surveys were conducted with three sugarcane
workers (Damien*, Eleonor*, Maximus*), one sugarcane
agronomist (Carlos*), one comunity leader (Pascal*),
three women (Osa*, Aline*, Berta*) with boys and girls
that live around the sugarcane fields to portray pesticide
exposure. Aliases were given to each interviewee and
appear with a name followed by an asterisk (*).

The interviews conducted in this research permitted
us to inquire deeper into the problem to include the
organization of work in the fields and the various
responsibilities, identify obstacles and opportunities to
improvepracticesandsocially contextualizetheworkers.
A specific interview guide was developed to each type
of actor interviewed, consisting mainly of open-ended
questions that included a personal presentation, the
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production cycle, field work organization, working
with the products and compensation provided by
the company. Interviews were conducted in the
communities El Castafio, El Chino, El Palmo, El
Porvenir, Rancho San Marcos, San Marcos Caiales and
Santa Teresa (municipality of San Francisco Menéndez,
Ahuachapan). The interviews were recorded with the
consent of the interviewee. During the transcription
of the interviews, no information or testimony was
included that could allow the identification of the
person and, therefore, compromise their place of work
or physical integrity.

Through the compilation and cross-checking of
the information obtained through the 8 interview
surveys, a schedule of exposure of sugarcane workers
(occupational exposure) and surrounding communities
(non-occupational exposure) was established. The
interview transcripts are available in A.l. 3 (Additional
Information 3).

5.3 Results

5.3.1 Exposure of Men and Women Workers
to Pesticides and other Harmful Substances in
Sugarcane Crops

It is possible to distinguish three main phases in which
exposure can be characterized by different exposure
groups (Table 10). The first phase of pesticide exposure
occurs from November to January, when the soil of an
existing crop is prepared for the new growing season or
for planting a new crop (every 5 to 12 years) (Carlos*,
2019; Maximus*, 2019). Fertilizers, pre-emergence
herbicides and certain products with a dual insecticidal
and fungicidal action are applied at this time (Carlos*,
2019). Fertilizers and the fungicide/insecticide product
are distributed in solid form in the crop furrow (Carlos*,
2019; Pascal*, 2019). Depending on the area, a group of
women is hired to do this work with a bag of fertilizer
hanging on their back and a bag containing the biocide
suspended on their waist. Then they distribute these
two products with their bare hands. The pre-emergence
herbicide is then applied directly to the soil by backpack
sprayer (Carlos*, 2019).
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The second exposure phase takes place throughout
the crop maintenance stage, which usually begins in
late May or early June through August (Carlos*, 2019;
Damien*, 2019; Eleonor*, 2019). A team of ten people,
usually including a quarter of women, is recruited by
a quadrille leader (caporal) for a period of 3 months, 6
days a week, 4 to 6 hours a day (Carlos*, 2019; Damien*,
2019; Eleonor*, 2019)

Before starting work in the fields, operators do not have
a medical examination and do not receive training or
personal protective equipment. During the workday,
they are dressed in boots, pants, long cotton shirt and a
cap (Figure 24) (Damien*, 2019; Eleonor*, 2019).

If the landowner has hired technical assistance from
the sugar cane mill (“Ingenio”), an agronomist will
provide the products, calculate the rates to be applied
and demonstrate the calibration of a backpack spray
pump (Carlos*, 2019). If the landowner does not call
for technical assistance, then the foreman (caporal)
organizes the products and rates to be applied
according to his habits (Carlos*, 2019). When an
engineer is present, the two-person backpack pumps
are calibrated to avoid overuse of the product in the field

(Carlos*, 2019). In fact, operators are paid by the task,
they must spray a 250-liter barrel containing a mixture
of up to 5 different products on 1 to 1.5 manzanas (1.05
hectares) and receive $6 in return (Damien*, 2019;
Eleonor*, 2019). Some operators then modify the
mouthpiece of the backpack spray pump so that more
of the mixture is applied in less time (Carlos, 2019).
According to an engineer who has done this work,
after the calibration demonstration, the foreman and
his workers are free to do whatever they want (Carlos*,
2019). That is, sociologically, neither those who work,
nor the caporal are willing to receive recommendations
from an engineer about the work they have been doing
for a long time in their own way (Carlos*, 2019).

The third phase of exposure to pesticides and other
substances, such as fine particles and polycyclic
aromatic hydrocarbon (PAH), takes place during the
zafra phase. The harvest or zafra takes place from late
November to April, depending on the variety harvested
(early, medium, and late varieties) (Carlos*, 2019). Sugar
mill engineers visit sugarcane field owners to take
sugarcane samples to measure different parameters
such as content and sucrose fraction (Brix degree)
(Carlos*, 2019). Depending on the sugar content, the

Table 10 Calendar of exposure to pesticides and other harmful substances in relation to the sugarcane production cycle.

NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP  OCT

Harvest or zafra
Ripening X X X X X X X
Burning of

) X X X X X X X
sugarcane fields
Crop preparation and maintenance
Pre-emergence X « x X
Herbicides
Post-emergence X X X
Herbicides
Fertilizers X X X
Insecticides X X X X
Fungicides X X X X X X
Rodenticides (x) (x) (x) (x) x) x) (x) (x)
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Figure 24 Protective and spraying equipment (backpack sprayer pump) used in the cane fields consisting of boots, pants, long cotton shirt

and a cap.

factory gives the order to start the harvesting process.
Refining plants promote or require the use of ripening
agents 4 to 7 weeks before harvest to increase the
sugar content of the cane and facilitate the work of the
cutters (Carlos*, 2019; Maximus*, 2019).

The landlords are not always in favor of using ripening
products, as it can easily cause them to lose 20% of
their crop and reduce the plantation’s operating time.
Due to the size of the canes, the application of ripening
agents can only be done by air (Carlos*, 2019).

The spraying of sugarcane fields by airplane or
helicopter takes place in the early morning hours
between 5 and 8 am when there is no breeze (Carlos*,
2019). During this process, 5 people are needed on
the ground to mark the rows of the field with a flag
(flaggers) several meters high (see Figure 25) to guide
the application of curing agents for aircraft. In this
process, ground personnel are literally sprayed from
head to feet across the entire surface of their bodies in
contact with the spray mixture (Carlos*, 2019; Eleonor*,
2019; Pascal*, 2019). When spraying curing agents,
workers do not wear chemical protection masks.
Absorption via exposure route is estimated to be not
only through the skin but also by inhalation, as pesticide

workers through the lungs, without any evidence to the
contrary, is 100% of the inhaled aerosol, i.e., estimated
to be 10 times higher than dermal absorption (WHO,
2010a). The mixture contains primarily an herbicide
with the active ingredient glyphosate with the potential
growth regulator trinexapac-ethyl and, if necessary, the
flowering inhibitor ethephon (Medardo & Molina, 2016).

For the past year, specialized companies such as
Drontek® have been offering the service of drones for
the treatment of fields using ripening agents. (Carlos*,
2019; Maximus*, 2019). In 2018, the use unmanned
aerial vehicles has been limited to sugarcane fields in
El Salavador. Currently, about 30% of sugarcane crops
are treated by drones (Dinero, 2018). At the moment,
only wealthy landowners can use this technology that
consumes less pesticides and water (Carlos, 2019).
According tointerviews conductedinthe 7communities
of the Rio Paz sub-basin, most fields are still treated by
aircraft (Aline*, 2019; Damien*, 2019; Eleonor*, 2019;
Maximus*, 2019; Pascal*, 2019).

After aerial application of ripening agents, the fields
are burned to get rid of irritating leaves and facilitate
cutting the next day. The cut canes are taken to the
refinery (Figure 26).

$223 emommerachosmmanste
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Figure 25 Sugarcane fields. The approximately 4 m high flag in the center of the field is used for guidance of the airplanes applying the
ripening agents. The fields are burned after 4 to 7 weeks after the application of the ripening agents.

5.3.2 Distribution of Responsibilities and
Working Conditions, Induced Impacts on
Women in the Communities.

This subchapter does not pretend to be exhaustive
but refers only to certain social and organizational
aspects that can contribute to the understanding of
the obstacles to change certain practices in pesticide’s
application.

In the communities where surveys and interviews were
conducted, work in the sugarcane fields is almost

the only source of paid work (Aline*, 2019; Berta*,
2019; Damien*, 2019; Eleonor*, 2019; Maximus*,
2019; Osa*, 2019). The organization of sugarcane
cultivation involves different jobs and responsibilities.
Communities are involved in two main tasks that
include crop maintenance and zafra.

Generally, a different group of workers are involved
in cutting and harvesting sugarcane. The information
gathered during the interviews indicated that the
different roles and responsibilities in the sugarcane
fields are as follows:
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Figure 26 A. Fire ignited in sugarcane fields in the late afternoon, the day before harvest B. Sugarcane fields after calcination C. Transport of

raw sugarcane to the mill.

1. Sugar mill - refining plant:

Refining plants coordinate with crop owners the timing
of cutting and harvesting sugarcane (Carlos*, 2019).
They send their own agronomists to the different
growing areas of the country to take sugarcane samples
(Carlos*, 2019). The sugarcane is then analyzed in the
mill's laboratory to determine various parameters (e.g.,
Brix levels, fiber percentage, purity). Based on the results
of the analysis, the mill establishes the schedule for the
application of ripening agents and then the cutting of
the cane (Carlos*, 2019).

Engineers are responsible for organizing the stages
of cutting, harvesting, transporting, and refining
sugarcane. They organize the transportation of groups
of cutters to the different producing regions of the
country. The factories are in charge of supplying cutting
equipment (churumbas®, cumas, lima, chimpinillera®,
sleeves, hat, shoes) and emergency medical assistance
(Berta*, 2019; Maximus*, 2019). For large properties,
the refinery also offers various technical assistance
services, such as the application of ripening agents by
drones or the application of pesticides and fertilizers

8 In El Salvador, bag where the seed is loaded.

9 Shin guard
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by knapsack pump. An agronomist engineer is then
dispatched with the range of pesticides, calculates the
doses to be applied and demonstrates to workers the
calibration of the instruments (Carlos*, 2019).

2. Owner of the sugarcane field.

The owners of the sugarcane fields are individuals
and legal entities such as cooperatives and some case
companies that have property rights. In the case that it
is not the factory that hires the employees, the owner
of the crop is usually the head of the personnel who
carry out the cutting or the application of pesticides.
Some parcel owners are shareholders of the refinery
plant (Carlos*, 2019).

3. Mandador*®

This person works for the owner of the parcel. He is
the coordinator and responsible for the cane field. He
organizes the workdays, recruits’ personnel to carry
out tasks like pesticide’s application, plot security and
irrigation. He is in charge of paying employees at the
end of the workday.

4. Foreman (caporal).

This person is the team leader during the execution
of the work. This person determines the tasks to be
performed, registers the hours, and evaluates the
amount of work done to proportion the salary. When
applying pesticides, he is responsible for supervising
the preparation of the pesticide mixture in the barrels.

5. Sugarcane cutter.

This is the person employed by the owner or the
factory to cut and harvest sugarcane. These people
are relocated throughout the country to carry out the
harvest.

6. Agricultural employees.

These personnel perform non-specific work and are
hired in the communities living near the fields to prepare
the soil, plant the cane, apply fertilizers and pesticides,
and mark the areas for aerial spraying.

Working as a cutter is probably the most physically and
psychologically exhausting job.

“Someone who hasn't done it before doesn't do it. It is
like if you are a corralero, someone is looking for you
and you know that you can milk. But they tell you: “Look,
you are going to milk, and you have never done it, but
if you can't, you can't” and the cane is like that, because
that matter is a bully. Because you don't think you're
going to be there since 7 am when we start and there
are times when we go out until 4-5 in the afternoon.”

Maximus* (2019) sugarcane cutter.

“My God, am | going to stay here?” he asked but everyone
was going ahead, but he wanted to finish his duty and
he started to shiver and shake, so a collegue ask him
“and you, do you feel bad?”, “yes” he said, he saw him
pale. He said, “Suck this candy”, and so he spent 8 more
days and left for not staying in the camp.”

Aline* (2019) sugarcane cutter's wife.

The testimonies collected (1 cutter and 3 wives of
sugarcane cutters) indicate that sugarcane cutters are
either employed by a sugar mill or employed by the
owner through the mandador. Some cane cutters sign
a contract with the mill for the duration of the harvest
because the work involves many risks.

“They hit their foot, they cut their foot, they hit their
hand, they cut a hand, several times, for example, last
year, my husband told me that there was a boy whose
foot was cut off, so it is a risk they run.”

Osa* (2019) sugarcane cutter's wife.

0 Person who takes care of a farm and assists the employer in its administration
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Sugarcane cutters working directly for the crop owner
did not delay signing contracts (Aline*, 2019; Maximus*,
2019). Sugarcane cutters work for the entire zafra
season, i.e., for 6 months. They are paid per task (ton or
area harvested) or per day of labor.

Interviewees reported that they earn between $6
and $9 per day depending on whether the owners
respect the work agreement (Berta*, 2019; Maximus*,
2019). Workers can earn $20.00 per day under optimal
conditions and in theory up to $30.00 In all cases
collected, workdays start between 3:30 and 4:30
a.m. and end between 7 and 8 p.m. (Aline*, 2019;
Berta*, 2019; Maximus*, 2019). Workers use certain
medications or active ingredients for pain and energy
(Aline*, 2019). Groups of sugarcane cutters move to
different areas of the country to work, some return at
night after a day’s work and others live in areas close to
the fields (Aline*, 2019; Maximus*, 2019). Workers sleep
in camps where they pay for lodging, food, and laundry.
Wives of workers report that their husbands do not eat
enough, among other things because some chemicals
(lodine) are added to the food at the expense of the
workers (Aline*, 2019; Berta*, 2019; Osa*, 2019). During
the six months of the harvest, they have 24 hours off
every 20 days to see their families (Aline*, 2019; Berta*,
2019; Osa*, 2019).

“They come at 21st and 22nd days of work, for example,
if they come late on the 22nd, they spend the 23rd and
then they go on the 24th, in other words, they take a
rest day every month”... “if they come like that, you see,
since the food is not good for them, they come very
thin. No, this work is extremely hard for them.”

Berta* (2019) sugarcane cutter's wife.

“It's hard because my little girl cries for two hours, it
feels bad when they go there. But when they come, they
bring money, and we say that we are going to buy the
things we need. Well, in my case, sometimes there is no
money, sometimes we lend money to spend the days
when they go there because, to pay for electricity, water,
cable, and things that one has to pay by law, practically
the first payment only serves to pay off debts.”

Aline* (2019) sugarcane cutter’s wife.
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The employer keeps 4 days of salary out of 20 for
workers to return to work (Osa*, 2019).

“Interviewer: So, there are people who don't want to go
back to work, because the work is too heavy.

Osa: Yes, the work is killing.”

Osa* (2019) sugarcane cutter's wife.

Agricultural employees who apply pesticides are hired
by the sugarcane field owner's mandador by word of
mouth. Unlike the cutters, pesticide applicators are
usually people from the communities adjacent to the
cane fields (Damien*, 2019; Eleonor*, 2019). They work
12 weeks a year and 6 days a week. The mandador
pays them per task to apply a barrel of pesticides for
the equivalent of $6 (Eleonor*, 2019). Women also
do this work and are sometimes pregnant because
many women must support their families alone or
the husband’s salary is not enough (Damien*, 2019;
Eleonor*, 2019). In the communities interviewed,
pesticide’s application job is the only source of work,
even for young people (Damien*, 2019). Workers do
not know the effects of the products they apply, are
not trained and some are illiterate (Damien*, 2019;
Eleonor*, 2019). When the owner provides protective
equipment, it is not used due to weather and slows
down the pace of work (Damien*, 2019; Eleonor*,
2019). The interviewees mentioned that they would do
another job if there were other opportunities.

Workers cannot talk about their working conditions or
report abuses for fear of losing their jobs

“There is a lot of need because $6 is hardly any money.
The salary set by the government is S7, but since they
are the ones who pay, they keep paying S6, that's why
the corruption here is not going to end.”

Eleonor* (2019) agricultural employee, plaguicide applicator.

“We can talk, but who listens to us? There is no one. We
can make remarks that they only come to kill us, but
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that lingers in the air. As an example: The salary. When
they made a salary increase for the farmer and said, “if
they talk, we are going to throw them out”, and because
the people are always in need, they keep their mouth
shut.”

Eleonor* (2019) agricultural employee, plaguicide applicator.

In other words, it is evident that the community workers
are dependent on the owners and the sugar mills and
that the working conditions mean that the sugarcane
cutters and pesticide’s applicators put their physical
health at risk to meet the basic needs of their families in
the short term.

As an additional element of analysis, it should be noted
that this distribution of responsibilities and working
conditions responds to a large extent to the sexual
division of labor, in which men are assigned public
spaces for their performance and women are limited
to private spaces (home and domestic tasks). Similarly,
this distribution has a differentiated impact on the
health of women and men. In some cases, the effects
are due to the physiological characteristics of women,
while in other cases, the effects derive from the level
of exposure they are exposed to when performing part
of the activities related to reproductive work. Women
living in agricultural areas are affected differently than
men due to physiological and exposure factors. In effect,
pesticides generate different risks for women because
of their impact on the hormonal cycle, reproductive
toxicity (e.g., infertility), prenatal toxicity (death of
the fetus, malformations, etc.) and postnatal toxicity
(lactation), cancers (breast cancer), etc. (Bretveld et al.,
2006; Cohen, 2007; Garcia, 2003; Watts, 2013).

In addition to occupational exposure, women are also
exposed through the places they frequent and the
domestic activities for which they are often responsible.
Exposure occurs through direct drift from pesticides
applied near the home (Ames et al., 1993). Women are
also exposed during house cleaning due to windblown
pesticide-contaminated dust, cleaning contaminated
work clothes, contact with contaminated pets (Deziel
et al, 2015). Moreover, women are responsible for
bringing food to those who are working in the sugarcane
fields, exposing themselves to pesticides without any

protection when entering the field to deliver the food.
Women like all other family members are also exposed
through ingestion of contaminated food and water
(Damalas & Eleftherohorinos, 2011) Similar is true for
childhood, which is also affected differently from adults.
From the prenatal stage through adolescence, children
are more biologically sensitive to pesticide’s toxicity
due to their physiology (body mass, skin surface area),
their metabolism (gastrointestinal absorption, higher
ventilation rate than adults) and the fact that their
nervous, hormonal, respiratory and immune systems
are still developing (Watts, 2013). Before birth, fetuses
are already exposed to pesticides through the placenta.
After birth, children are exposed through breast milk,
working in fields with pesticides, at school, in parks, at
home and by accidental ingestion (Watts, 2013; WHO,
2004).

It should be added that job insecurity has an indirect
impact on the person responsible for the household,
most of whom are women, since they are assigned the
tasks of reproductive work -unpaid- (care, child rearing
and economic management of the household) during
their partner's absence. In addition, they assume the
tasks of caring for their partners when the latter have
health problems that the same working conditions have
caused them.

In addition, due to the economic vulnerability of the
family, women must seek remunerated economic
activities to supplement the family income, which for
them implies a double or even triple workday, often
compromising their health when they are involved in
spraying pesticides or cutting sugarcane.

Pesticide’s applicators are paid by tasks, which amplifies
over-application of pesticides and discourages the use
of protective equipment that slows down the speed of
the work.

Furthermore, crop owners do not take responsibility
for any health problems that their workers developed
during their time of labor activity (Damien*, 2019;
Eleonor*, 2019; Maximus*, 2019) or for damage to
community crops during aerial application (Aline*,
2019; Berta*, 2019; Osa*, 2019). That power relationship
excludes any possible negotiation with their employer
to improve those conditions.
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Based on the cases reported and the definition of the
El Salvador Labor Code (art. 17) , the employer is the
owner of the crop (a natural or legal person such as a
company) or the mill. In the case of persons applying
pesticides, the employer reported in these surveys was
the owner of the crop. In this case, the owner of the
crop has the legal obligation to: “Provide the worker
with the materials necessary for the work; as well as the
appropriate tools and implements for the performance
of the work, when it has not been agreed that the
worker will provide the latter” (Article 29d). According
to the Good Agricultural Practices Guide p.58 (Medardo
& Molina, 2016), it is a legal obligation: “Record
of delivery and return of PPE"(Personal Protective
Equipment), “Visual evidence of PPE use by workers
and of the condition of PPE", “Interview with workers
demonstrating practical knowledge of the proper use of
PPE", “Record of worker training on use of PPE, storage
of pesticides and other agricultural supplies, safe use of
pesticides and disposal of containers.”

5.3.3 Exposure to Pesticides and other Harmful
Substances of Populations surrounding
Sugarcane Fields.

In this research conducted by UNES, information
was collected through interviews with four mothers
(Osa*, Aline*, Berta* and Pascal*) living in neighboring
communities to characterize the exposure of
bystanders.

The populations around the sugarcane fields (Figure 27)
are also affected by agricultural practices during the
three main phases considered in the previous chapters.
Some communities are in the middle of the sugarcane
fields and some of the houses are located less than 15
meters from the crops or within the width of a road.

As mentioned above, during early season soil
preparation  after fertilization,  pre-emergence
herbicides are applied to bare soil (November-January).
Once plantlets have emerged at the beginning of the
rainy season (early June), herbicides and systemic
insecticides (e.g., imidacloprid, lambda cyhalothrin)
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are applied to control yellow cane aphid. Neighboring
houses report a strong odor after application. This
suggests pulmonary exposure for a few hours after
application for households in the vicinity of crops. Based
on the cases interviewed in this study, it is people from
the communities who are hired to apply the pesticides.
However, after application, the clothes contaminated
with pesticide are mixed with the clothes from the rest
of the household and cleaned together. The people
who clean the clothes, often women encountered the
pesticide residues.

During the harvest season, the four women interviewed
reported the passage of airplanes spraying ripening
agents in the cane fields. This operation took place in
the morning around 8 a.m. and lasted two hours. It was
reported that the aerosols are breathed into the village
by men, women and children who are in school at the
time. No measures are taken to alert the people in
advance and the villagers continue their usual activities
without taking shelter in an enclosed room or outside
these aerosol clouds. Some cases of acute poisoning
of children accidentally sprayed by aircraft have been
reported. On many occasions, this practice even affects
the school cycle of students due to the different allergic
skin and respiratory reactions generated by the contact
and exposure to these ripening agents, educational
centers are forced to suspend classes and send students
back home.

In addition to inhalation and dermal exposure, there
is a high probability that villagers are also exposed by
ingestion of contaminated food and water. The same
damage to food crops (e.g., chilis, squash, papayas)
already reported in Chapter 4.3 from drift of aerially
applied pesticides. Since local people depend on
these crops as a source of food, they may be exposed
to these pesticides when they consume them. This is
confirmed by the agronomist interviewed, who affirms
that all crops within about 200 m of the treated areas
are also sprayed by the ripening agents. Drift distance
depends on a multitude of factors such as weather
conditions, pesticide mixture used, spray equipment
and practices. It can be greater than 1,600 m in case
of temperature inversion (Fishel & Ferell, 2019). Well

11 "The person who renders the service or performs the work is called a worker; the person who receives and remunerates him is called the employer.”
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Figure 27 The families in this community have their houses between the road where the trucks pass during

the harvest and the sugarcane fields.

water used by households in communities living near
sugarcane crops (El Chino, San Marcos Caales) comes
from surface aquifers. Measurements in four wells in
these communities have shown that the aquifers are
located between 2.9 and 5.9 m from the surface. These
aquifers are porous and are composed of sand and
other gross erosion materials. These materials produce
a high infiltration of surface water into the aquifer but
have a low filtration or chemical retention capacity in
the infiltration water and therefore highly susceptible
to contamination (MARN, 2013b).

However, insufficient data is available on pesticide
contamination of water and food consumed by
communities. The measurement campaign conducted
under El Salvador's National Integrated Water
Resources Management Plan in 2015 did not measure
pesticides in groundwater (MARN, 2017b). In June 2014,
a paraquat measurement campaign was conducted in
13 artesanal wells in the communities Las Brisas in San
Miguel. The measured concentrations ranged between
the detection limit of the analytical method used 0.62

mg/L and 8.89 mg/L. At least 7 of the 13 wells had
concentrations 4 to 28 times higher than Salvadoran
standards for drinking water (A. Lopez et al., 2015). The
analytical method was not accurate enough to judge
the contamination status of the remaining 6 wells in
view of the health risk.

From 4 to 7 weeks after the application of the ripening
agents, the canes are burned in the evening around 5
pm to facilitate harvesting the following day (Figure 28)
(Maximus*, 2019). Smoke and fine particles produced
by combustion enter neighboring houses, causing soot
and ash to settle in the various rooms of the house
(Pascal*, 2019). Fine particles less than 10 pym (PM10)
emitted during the combustion process can enter the
lungs and even the bloodstream (OAR US EPA, 2016).
The most hazardous particles to health are fine particles
less than 2.5 um (PM2.5) (OAR US EPA, 2016).

Some scientific studies have been conducted on the
exposure of workers and villagers to fine particles
released during sugarcane burning. Le Blond etal. (2017)
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measured PM,  concentrationsin the air of communities
surrounding the fields before, during and after burning
in Ecuador and Brazil. These measurements showed an
increase in PM, , from 18-37 (ug m~) before burning to
1,807 (ug m3) during burning and 123 (ug m) during
cutting in the villages around the fields (Le Blond et al.,
2017).

PM,, concentrations during cutting are due to the
resuspension of particles in the air during the work.
Cancado et al. (2006) monitored fine particulate
matter produced by sugarcane burning for one year.
The monitoring was conducted in a city of 250,000
inhabitants in Brazil, 80% of which is surrounded
by sugarcane plantations. In the case of this city, the
burning of sugarcane plantations contributes to 60% of
the total aerosol mass.

During the combustion period, PM,; concentrations
increase on average from 28.9 (ug m=) to 87.7 (ug m)
and PM, . concentrations increase from 10.0 (ug m~) to
22.8 (ug m®) (Cancado et al,, 2006). These figures are
given as an indication because the concentrations of
fine particles found in the air are highly dependent on
climatic and meteorological conditions, such as wind,
temperature, and humidity of the ambient air. On the
other hand, it is the fine particles that have the highest
surface area per gram of material, and therefore have
the greatest affinity for retaining pollutants.

It is possible that part of the pollutants is burned or
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evaporated during the combustion process. However,
there is also the possibility that a fraction of them is
retained in the fine particles of the combustion. More
research on this problem should be carried out.

5.4 Conclusion

The way sugarcane cultivation is practiced in the
communities visited is very intensive in terms of the
use of water, soil, fertilizers, and pesticides. As seen in
this chapter, the production cycle involves the use of
agrochemicals in the phases of soil preparation, crop
handling and just before harvest.

It has also been observed that villagers hired to spray
sugarcane fields do not receive the properinductionand
training, protective equipment and medical attention
required to work with fertilizers and pesticides. These
working conditions are difficult to change because
workers are in a very vulnerable situation facing the
power of those who hire them. The way their work is
organized and paid also makes it impossible to work
in a way that guarantees workers’ health. Payment per
task favors the excessive use of pesticides and leads
to dangerous behavior when using these products.
Various labor rights violations have also been reported
and there appears to be a gap in state controls on the
observance of labor rights. Workers' rights are not
respected.

Figure 28 A
for harvest ©UNES

Intentional burning of sugarcane plots the night before harvest. B. Sugarcane sugar fields ready
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Given the employer-employee relationship in
sugarcane crops, the employer is responsible for
providing adequate protective equipment and ensuring
compliance with the General Law on Risk Prevention
in the Workplace (ALRES, 2010) and occupational
safety standards for the use of agrochemicals (ISDEM,
2012). These legal frameworks include employment
conditions for people using pesticides and personal
safety standards. Rules regarding employment
conditions include medical examination, prohibition of
employing personnel under 18 years of age, women of
childbearing age, mentally retarded persons, physically
ill persons (liver, kidneys, asthma) and illiterate persons
working with these substances (ISDEM, 2012). Workers
should also be trained in the safe use of the products
and appropriate personal protective equipment.
The equipment should be adapted according to the
hazardousness of the products used. Depending on
the products used by operators in the sugarcane fields
(e.g., 2,4-D and glyphosate), the employer must provide
during spraying: gloves (Nitrile, Butyl or Neoprene),
mask with filter (NIOSH R95 or R100 type plus Organic
Vapors cartridge), lineless rubber boots, protective suit
coveralls, safety glasses. (Annex 2, p. 111, Medardo &
Molina, 2016).

The obstacle to improving practices is associated
with the social and economic conditions of the
people working in the fields, which create a bond of
servitude with their employer that prevents discussion
and denunciation. Considering the hierarchical
organization in the sugarcane fields, the employer must
check the application of employment standards. Given
the operational nature of the caporal’s role, the caporal
should verify the way in which pesticides are applied
and compliance with the manufacturer's dosage. As

instructed by the team leader or agronomist, the worker
should correctly calibrate his instrument and wear the
PPE provided by the employer.

The effects of pesticide application, mainly by air, are
strongly felt in the communities living around the
sugarcane fields. Women and children are affected
by pesticides differently than men. This is due to
morphological, physiological reasons and to social
issues related to the sexual division of labor, the
assignation of gender roles and the subsequent
distribution of household duties. At present there is
hardly any data on the extent of these contaminations
generated in soil, rivers, well water, and food.

Interview surveys show various legal aspects of aerial
application of pesticides that may endanger the health
of residents are not respected. These are mainly
violations of Article 7, paragraphs 12 and 18 of Decree
No. 423 instructive of aerial applications of agricultural
input (MAG, 2011)2. Paragraph 7 is not respected
because the planes pass over the houses releasing
part of the spraying in houses and schools and the
safety distance of 300 m is not respected. In addition,
the sugarcane plots are adjacent to the houses.
Pesticide contamination in the food production of the
communities’ inhabitants has also been reported many
times. MAG agreement 18 is also not respected in the
sense that there is no notification of aerial application
72 hours prior to application. Consequently, people do
not take the necessary measures to protect themselves.
The hours of application can also compromise the
health of children on their way to school during
application hours. There is evidence that children have
been sprayed.

12"Agricultural aircraft must not spray pesticides over the airspace less than three hundred meters away from the following places: rivers, lakes, lagoons,
fountains, estuaries, ponds, apiaries, stables, hospitals, schools, villages, towns, public places, sheepfolds, trails, beachess”.
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Exposure of the Aquatic

6.1 Introduction

To characterize environmental exposure to pesticide
emissions in sugarcane fields, it is necessary to monitor
their concentrations in the different environmental
compartments. As mentioned above, sugarcane
fields are sprayed with agrochemicals at least three
times a year, including during soil preparation, crop
maintenance and before harvest. Some pesticides are
incorporated in solid form directly into the soil, others
are sprayed by knapsack pump or sprayed by airplane.
The type of substance used and the way it is applied
influence the probability that these substances will
reach the aquatic system and may cause adverse effects.

The objectives of this chapter are:

1. To collect data on the existing concentrations
of pesticides measured in the environment in El
Salvador.

2. To make an initial evaluation of pesticide
concentrations in the study area.

Based on the environmental concentrations found, an
initial environmental risk assessment can then be made
(Chapter 8).

6.2 Environmental Concentration in the
Estuarine Environment of El Salvador

The data on the concentrations of pesticides measured
in the different environmental compartments of El
Salvador in river and estuarine waters, sediments and
different marine organisms were recompiled. The
available data consulted are no less than 9 years old.
Therefore, data are mainly available for organochlorines
and to a lesser extent organophosphate. The main data
come from the documents entitled “Aldrin, BHC, DDT
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y Heptacloro en aguas superficiales y subterraneas de
la zona algodonera” (Calderén, 1981), “Surface and
Groundwater Contamination in selected Watersheds
in Southwestern El Salvador” (Requena & Mayton,
1991), “Informe del estado del medio ambiente marino
en el area Pacifico de El Salvador” (Rubio, 1994) and
“Muestras de sedimentos de la plataforma costera de El
Salvador libres de niveles significativos de plaguicidas”
(Barraza, 2003).

South-western coastal zone and Barra de Santiago
Ramsar Site

Regarding the wetlands of the southwestern coast,
mainly comprised of: Barra de Santiago, Garita Palmera,
San Juan, Metalio, Santa Rita, Zanjon El Chino and
Bajo Rio Paz, few studies have been carried out on
pesticides and their impact on the estuarine/fluvial
environment and mangroves. Only two studies have
been documented (Calderdn, 1981; Requena & Mayton,
1991), mostly referring to the Barra de Santiago wetland
and some measurements in surrounding rivers in some
of the geographical areas mentioned above.

Regarding the wetlands of the southwestern coast,
mainly comprised of: Barra de Santiago, Garita Palmera,
San Juan, Metalio, Santa Rita, Zanjén El Chino and
Bajo Rio Paz, few studies have been carried out on
pesticides and their impact on the estuarine/fluvial

environment and mangroves. Only two studies have
been documented (Calderén, 1981; Requena & Mayton,
1991), mostly referring to the Barra de Santiago wetland
and some measurements in surrounding rivers in some
of the geographical areas mentioned above.

Requena & Mayton (1991) stated the high concentrations
of methamidophos that were found in some of the
water samples could have produced the high mortalities
of shrimp, fish and other fauna associated with this
region, reported by the inhabitants of the area. They
also mention that the low concentrations of pesticides
found in water were probably due to the sampling
period did not correspond with the high pesticide
applications.

All concentrations measured in the Cara Sucia River
exceed the permissible limits for water solubility and
toxicity according to Paz Calderdn (1981).

Unfortunately, of the main wetlands that conform the
southwestern coast and that make up the Barra de
Santiago Ramsar Site (containing estuarine systems,
river courses, coastal and inland lagoon systems such
as: Barra de Santiago, Garita Palmera, Bajo Rio Paz, San
Juan, Metalio, Santa Rita and Zanjon El Chino) there are
no documented studies apart from the two mentioned
above. These two studies cover the little documented
information from the southwestern wetlands to the
Gulf of Fonseca.

Table 11 Measured concentrations of organochlorines and organophosphates in the south-west coastal zone and Barra de Santiago

Location Pesticides Concentration References Human Health References
Guideline Value
Surface water analysis (ug/L)
Aguachapio River a-BHC 0.01 Requena & Mayton (1991) 2 (WHO, 2006)
methamidophos 0.34 Requena & Mayton (1991) a (WHO, 2006)
Cuilapa River a-BHC 0.33 Requena & Mayton (1991) 2 (WHO, 2006)
y-BHC 0.01 Requena & Mayton (1991) 2 (WHO, 2006)
N aldrin, dieldrin 140.33 (37-341) Paz Calderdn (1981) 0.03 (WHO, 2006)
Cara Sucia River
DDT 152.1 (56.07-105.33) Paz Calderén (1981) 1 (WHO, 2006)
average value Heptachlor and .
August-January hep. epoxide 7.27 (0-10.8) Paz Calderén (1981) a (WHO, 2006)
(min. max) aey-BHC 56 (19.2-127) Paz Calderon (1981) 2 (WHO, 2006)
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Location Pesticides Concentration References Human Health References
Guideline Value
El Naranjo River a-BHC 0.33 Requena & Mayton (1991) 2 (WHO, 2006)
El Rosario River a-BHC 0.07 Requena & Mayton (1991) 2 (WHO, 2006)
Ezcanal River a-BHC 0.01 Requena & Mayton (1991) 2 (WHO, 2006)
Guayapa River Ugr 9'01
T - a-BHC DOWF.I. 0.01 Requena & Mayton (1991) 2 (WHO, 2006)
Wharf: 0.005
La Palma River a-BHC 0.07 Requena & Mayton (1991) 2 (WHO, 2006)
Sediment analysis (ug/kg d.w)
paraquat 34 Requena & Mayton (1991) not applicable
a-BHC 0.5 Requena & Mayton (1991) not applicable
Barra de Santiago DDE 0.7 Requena & Mayton (1991) not applicable
dieldrin 53 Requena & Mayton (1991) not applicable
DDD 0.06 Requena & Mayton (1991) not applicable
Fish analysis (ug/kg d.w)
Mugil sp “lisa”
paraquat 40 Requena & Mayton (1991) - -
Barra de Santiago DDE 30 Requena & Mayton (1991) - -
o,p’-DDT 10 Requena & Mayton (1991) - -
Catfish
a-BHC 10 Requena & Mayton (1991) - -
Barra de Santiago v-BHC 30 Requena & Mayton (1991) 124 SFSSCESX,tZB%gf
DDE 90 Requena & Mayton (1991) - -
Mollusk Analysis (ug/kg d.w)
Anadara sp “curil”
a-BHC 10 Requena & Mayton (1991) does not exist -
y-BHC 10 Requena & Mayton (1991) 124 S?S;E;ifzrogg).s
Barra de Santiago See chapter 64.3
Heptachlor 10 Requena & Mayton (1991) 5.35 (US EPA, 2000)
DDE 10 Requena & Mayton (1991) - -
Crustacean Analysis (ug/kg d.w)
Ucides occidentalis “punche”
) a-BHC 500 Requena & Mayton (1991) - -
Barra de Santiago
DDE 10 Requena & Mayton (1991) - -
Callinectes sp “jaiba”
Barra de Santiago aldrin 10 Requena & Mayton (1991) = =

a Unlikely in drinking water
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Acajutla - Los Cobanos Area

Pesticide records are reported for the Acajutla - Los
Cobanos area (Table 12), butitisimportant to emphasize
that this report by Michel & Zengel (1998), covers with
higher priority other toxicants derived from the oil spill,
which were analyzed for petroleum hydrocarbons,
chlorinated organic compounds, pesticides, and trace
elements. Most of the oysters analyzed contained only
low levels of PAHSs, except for those collected close to an
industrial discharge channel that were up to 100 times
background levels. Only black mud accumulated in the
main harbor contained PAHs at levels of environmental
concern. Pesticides in oysters and fine-grained
sediments were below detection levels in most samples.
PCBs were also low; trace elements in sediments and
oysters varied widely, reflecting differences in loadings
and degree of bioavailability. Zinc and copper in
oysters were elevated to levels normally considered
representative of moderately contaminated sites, while
arsenic, cadmium, chromium, lead, and nickel were
not elevated at most sites. These results were generally
associated with potential sources of contamination
identified through a questionnaire on product storage,
handling and waste disposal from facilities operating in
the area which covered part of the Los Cobanos reef
system.

The system is surrounded by different fluvial courses,
one of the main ones being the mouth of the
Sensunapan river. Among the stations related to fluvial
courses, the Acajutla-Los Cébanos connection, which
is a rocky platform, and a system of rocky reef portions
has been considered.

At these stations they measured organochlorine
pesticides obtaining the following results of
concentrations per station (Table 12).

In addition to the mentioned study, only punctual data
are recorded in the estuarine waters of Barra Salada
which is also a fragmented mangrove system but of
greatimportance in the reef interaction of Los Cébanos.

In the Barra Salada system, methyl-parathion
concentrations of 0.01 and ethyl-parathion
concentrations of 0.01 mg/kg were detected in
measurements made in 1986, 1988 and 1989 (Rubio
1994). In the cliff coast of the Balsamo Mountain range,
no documentation or articles were found on pesticides
associated with fluvial courses in this type of system.

The Paracentral and Eastern Coastal Plain

Theparacentralandeasterncoastalplainischaracterized
by the largest extensions of mangroves and estuarine
systems (Jaltepeque and Jiquilisco), fragments of small
inland wetlands, as well as riparian vegetation typical of
fluvial ecosystems such as the Bajo Lempa, Grande de
San Miguel River and to a lesser extent the Jiboa river.
All these sectors in the seventies were used for several
extensions of cotton cultivation.

At the present time, all these sectors are subject to
sugarcane cultivation, containing a wide extension
of hectares. Despite the relevance of the mentioned
ecosystems, there are few studies on the subject and
some specific data.

Rubio (1994) detected high concentrations of
organochlorine compounds in the Jiboa River, with
higher concentrations at the mouth of the river.

Dominguez & Paz (1985), cited by Rubio (1994),
determined organophosphorus and organochlorine
pesticide residues in fish, crustaceans, and mollusks in

Table 12 Concentration in upstream rivers in the Acajutla - Los Cébanos area.

Location Pesticides Concentration Human Health References
Guideline Value
Surface water analysis (ug/L)
. up: 260 See chapter 6.4.3
El Almendro River Total DDT down: 260 206 (US EPA. 2000)
. . up: 38 See chapter 6.4.3
Huiscoyol River Total DDT down-18 206 (US EPA. 2000)
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the Jaltepeque estuary. The results are presented in the
following table (Table 14):

Of all the groups of organisms studied, curiously
the lowest concentration or zero concentration
corresponds to the species Caranx sp with 0.0 ppm
concentration of the organophosphate Paradoxon
and the highest concentration was detected for the
organochlorine BHC 1.47 mg/kg d.w in the same genus
of fish mentioned above.

This was followed by the organochlorine compound
heptachloro-epoxide with a concentration of 1012.2.
mg/kg b.w. in Anadara sp tissue.

Unfortunately, the information is limited in terms of
spatio-temporal period, lethal concentrations, limits of
detection and quantification (not detailed). However, it
is important to mention this is the only study available
and it refers to living organisms from this geographical
area.

Wetlands of the Eastern Region

This case is specifically focused on Jiquilisco Bay and
the Gulf of Fonseca respectively, in terms of surface
area and mangrove coverage, primary and secondary
estuarine channels and remnants of alluvial swamps are
the ones with the largest surface area. Both wetlands
support the most important artisanal fishery in El
Salvador and in the case of Jiquilisco Bay is where the
most important shrimp farming (series of ponds in
large quantities of marine shrimp culture) of marine
shrimp (L. vannamei and L. stylirostris) of El Salvador is
concentrated. It is also home to the largest extraction
of “black shells”, “curiles” (genus Anadara sp) in the
country.

As with the previous wetlands, research on pesticides is
minimal and there is only occasional data.

Lopez Zepeda (1977) cited by Rubio (1994), conducted
a study of organochlorine pesticide residues in some

Table 13 The concentration level measured in the Jiboa River (Rubio, 1994).

Location Pesticides Concentration
Surface water analysis (ug/L)
aey-BHC 36.95 (0-96)
Jiboa River upper and middle part and mouth aldrin. dieldrin 45.2 (24-101)
Average value August-January (min. max) DoT 110.1 (21.9-292)
Heptachlor and hep. epoxide. 13.6 (0-76)
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fish, mollusks and crustaceans in the Bay of Jiquilisco
as shown in Table 15, the highest concentrations
were detected in DDT in the group of fish as follows:
Cynoscion sp “curvina” 2.33 mg/kg b.w.; Mugil sp
“chimbera” 1.86 mg/kg b.w.; Pomadays sp “ruco” 1.79
mg/kg b.w.; second for the mollusk group: Anadara sp

“curil” 0.75 mg/kg b.w. and Mytella sp “churria” 0.62
mg/kg b.w.

The seasonal periods in which the work was carried
out and permissible concentration limits for aquatic
species are not reported in the mentioned study.

Table 14 Organophosphorus and organochlorine pesticides present in the Jaltepque Estuary: (Taken and adapted Dominguez & Paz 1985).

Taxa Pesticides Concentration (ug/kg d.w) Comments
Fish analysis (ug/kg d.w)
BHC 202.9
DDT-totals 89.0
Arius sp Endrin-Aldrin 0.0
Heptachlor-Epoxide 141.8
BHC 1470.0
DDT-totals 2302.0
Endrin-Aldrin 100.0
Caranx sp Heptachlor-Epoxide 0.0

Caranx sp “jurel” species with pelagic characteristics

Paradoxon 0.0 in their adult, pre-adult and juvenile forms enter
estuaries occupying the water column.
BHC 147
Endrin-Aldrin 105.2
Pomadays sp Heptachlor-Epoxide 1249
Pomadasys spp “ruco” epibenthic species that usually
R e occupies the middle column of the water body.
Crustacean analysis (pg/kg d.w)
Callinectes sp “jaiba” benthic organism with relatively
Callinectes spp Paradoxon 0 short movements, pre-adult larval stages depend
100% on the estuary.
Litopenaeus sp “shrimp” Epibenthic species of
Litooenaeus s Paradoxon 16.8 moderate mobility within estuaries. Larval, juvenile
P P ’ and pre-adult forms within the estuary, adults migrate
to the open sea.
Analysis of mollusks (ug/kg d.w)
DDT-totals 16.7
Endrin-aldrin 5
Heptachlor-Epoxide 1012.2
Anadara sp Anadara sp “curil” benthic organisms of muddy
Paradoxon 1222 bottoms entirely sessile. 100% of its life cycle depends

on estuarine/mangrove interaction. Ideal organism
for pesticide and heavy metal detection studies.
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Therefore, the present analysis is limited. Another study
that was carried out with emphasis on marine shrimp
farms (L. vannamei) cultivated and located mainly in
Bahia de Jiquilisco western sector by Nomen et al.
(2012), with emphasis on determining organochlorine
and organophosphorus pesticides in cultivated shrimp,
soil, sediment in ponds and sediment and water around
the ponds. Samples were taken during the dry season
(January-March) and rainy season (June-August).

Nomen et al. (2012) reported that in soil samples
around the ponds heptachlor, endrin, dieldrin. p,p’-DDE
and p,p’-DDT were found in concentrations above the
limits of quantification (LOQ) and p,p’-DDE was found
in concentrations in the range of 3.85 to 19.61 mg/L.

The study concluded that organochlorine compounds
are present in Jiquilisco Bay trapped in sediment, which
have been reported since 1980. They were not found in
cultivated shrimp, nor in water or sediment within the
studied ponds.

Normen et al (2012) determined organochlorine and
organophosphorus pesticides in “marine shrimp”
farming areas. This article reports levels of X-HCH, p,p’-
DDT, p,p’-DDE, p,p'-DDD, endrin, dieldrin, heptachlor,
parathion, methyl parathion and ethoprophos in soil
(20 cm), sediment (3 cm), “marine shrimp” (L. vannamei)
and water in three ponds and sediment (5 cm) and
water around the ponds in Jiquilisco Bay. Sampling was
conducted during the dry season (January-March) and
rainy season (June-August).

The presence of pesticides in water, shrimp and pond
sediment samples was not detected at any station. In soil
samples around the ponds heptachlor, endrin, dieldrin,
p.p'-DDT and p, p’-DDD were found in concentrations
above the limits of quantification (LOQ) and p,p’-DDE
were found in concentrations ranging from 3.85 to
19.61 pg/kg. In samples of estuarine water feeding the
ponds, dieldrin was detected in the range of 0.085 ug/L
and 0.182 in the dry season.

Rubio (1994) reported methyl parathion concentrations
of 10 pg/L and parathion of 10 pg/L in estuarine waters
of Jiquilisco Bay. The same author reports critical
values for the coastal stretch of the Rio Grande de San
Miguel, especially the mouth of the river for: aldrin
group 3770.67 pg/L, heptachlor 159.81 pug/L, DDT
group 63.39 pg/L and BHC 53.13 pg/L. For the Bahia de
Jiquilisco wetland this is particularly important because
the mouth of Grande de San Miguel River is part of the
mouth known as El Bajén de la Culebra (Eastern Sector
of the Bahia de Jiquilisco).

A study conducted by the U.S. Army Corps of Engineers
(1998) found chemical contamination by pesticides.
Specifically, they point to large cotton growing areas
in the southern coastal plains. In Grande de San Miguel
River they detected concentrations of 3150 pg/L of
DDT.

Therefore, any anthropogenic action of diverse agro-
industrial productive nature and others that generate
different types of discharges can directly or indirectly
influence the three countries.

Table 15 Pesticides detected in some fish, mollusks, and crustaceans in Jiquilisco Bay. Taken from Lépez-Zepeda (1977)

cited by Rubio (1994)

DDT Endrin Dieldrin Ethyl parathion
Fish analysis (ug/kg d.w)
Cynoscion sp 2.33 0.16 0.04 -
Mugil sp 1.86 0.27 0.05 -
Pomadays sp 1.79 0.07 0.52 -
Crustacean analysis (pug/kg d.w)
Litopenaeus sp 0.56 - - -
Mollusk analysis (ug/kg d.w)
Anadara sp 0.75 0.05 0.03 -
Mytella sp 0.62 0.03 0.02 0.01
Asteroideos analysis
Oreaster sp 0.35 | 0.06 | 0.02 -
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In the study by Matta et al. (2002) entitled “Hurricane
Mitch Reconstruction/Gulf of Fonseca. Contaminant
Survey and Assessment’, the authors analyzed
organochlorine and organophosphate pesticides in
samples of surface water, sediment and biota (“catfish”:
Bagre panamensis and Arius seemani; “fiddler crab™
Uca sp and “churria”: Mytella sp).

Matta et al. (2002) in the study of pesticides and heavy
metals in the Gulf of Fonseca post Micth by NOAA-AID,
sampled surface water, sediments, and biota (Bagre
panamensis panamensis, Arius seemani and Galeichthys
jordani, “catfish” and Uca sp “fiddler crab”) in El Salvador,
Honduras, and Nicaragua. Twenty-five stations for El
Salvador, 25 for Nicaragua and 25 for Honduras were
established throughout the Gulf. The samples were
processed in the Geochemistry Laboratory of Texas
AAM University, obtaining the following observations
of total DDT: the most detected chlorinated pesticides
are DDT metabolites (DDE and DDD), the highest DDT
concentrations were detected in La Unién, which
exceeded 2 mg/kg d.w followed by San Lorenzo (HON),
El Tamarindo (SV) and Estero Torcillos (NIC-HON).

In this investigation, El Tamarindo was the station where
the highest DDT concentrations were found in fish and
sediment. In addition, high concentrations of DDT were
found in mussels (Mytella sp) with 11.9 ug/kg d.w and in
sediment with 118 pg/kg. High concentrations (160 pg/
kg d.w) of diazinon (organophosphate) were also found
in fish in Bahia de la Unién.

Study of El Salvador’s Oceanic Platform

The only oceanic study including the Salvadoran
continental shelf was carried out during the visit of the
researchvessel “Urraca” where Barraza (2003), collected
sediment samples from 10 to 400 meters’ depth of water
within the continental shelf. It is important to mention,
after 50 meters’ depth species richness decreases with
few dominant species appearing.

Eight sediment samples were collected and sent for
analysis at the FUSADES integrated quality laboratory
to determine the levels of organochlorines and
organophosphates. The results indicated that the
concentration of these compounds in the eight
samples analyzed is absent or below the detection

levels of the methods used (less than 2.97 parts per
billion, NOAA US EPA), which do not represent harm to
marine biodiversity or to marine organisms associated
with the ocean bottom, such as sole, grouper, snapper,
sea bass, catfish, shrimp, crab, langoustine, etc., which
is considered an important and positive finding on the
environmental quality of the Salvadoran ocean bottom.

6.3 Methodology
6.3.1 Sampling Strategy and Plan

The development of this sampling plan is based on the
prioritization of substances of concern in the aquatic
environment as described in the sections of Appendix
11 (11.4 Prioritization of substances of concern to be
monitored in the aquatic system), the selection of the
environmental matrix (11.5 Environmental matrix to be
sampled) and selecting the analytical laboratory (11.6
Selection of analytical laboratory).

Pesticide contamination is so-called diffuse source
(as opposed to point source) contamination. Diffuse
sources of pollutants are complex to monitor because
the sources are multiple and vary in space and time.

The sampling strategy includes different aspects such
as the environmental matrix sampled, list of selected
substances (number and relevance), duration of the
measurement, frequency, number, distribution of the
sampling points and laboratory efficiency. For example,
pesticide measurement experiments in Switzerland
have shown that the best method to measure maximum
pesticide concentrations is to take frequent samples
during rainy periods (Wittmer et al., 2014).

On the other hand, it was demonstrated in this research
that a point sample tends to underestimate the
concentrations found in the environment (Wittmer et al.,
2014) and is poorly representative of the real conditions.
Laboratory performance means the analytical recovery
rate of substances obtained during contaminant
extraction using solvents of the contaminant in the
environmental matrix and the detection limits and
quantification of the applied analytical methods.

As mentioned in Chapter 5.3, there are three main
periods when cane fields are sprayed: during soil
preparation (November to January), crop maintenance
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while growing (June to August) and before harvest
(September to March). After application to crops and
soils, pesticides are transported to other environmental
compartments by runoff, air, erosion, and water
infiltration. For these reasons, water samples are taken
during the rainy period after spraying to get an idea of
the level of contamination at the time of the potentially
highest load of pesticides and fertilizers.

This preliminary sampling campaign includes the
collection of prospective samples from 4 different
environments (surface and groundwater, sediments,
and fish) to obtain a screening of the contamination
levels of certain pesticides, fertilizers, and heavy metals
in the study area. The measurement campaign includes
6 wells in the communities, 3 stations distributed in
Zanjon El Aguacate (tributary of the Paz River) and 6
stations in Garita Palmera wetland (Table 11). Analysis
of fish caught in the coastal zone and in Garita Palmera
wetland was also included in the campaign.

The following map (Figure 29) shows the location of the
different measurement points considered. The six points
selected for groundwater measurement are marked
by E1 (Paz y Progresso Il), E2 (Rancho San Marcos), E3
(San Marcos Cariales), E4 (ELl Chino), E5 (ISTA) and E6 (El
Palmo La Danta).

Different parameters were analyzed in these wells that
give access to these superficial aquifers and a profile
of major ions was made between the station at higher
elevation (E1), which constitutes the reference point
and the points at lower elevation or downstream of the
sugarcane fields (E5, E6). Paraquat, organophosphorus
and triazines were analyzed at E2, E3 and E4. These
stations are in porous aquifers (formed by sedimentary
alluvium) and therefore more vulnerable to
contamination from the sugarcane fields.

The river El Aguacate contains 3 measuring stations, the
first at the Paz River intake (E7), the second halfway to
the Garita Palmera wetland (E8, El Diamante bridge) and
the third near its mouth in the Garita Palmera wetland
(E9) (Figure 29).

Since the climatic events of 1974 and the detour of Paz
River from its initial course El Aguacate only receives
water during heavy rainfall events called “temporales”.
Water samples from the wells and the river were taken
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during the first rain events after the typical spraying
of the cane fields from late July to October. Sediment
samples were taken during the dry period to obtain
adequate conditions for sediment deposition and
less turbid water to find the streams. Details of each
measurement point are summarized in Table 16.

6.2.3 Sampling Method

For a campaign to measure organic microcontaminants
(pesticides), the use of plastics (PE, PVC, etc.) should
be avoided in any utensils that encounter the
sample and transport containers. Sample collection
and storage is done with stainless steel-teflon
(polytetrafluoroethylene) or glass tools. Samples should
be kept at 4-8°C and transported within 24 hours to the
laboratory.

At each of the measurement stations listed in Table
11, a protocol sheet is filled out with the name of the
operator, date and time, GPS coordinates, description
and diagram of the site, physicochemical parameters
of the water, meteorological conditions of previous
days, deviations from the sampling and transportation
protocol.

River and well water samples are collected in two
borosilicate bottles (4L) provided by the laboratory.
Sampling is the part of the measurement process that
induces most of the variability in the result and must be
conducted following the protocol.

River Water Sampling

Riverwatersamplingwasbasedontherecommendations
of the French Loire-Brittany Water Agency guide (AE-
LB, 2006).

Downstream of the sampling point the parameters
of temperature, pH, conductivity, turbidity, dissolved
oxygen, and Ox/Red potential were taken and recorded
in the field sheet or field diary.

For increasing the representativeness of the sampling,
composite samples of 8 liters were taken at each site.
They were formed by successively adding 1 liter of
water every 15 minutes to two borosilicate glass bottles
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Figure 29 Map of the study area including measurement stations (E1-E9), hydrographic network, type of aquifers and sugar cultivation areas.
Source: prepared based on MARN GIS coverages (2011) and land use map Basagoitia Quifionez & Flores (2016).
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4L contained in coolers. The sampling time per station
was 1 hour.

The bottle was filled completely and without air bubbles.
A precalcined aluminum square is placed between
the lid and the glass neck to avoid water contact with
the plastic. The bottle was kept in a refrigerator at a
temperature between 4° and 8°C to retard microbial
decomposition.

Samples were received by the laboratory within 24 hours
of its collection. Paraquat and glyphosate were analyzed
within 4 days and triazines and organophosphate within
1 month of sample delivery.

Well Water Sampling.

Well sampling is based on the Standard Operating
Procedure of the Scientific, Engineering, Response and
Analysis Services Contract (SERAS, 2007). Well sampling
takes place from the highest point upstream (potentially
least contaminated) to the lowest point downstream
(potentially most contaminated).

Well water sampling covers some specificities different
from surface water. Indeed, depending on the level of
utilization of the well, the water available on the surface
is standing water that does not represent the water in
the aquifer. For this reason, before collecting the sample
for analysis, the well should be purged 3 to 5 times of
its volume. During its purging, the temperature, pH,
turbidity, and conductivity parameters are measured
until stable values are obtained. This ensures that
enough water has entered the aquifer into the well and
that the sample will be representative of the aquifer. In
all cases, the water sent by the analyses must have a
turbidity of less than 50 NTU.

Samples were received by the laboratory within 24
hours of sampling. Paraquat and glyphosate were
analyzed at 4 days and triazines and organophosphates
were analyzed one month after sample delivery.

Sediment Sampling

Sediment sampling in El Aguacate River and wetland
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was based on the Swiss harmonized sediment
sampling method for quality assessment according to
ecotoxicological evaluation criteria (Casado-Martinez
etal, 2016). However, river samples were collected with
a bailer and wetland samples were collected with a 1.20
m long PVC tube with a diameter of 10 centimeters.

Sediment sampling included a composite sample of at
least 3 different points per site to obtain a representative
sample of the study area. No person enters the water
body until the deposition zones have been identified.
The sediment areas collected should be submerged
throughout the year (also during periods of low current),
contain as large a fraction of fine particles as possible,
and be in a deposition zone that is a low flow zone such
as a concave and/or vegetated area.

A person enters the river downstream of the sampling
points to avoid sediment remobilization. Sampling is
done in the downstream direction to avoid undesirable
effects due to sediment remobilization. The depth,
current and nature of the substrate of the cross section
to be sampled are determined before entering the
river. The first 2-10 cm of sediment is collected in an
uncontaminated bucket with a scoop at least three
points per cross section to form a compound sample
representative of the cross section. At each sampling
point, surface water was emptied into the scoop before
collecting the sediment in the bucket.

If the sampling is conclusive (e.g., sufficient fine
sediment in the bucket), remove stones, leaves and
other branches manually from the bucket with gloves.
The peculiarities of the sample in terms of color (color
change on contact with air), odor and consistency are
noted on the field sheet. Homogenize the contents
of the bucket with a spatula until a homogeneous
consistency, texture, and color of at least 3 L is obtained.
Sieve to 2 mm without adding water and collect the sieve
in a second uncontaminated bucket. Fill the aluminum
trays to the brim and close them with aluminum foil.
Everything is placed vertically in the cooler.

As with the river water samples, all sampling equipment
is rinsed 3 times with water from the site. The
physicochemical parameters of the water are also
measured, and a schematic diagram of the site and
sampling points is made.
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Table 16 Description of sampling stations. Without greater knowledge of aquifer dynamics, pesticide samples were taken in the wells closest
to the sugarcane fields. For fertilizer (and other major ions) analyses, only the point in the least contaminated aquifer (uppermost point of
the basin) and the wells down the sugarcane fields with higher concentrations of total dissolved solids were considered. Regarding sediment

analysis, AMPA analysis was done only at the sites closest to the sugarcane fields since they degrade rapidly.

Station code Coordinates Communities Pesticides and Sampling period
fertilizers analyzed
Well water
Community: Phosphate .
N13 49.928, . o Rainy season
El W090 05.810 Pazy Progresg Il Nitrates, Nitrites May-November
Reference Point Sulfates
E2 N13 48.325, Community: Triazines Rainy season
W090 05.44 Rancho San Marcos Paraquat May-November
£3 N13 46.709, W090 Community: Triazines Rainy season
06.844 San Marcos Canales Paraquat May-November
E4 N13 44.993, Community: Triazines Rainy season
W090 03.175 El Chino Paraquat May-November
E5 N13 44.956, Community: Ni tl::tzzprljl?tt:i!tes Rainy season
W090 05.152 Colonia ISTA ) July-October
Sulfates
E6 N13 46.75 Community: Nitf:tzzprljl?tt:tes Rainy season
W090 04.98 El Palmo la Danta Sulf'ates May-November

El Aguacate River water and sediments

£7 N13 48.532, El Aguacate River Intake In water: Glyphosate, Rainy season
W090 06.324 Reference Point Paraquat, Organophosphate May-November
) Rainy season
Paralan tﬁitg.rilzzhzzteﬁate May-November
s N13 46 32.320, El Diamante Bridge quat, Lrganophosp
WO090 05 32.164 after the sugarcane fields . . .
In sediment: Organochlorines, Dry season
AMPA, Paraquat, Heavy metals November-April
E9 N13 45 39.692, El Castafio Bridge In sediment: Organochlorines, Dry season
W090 05 24.998 after the sugarcane fields AMPA, Paraquat, Heavy metals November-April

Garita Palmera

wetland sediments

Heavy metals

E10 N13 44 51.7205, Los Mangos Organochlorines, AMPA, Dry season
WO090 05 34.9041 9 Paraquat, Heavy metals November-April
Organochlorines,
- 13° 44' 22.9094" N, £l Perol Orgar;f;‘r’:°j§thates' Dry season
090° 05 29.1064" W rad November-April
Triazines
Heavy metals
Organochlorines,
o Ap " Organophosphates,
13°44' 02.8993" N, Dry season
E12 090° 05’ 19.6747" W ElEnganche .T.;;i?::: November-April




Fish capture: Specimens of three families of fish were
captured, which were as follows: Family Ariidae,
specifically 8 adult specimens of the genus Arius
guatemalensis (“black catfish”) were captured, using
hooks N° 4 in the estuarine arm known as “El Perol”, the
specimens were measured and weighed using a tape
measure graduated in centimeters. The length (L.T.) and
weight expressed in grams (g) were taken using a digital
scale with a capacity of +/- 1 gram and recorded on the
field sheet.

In addition, 9 specimens were caught from the family
Mugilidae, specifically from the species Mugil curema
in the estuarine sector known as “La Cuchilla”. For this
purpose, 3.25-yard and Y2 inch long nets of stretched
mesh and 020 thread were used.

Finally, 3 specimens of the Lutjanidae family were
collected: 2 individuals of Lutjanus guttatus (“‘moon
snapper’) and 1 of L. novemfasciatus (“red snapper”)
using #4 hooks and pearl thread with shrimp bait. These
catches were made 2 km off the coast of Garita Palmera
in the area known as “the sunken boat.”

It is important to clarify that all the fish product was
purchased from local artisanal fishermen. The length
and weight of each fish was measured, and its species
was determined to separate the samples according to
species.
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Station code Coordinates Communities Pesticides and Sampling period
fertilizers analyzed
Organochlorines,
. " Organophosphates,
13°43' 55.3755" N, . Dry season
E13 090° 05’ 07.5614" W Bajo El Caballo Paraquat November-April
Triazines
Heavy metals
Organochlorines,
- u Organophosphates,
13°43'52.3915" N, Dry season
E14 090° 04' 54.4276" W Los Cayocos quaguat November-April
Triazines
Heavy metals
Organochlorines,
. " Organophosphates, Dry season
13°44'16.2704" N, . .
E15 090° 04' 44 5863" W El Cuje quaguat November-April
Triazines
Heavy metals
Processing of samples: each specimen caught was
. . washed, gutted, and the head and tail were cut off.
Fish Sampling

Subsequently, the muscle fraction of each individual
was cut into small pieces of 5cm x 4cm and stored in
sterilized and sealed ziplock plastic bags. Each bag
was properly identified, labeled, and coded. Each bag
was immediately frozen in a freezer. Morphological
characteristics were taken such as: fins, fin size, soft
rays, type of teeth, fresh coloration, and gill arches. For
fish identification, the following taxonomic key was
used Robertson & Allen (2015).

6.4 Results

6.4.1 Water and Sediment Quality of El
Aguacate River

Stations E7, E8 and E9 (see Figure 29 and Table 16) in El
Aguacate River were monitored between October 2020
and January 2021. Water quality was assessed at the end
of the rainy season (October 14, 2020) between station
E7 at El Aguacate intake and station E8 downstream of
the cane fields. Both stations were characterized for
their physicochemical parameters and concentrations
of glyphosate, paraquat and organophosphorus.
Station E8, downstream of the sugarcane fields was
also analyzed for its major ion content.

The flow of El Aguacate River on the sampling day was
224 (+13) liters per second. The days prior to sampling
were characterized by low rainfall (4 mm the night
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Table 17 Physicochemical parameters with standard deviation (+SD) in El Aguacate River.

El Aguacate River E7

Station upstream sugarcane fields

E8
Station downstream sugarcane fields

Physicochemical parameters

Temperature (°C) 31.3(+0.2) 29.2 (+ 0.2)
pH 83(+0.) 71(+0.0)
Dissolved oxygen (mg/L) 8.2(+0.2) 4.8(+0.3)
Redox potential (mV) 949 (+1.2) 299 (+ 2.1)
Conductivity (uS/cm) 400.2 (+ 2.7) 1006.3 (+ 4)
TDS (mg/L) 2004 (+1.5) 502.0 (+ 2.9)
Turbidity (NTU) 32.0 (+10.6) 27.0(+ 20.7)
Transparency (cm) 30 (+10) >15 cm*

before), although this was still the rainy period. The
last rainfall with significant amounts was on October
5 with 45 mm. However, it was noted that this year's
rainfall regime was particularly disturbed by the
passage of tropical storms “Amanda” (May 30-31, 147
+20 mm accumulated in 48 hours in the study area)
and “Cristobal” (June 1-12, 417 +38 mm of rain in 12
days) which induced several floods in the area. Rainfall
levels for May and June this year (683 mm), recorded
in the community monitoring network, is a factor of
2.5 higher than in previous years (258 mm according to
CLV (2018).

The day of sampling was sunny. The following table
shows the results obtained for water quality obtained at
the entrance of El Aguacate River (E7) and at the station
downstream of the sugarcane fields (E8).

The pH measured in the water upstream of the reed
beds corresponds to normal values for surface water
(8.3). The pH value drops by 1.2 points downstream
of the sugarcane fields but remains within the values
that allow the development of aquatic species (6.5-
9). This acidification is due to heavy rainfall (a natural
phenomenon) and to soil acidification induced using
certain nitrogen fertilizers (Barak et al., 1997). The
reduction in dissolved oxygen and redox potential, and
the increase in TDS could indicate the introduction of
a reducing or oxygen-consuming component to the
water, such as the introduction of organic matter into
the river.

The redox potential is a measure of the river's ability to
purify itself of pollutants and organic matter. It depends

on the oxygen present in the system whether it can help
the degradation of these molecules. Healthy surface
waters should have a positive potential of 300-500 mV
(Sendergaard, 2009). The redox potential and pH are
also important in determining the speciation pattern of
metals and metalloids and the reduction or oxidation of
different organic molecules (Plant et al., 2003; Williams
& Frausto da Silva, 2006).

The oxygen level at the entrance of El Aguacate River
corresponding to that of the Paz River is particularly
good with a value of 8.2 mg/L, which is above the
theoretical 100% at this temperature and conductivity
(7.38 mg/L). This result can be explained by the high
phototrophic productivity at this time of day (11:05 am).
The oxygen level at the measuring station at 4500 m
downstream of this station drops drastically with a value
of 4.8 (mg/L), i.e., only 63% oxygen saturation. In the
case of warm waters (tropical climate), the WHO water
quality criterion sets a value of 5-6 mg/L for biota as the
minimum dissolved oxygen concentration (Enderlein
et al, 1996). Exposure to lower values makes fish
more susceptible to disease and environmental stress
(Wilson, 2010). Low oxygen and pH values can increase
the toxicity of metals (Zn, Pb, Cu) to aquatic organisms
(Enderlein et al., 1996). Dissolved oxygen values below
3 mg/L are lethal to most fish species (Wilson, 2010).

This oxygen saturation indicates a higher oxygen
demand than produced by photosynthetic organisms.
Biological oxygen demand increases with the
microbiological decomposition of organic matter in
the stream. In agricultural areas, uncontrolled growth
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of aquatic algae, and subsequently of organic matter,
indicates an overabundance of nutrients (nitrate,
phosphorus) due to leaching of fertilizers. This process
is called accelerated eutrophication.

Conductivity is an indicator of the total concentration
of dissolved ions in the water, including cations (Na+,
K+, Ca+, Mg2+ etc.) and anions (CO32-, NO3-, PO42-
, SO42-, etc.). The increase in their value between the
station above and the station below the sugarcane fields
indicates contamination. The conductivity increases
by a factor of 2.5 after sugarcane fields (1006 uS/cm)
compared to the value at the entrance of El Aguacate
river (400 puS/cm). This increase may be due to fertilizer
leaching, which increases nitrate, phosphate, and
potassium concentrations in the water.

The measurement of total dissolved solids (TDS)
corresponds to the concentration of dissolved ions
in the water. In clean seawater, it corresponds to the
salinity values. In this river, other molecules inionic form
probably also contribute to the total TDS load, such as
urea and other fertilizers. The TDS value reported by
the sonde is calculated from the conductivity values,
there is also a factor of 2.5 between upstream and
downstream.

Turbidity is another way of measuring water
transparency. It depends on the presence of
mineral particles (clays, limes) and organic particles
(phytoplankton, microorganisms, dissolved organic
compounds). To protect aquatic life, the CCME
recommends an increase of no more than 8 NTU over a
short period of time or 2 NTU over a long period of time
compared to background values (CCME, 2002). The
measured turbidity values (29.5 NTU) are on average
24.75 NTU higher than the average of values reported
in dry periods at 4 sites in the Paz River (B-01 to B-04-
RPaz in MARN, 2017), indicating very pronounced
erosion in the watershed.

Turbidity values are not significantly different between
the stations above and below the sugarcane fields.
The precision of the turbidity measurement by the
transparent tube does not allow us to highlight a
significant difference. It should also be noted that there
was a sedimentation basin upstream of the sampled
site in El Aguacate River (station E7). The level of
transparency measured with the Secchi disk (30 cm) at
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the entrance of theriver is at a limit value characterized
by excessive turbidity for fish survival (Boyd, 2004).

To complete this assessment, a water sample was
analyzed to determine its major ion composition
(results in mg/L Table 18). The sulfate concentrations
are ten times higher than the values measured at the
reference value for the site upstream of the watershed.
Sulfates are not directly toxic, but can form strong acids
in the water, which could explain the lower pH values
compared to water from the upstream site.

This high abundance of sulfates could be explained by
the use of chemical fertilizers in the fields. However,
the results indicate a good buffering capacity (high
alkalinity) that allows pH stabilization. The measured
total phosphate levels represent a serious threat of
hypertrophy that could further decrease oxygen
levels in the dry period when temperatures and ion
concentrations increase due to evaporation.

Observations in the station located downstream the
sugarcane plantation (E7) revealed the following: in the
river substrate, fine sand mixed in certain backwaters
with mud, brown coloration (with a mixture of whitish
color), a slight presence of foam was observed. There
was no iron sulfide, nor clogging, with solid waste,
organic and inorganic waste could be distinguished with
heterotrophic organisms, green algae (macrophytes)
were present in small quantities. With respect to
aquatic vegetation, only “water lettuce” was identified.
Other observations suggest that the algae were rich in
nutrients, “chimbolos” (family Policidae) were observed,
and the surrounding vegetation was highly disturbed
with sugarcane fields, “higerrillos” (Ricinus commnunis)
and “hemelina” (Hamelia sp).

Samples taken upstream and downstream of the
sugarcane fields did not detect glyphosate, paraquat
and organophosphate. The limit of quantification
(LOQ) for glyphosate by the analytical method used
was 64 pg/L. This LOQ is low enough to indicate that
these water samples do not represent a risk to aquatic
species from this herbicide. This assessment was based
on the latest chronic environmental quality criterion
developed by the Swiss Ecotoxicology Centre set at 120
ug/L (Ecotox Centre, 2016a).

The detection limit for paraquat analysis is 106 pg/L.
The Australian Government proposes a guideline value

(2 CENSALUD

W VST DSHROLDDNSALD
5= UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Table 18 Results of major ion analysis of El Aguacate River at station E8.

Concentration

Guideline values

(mg/L) for environment (mg/L) Comments Interpretation
Calcium
(Caz+) 772 ] ]
Chloride
() 3495 ] ]
C;ir:;zzt:ai:d For protection of aquatic Gt bur&?;:‘? c_apaaty i
434.32 >20 mg/L life should not be lower
1
(CO3%/HCOs3-) il A0 g Very alkaline water
Potassium
(K*) 9.23 - - -
Magnesium
(Mg2") 24.9 -
Sodium
(Na*) 394 ) ) ]
Nitrite , L
(NO?) - <0.05mg/LN Absence of nitrites -
Nitrates At this concentration, there Contamination from
2.3800.54 (mg/L N) <1.5 mg/L N2 are no evident harmful o
(NO,) . fertilizer runoff.
3 effects on biocenoses.
Hypertrophic level
Orthophosphates . - Contamination from
(PO4*) s @ 0LS el 2 SOl Risk of environmental fertilizer runoff.
asphyxia
May form toxic sulphides in
an anaerobic environment
Sulfates 3841 . - Contamination from
(SO4%) ' It can form strong acids fertilizer runoff.
that reduce the value of
the pH.3

LUS EPA, 2002, p. 2002
2 Stucki, 2010
3 DEP Kentucky, 1997

for the protection of the aquatic system of 0.5 pg/L
(AGlI, 2000). Although this guideline value is not reliable
due to the lack of toxicological data, the detection limit
does not rule out a risk to aquatic organisms.

The organophosphates measured in the river water
are below the detection limit mentioned in Table 19.
However, most of the detection limits are above the
ecotoxicological limits, so a risk cannot be ruled out.

6.4.2 Water Quality in the Wells

The depth and the level of the aquifers as a function of
sea level on the day of sampling are indicated in the first

lines of the table below (Table 20). The measurement
points have been ordered from left to right according
to their elevation above sea level starting from the well
at the upstream end to the well at the downstream end.

To situate the level of the aquifers according to their
variations in the year, the annual average of the
measurements over 12 months, as well as the maximum
and minimum recorded are also shown in the same
table based on monthly data from February 2019 to
January 2020.

All points in the sampled aquifer are shallow, especially
points E2 to E6 (2 to 3.1 meters). Point E1 is the reference
station located in the upper part of the basin (about 24
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Table 19 Contaminants analyzed, laboratory analytical performance (LOD limit of detection: LOQ limit of quantification), reference values
for the protection of the aquatic environment, analytical results of selected sites.

Contaminant Analytical performance Interpretation Sites
LOD LoQ Guideline values for Station above the Station below the
(ng/L) (pg/L) aquatic environment cane fields cane fields
(ng/L) E7 E8
Aminophosphonate
Glyphosate | 21 | 64 | 120a | Nd | Nd
Bipyridyls
Paraquat | 35 | 106 | 0.5 | Nd | Nd
Organophosphate
Chlorpyrifos 6 17 4.6*10“a Nd Nd
Diazinon 7 21 0.1699c¢ Nd Nd
Dichlorvos 12 38 0.132d Nd Nd
Ethyl parathion 5 16 0.013c Nd Nd
Ethion 36 118 0.028d Nd Nd
Malathion Nd Nd
Methyl parathion 8 25 0.1c Nd Nd
Pirimiphos Methyl 7 21 0.055c¢ Nd Nd
Triazophos 15 45 - Nd Nd

Nd: Not detected

a: Chronic exposure quality criteria of the Swiss Ecotoxicology Centre (Ecotox Centre, 2021).

b: Chronic water quality criteria in China (Tt et al., 2019).

c: Criterion Continuous Concentration of the United States Environmental Protection Agency (OCSPP US EPA, 2015a).
d: Acute toxicity value of the United States Environmental Protection Agency (OCSPP US EPA, 2015a).

Table 20 Description of sampled wells including: piezometric level as a function of soil (soil water depth in meters), piezometric level as a
function of altitude, mean annual piezometric level (standard deviation), minimum recorded piezometric level, maximum piezometric level.

Well stations El E2 E3 E4 E5 E6
Pazy Progreso San Marcos San Marcos El Chino Colonia ISTA El Palmo
Ranch Caiiales la Danta
Water depth 6.1 2.5 31 2.0 2.5 1.98
Aquifer level 23.88 9.50 5.90 2.00 12.47 NA
(msnm)
Annual aquifer
level (SD 23(0.7) 7.9(0.7) 4.2(0.8) 0.8 (0.9) 114 (0.9) NA
Minimum aquifer 2216 6.93 2.65 -0.97 9.80 NA
level
bR ITIWER IS 24.50 9.25 5.50 240 12.82 NA

level

NA: Not available
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meters above sea level). The water at this point comes
from an aquifer of volcanic origin and is not vulnerable
to surface contamination. In contrast, pointsE2to E6 are
in porous aquifers composed of unconsolidated sand
and gravel (MARN, 2013b). These types of aquifers are
very productive (good profitability in terms of available
water volumes and are easily recharged). However, they
are also much more sensitive to surface contamination
(e.g., fertilizers and some pesticides). The aquifers in
the communities of San Marcos Cafiales and El Chino
are close to sea level (5.9 and 2 meters). The sampling
month (October 2020) corresponds almost to the
maximum level recorded in the period from February
2019 to January 2020.

The following table (Table 21) summarizes the
physicochemical parameters including temperature,
pH, conductivity, and total dissolved solids. Each
parameter is accompanied by the average recorded in
May 2019, February, and October 2020.

From the limited data available, temperature and pH
values are close to the annual average. The waters
are neutral to slightly acidic (pH below 7). This could
be explained by the precipitation (acidic water) that
occurred in the days before sampling and the elements
present in the soils (dissolved ions).

Conductivity and TDS in the Rancho San Marcos (1005
pS/cm), El Chino (1744 pS/cm) and El Palmo La Danta
communities are high compared to the reference
station (E1 470 uS/cm). The Colonia ISTA and El Chino
stations have significant phreatic level conductivity
fluctuations during the year (+400 pS/cm).

Theredox potential of the sampled wells shows oxidizing
values for wells E2 to E6 and reducing conditions for E1.
E2 to E6 are located in porous coastal aquifers, which
explains the aerobic conditions (McMahon, 2010). In
contrast, the aquifer of volcanic origin at the upstream
point exhibits anaerobic and reducing conditions.

The following table (Table 22) resumes the results
obtained for the major ion analyses in three community
wells (E1, E5, E6). Elrepresents the reference point that
characterizes the type of water present in the aquifer
upstream of the crops. The water is sodium bicarbonate
type (GIH UES, 2021) because its composition is mainly
formed by bicarbonate as anions and sodium as cation.

An increase in nitrate and phosphate concentrations
from upstream to downstream of the basin could
indicate contamination by NPK fertilizers. Nitrates are
absent in the reference waters upstream of the basin
(E1) and are found in the aquifers downstream (E4).

Table 21 Physicochemical parameters of the aquifers on the day of measurement and the average recorded from May 2019 to October 2020.
The parameters reported are temperature, pH, conductivity, total dissolved solids, and redox potential

Well stations E1 E2 E3 E4 E5 E6
Pazy Progreso Il San Marcos San Marcos El Chino Colonia ISTA El Palmo
Ranch Cafiales la Danta
T(C)* 24.5 29.2 30 29.6 284 26.1
Average May 2019-October
2020 (standard deviation) 294 (0.1) 29.2(0.1) 30.1(0.3) 29.7(0.5) 29 (0.4) NA
pH 6.7 7.0 7.2 6.9 7.0 7.33
Average May 2019-October
2020 (standard deviation) 6.7 (0.2) 7.2(0.1) 74(0.1) 71(0.9) 7.3(0.2) NA
Conductivity (uS/cm)* 470 1005 802 1744 549 3000
Average May 2019-October
2020 (standard deviation) 481 (30) 1033 (19) 825 (15) 1329 (388) 1158 (407) NA
TDS (ppm) * 235 504 401 872 271 1503
Media annual
(Standard deviation) 266 (51) 570 (111) 456 (89) 710 (130) 651(294) ND
Redox Potential (mV)* -0.3 17.7 28.8 12.5 22.1 50.1
Media annual NA NA NA NA NA NA

NA: Not available
*The day of measurement
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Table 22 Measured concentrations of majority ions (mg/L).
Well stations El E5 E6
Pazy Progreso Il Colonia ISTA El Palmo la Danta

Ca* 23.55 31.08 83.95
ct 38.45 60.68 594.21
CO3%/HCOs 226.92 204.95 732.00
K* 47.20 74.90 24.30
Mg? 7.30 5.78 26.75
Na* 25.80 27.50 290.00
NOz - - -
NOs- - 10.30 0.30
PO+* 0.39 131 2.34
SO4* 33.17 85.74 619.05

Phosphates increase by a significantly higher factor
(3.4) than all other ions (0.8-1.6). However, the analyses
of majority ions do not show exceedances of drinking
water standards for nitrates (50 mg/L) and nitrites (3
mg/L) (E. Alvarez & Rodriguez Pacas, 2001) and even
have low concentration values that can be explained by
the rainy season.

However, the physicochemical parameters found,
and the concentrations of certain majority ions make
well water unacceptable for human consumption. Not
due to toxicological factors, but for taste acceptability
criteria. The WHO recommends a TDS load of <600mg/L
and sulfate concentrations of <250mg/L and sodium
of <200 mg/L (WHO, 2006). These factors explain why
communities such as El Chino and El Palmo La Danta
no longer use water from their wells for drinking or
cooking. It should also be noted that sodium and
chlorid increase considerably from E1 to E6, indicating
that there may be some influence of seawater (marine
intrusion) to the surficial aquifer. The Na/Cl ratio in
meq for E1, E5, E6, is 1.04, 0.70 and 0.75, respectively.
If compared with the Na/Cl ratio for seawater which is
0.78, it is clear that E5 and E6 probably do have some
seawater contribution.

The next table (Table 23) presents the concentrations in
milliequivalents per liter to calculate the ionic balance
and ionic ratios based on the methodology presented
by Zufiga et al., 2010 for the study of salinization in the
coastal zone of Antioquia (Colombia).

The error in ion balance ranges from 11% to 18%,
which is quite high but still an acceptable level based
on Nordstrom et al,, 2009. An ion balance that is not
in equilibrium may be the result of a lack of analysis
of minority elements present in high concentrations
(e.g., trace metals), of an error in acid water analyses
(contribution of H+ ions) (Zufiga et al., 2010).

The rNa/rCa and rNa/rCa+Mg ion ratios increase
dramatically from 0.95 and 0.76 between the Paz y
Progreso Il reference site to 3.01 and 2.38 at El Palmo
la Danta, showing an increase in sodium ions. This is
also the case for rCl/rHCO3 which rises from 0.29 to
1.4 showing an increase in chloride levels in the water.
Inland waters contain a ratio of 0.1 to 5 and 20 to 50
in seawater. A study conducted in this area found that
this salinization does not come from saline intrusion
from the sea, but from land use and irrigation (Campos
Hernandez, 2016). However, as mentioned before, the
Na/Cl ratio in meq of wells E5 and E6 are similar to
seawater.

FAO recommendations irrigation should be limited
from low to medium in sites with TDS between 450-
2000 mg/L, electrical conductivity between 700-3000
pS/cm, sodium ionic concentration > 3 (meq), chloride
ionic concentration between 4-10 meq (Ayers &
Westcot, 1994). These indices show that low or medium
restriction measures should be taken at the beginning of
the dry season to ensure long-term protection of soils
and crops in the communities of Rancho San Marco, El
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Table 23 lonic concentrations expressed in milliequivalents per liter, ionic balance, ionic ratios for selected chemical elements.

E1l E5 E6
Pazy Progreso Il Colonia ISTA El Palmo la Danta

meq/L meq/L meq/L
Ca* 118 1.55 4.20
Cl- 1.08 171 16.76
CO3%/HCOs 3.72 3.36 12.00
K+ 121 192 0.62
Mg* 0.30 0.24 110
Na* 112 1.20 12.61
NO2 0.00 0.00 0.00
NOs- 0.00 0.17 0.00
PO4+* 0.01 0.03 0.05
SO4* 0.69 179 12.89
lonic balance -1.70 -1.37 -6.40
Load unbalance (CI) -18.21 -11.45 -10.63
rMg/rCa 0.26 0.15 0.26
rNa/rCa 0.95 0.77 3.01
rNa/rCa+Mg 0.76 0.67 2.38
rCl/rHCO3 0.29 0.51 140
rSO4/rCl 0.64 1.04 0.77

Chino and El Palmo La Danta.

Table 24 shows the results obtained in the analysis of
paraquat and organophosphorus triazines in the well
water during the rainy season.

The 3 samples taken did not detect glyphosate or
paraquat. The limit of quantification for glyphosate was
64 pg/L. This limit is low enough to conclude, based on
these results that these water samples do not represent
a risk for human consumption of glyphosate at the 5
mg/L limit cited in WHO (2006).

The limit of quantification for paraquat analysis is
106 pg/L. The Canadian government establishes a
maximum acceptable concentration for this pesticide
in drinking water of 7 ug/L (Canada, 2005). The limit
of quantification for this analysis does not completely
discard a risk to human health.

The same observation can be made for chlorpyrifos
and atrazine, which have limits of quantification
slightly higher than the values in the health protection
guidelines. It is also not possible to rule out a risk to
human health for simazine and terbuthylazine because

their quantification values are 59 and 15 times higher
than the guideline values.

6.4.3 Fish and Sediment Analysis of the Garita
Palmera Wetland

Four fish samples were analyzed for bioaccumulative
pesticides, such as organochlorines. Some
insecticides with hydrophobic characteristics, such as
organophosphates were also analyzed.

Depending on the size of the fish, composite samples
were prepared to obtain a sufficiently large net mass for
analysis and to increase representativeness. Fishermen
who caught snappers were unable to differentiate the
two species (Lutjanus guttatus, L. novemfasciatus).
Therefore, these two species were separated for the
analyses.

The table below (table 25) shows for each fish sample,
mean length, mean weight per species and the weight
of the analyzed sample after dissection. Each pesticide
analyzed is accompanied by the laboratory’'s limit of




@ Liren

WNLS Suisse

< CENSALUD

[ 00 NISTGCON DEHROLO D
€525 UNIVERSIDAD DE EL SALVADOR

Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

Table 24 Results of pesticide analysis of well water, including laboratory analytical performance and human health guideline values.

Contaminant Analytical performance Interpretation Sites

Guideline values E2 E3 E5

LOD (ug/L) | LOQ (pug/L) | for human health Rancho San San I\:Iarcos El Chino
(ng/L) Marcos Caiiales

Bipiridilos
Paraquat* 35 106 7b Nd Nd Nd
Organophosphate
Chlorpyrifos 6 17 30 Nd Nd Nd
Diazinon* 7 21 - Nd Nd Nd
Dichlorvos 12 38 - Nd Nd Nd
Ethyl parathion ** 5 16 = Nd Nd Nd
Ethion 36 118 - Nd Nd Nd
Malathion** = Nd Nd Nd
Methyl parathion ** 8 25 - Nd Nd Nd
Pirimiphos Methyl *** 7 21 - Nd Nd Nd
Triazophos * 15 45 - Nd Nd Nd
Triazines
Ametrine 138 419 - Nd Nd Nd
Atrazine 92 280 100a Nd Nd Nd
Simazine 118 358 2a Nd Nd Nd
Terbuthylazine 104 317 7a Nd Nd Nd
Terbutryn 122 370 - Nd Nd Nd

*[t is unlikely to occur in drinking water.

**Appears in drinking water at concentrations much lower than those of concern to health.

*** Not recommended for use in vector control in drinking water.
a: WHO, 2006
b: Canada, 2005

detection (LOD) and limit of quantification (LOQ). Since
the pesticides of concern have not been detected, a
risk to human health can only be ruled out if the LOQ is
below the toxicity threshold. The RfD (Reference Dose)
toxicity thresholds are from the document “Guidance
for Evaluating Chemical Contaminant Data for Use in
Fish Warnings” (US EPA, 2000).

To calculate a limiting concentration in fish, the Rfd
was used with the scenario of a subsistence fisherman
who eats 170 (g) of fillet per day and has a mass of 70
kg. These parameters were estimated from the daily
consumption and weight of adults from the same
document U.S. EPA 2000.

Comparison between the calculated limits and the
limit of quantification shows that consumption of
these fish does not represent a risk to human health

at the levels of the organochlorines dieldrin, endrin,
endosulfan, heptachlor, HCB, DDT, lindane and the
organophosphates chlorpyrifos, diazinon and ethion.

Sediment samples were collected at eight sites during
the dry period between January 12th and 14th. Sites E8
and E9 are located along the El Aguacate River and sites
E10 to E15 are located downstream of the river mouth
in the Garita Palmera wetland, as shown in Figure
29. The following table resumes the main sediment
characteristics and oxygen level in the water column
(Table 26).

All the sediments sampled contained a high to
remarkably high proportion of fine particles because the
sites sampled are in depositional zones with a slow flow
regime. The sample taken at E8 (directly downstream
of the sugarcane fields) differs the most from the other
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Table 25 Results of the analysis of fish samples collected in the wetland and coastal zone of Garita Palmera. LOD: Limit of detection of the pesticide, LOQ: Limit of quantification. RfD:
Estimated reference dose of the pesticide for daily human exposure that does not represent a risk of adverse health effects during the lifetime of the pesticide. Calculated limit value:
Estimated limit value of the concentration in nets for subsistence fishermen.

Analytical performance Interpretation Fishes
Contaminants ( LOD Lo Chronic RfD (mg/ | Calculated limit value Bi:‘:'f‘lssﬁa White mullet Sp:::;::se Pacific dog snapper

mg/kg) (mg/kg) kg-d) in fish (mg/kg) Cathorops sp Mugil curema guttatus L. novemfasciatus
Number of individuals 8 14 1 2
Average weight per individual in grams (+SD) 320.8 +77 334 +6.5 1240 629.5 (+75.7)
Average size per individual in centimeters (+SD) 30.2+ 6.5 139+12 44 34+ 0
Weight of fillet sample (g) 1352 241 720 693
Organochlorines
Aldrin 6.10E-05 1.00E-04 Nd Nd Nd Nd
Dieldrin 7.00E-05 1.20E-04 5.00E-05 2.06E-02 Nd Nd Nd Nd
Endrin 8.30E-05 170E-04 3.00E-04 1.24E-01 Nd Nd Nd Nd
Endrin aldehyde 5.50E-05 1.10E-04 Nd Nd Nd Nd
Endrin ketone 4.90E-05 1.00E-04 Nd Nd Nd Nd
Endosulfan sulfate 6.30E-05 1.30E-04 6.00E-03 2.47E+00 Nd Nd Nd Nd
Heptachlor 2.20E-05 4.00E-05 1.30E-05 5.35E-03 Nd Nd Nd Nd
Heptachlor epoxide 2.20E-05 4.00E-05 Nd Nd Nd Nd
Hexachlorobenzene HCB 1.07E-04 2.10E-04 8.00E-04 3.29E-01 Nd Nd Nd Nd
Methoxychlor 6.70E-05 1.30E-04 Nd Nd Nd Nd
p,p -DDT 8.80E-05 1.80E-04 Nd Nd Nd Nd
p.p'-DDD 3.80E-05 8.00E-05 Nd Nd Nd Nd
p.p’-DDE 5.60E-05 1.10E-04 Nd Nd Nd Nd
Total DDT 1.82E-04 3.70E-04 5.00E-04 2.06E-01
a-endosulfan 1.90E-05 4.00E-05 Nd Nd Nd Nd
a-HCH 4.40E-05 9.00E-05 Nd Nd Nd Nd
[-endosulfan 3.00E-05 6.00E-05 Nd Nd Nd Nd
B-HCH 9.70E-05 1.90E-04 Nd Nd Nd Nd
y-HCH 1.17E-04 2.30E-04 3.00E-04 1.24E-01 Nd Nd Nd Nd
d-HCH 2.50E-05 5.00E-05 Nd Nd Nd Nd
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Analytical performance Interpretation Fishes
Contaminants ( LOD Loa Chronic RfD (mg/ Calc.:ula!ted limit value B::::::a Whi?e mullet SP:::;:::SG Pacific dog sn?pper
mg/kg) (mg/kg) kg-d) in fish (mg/kg) Cathorops sp Mugil curema guttatus L. novemfasciatus

Organophosphates

Chlorpyrifos 5.70E-03 1.73E-02 3.00E-04 1.24E-01 Nd Nd Nd Nd
Diazinon 7.00E-03 2.12E-02 7.00E-04 2.88E-01 Nd Nd Nd Nd
Dichlorvos 3.80E-03 1.16E-02 Nd Nd Nd Nd

Ethyl parathion 5.10E-03 1.55E-02 Nd Nd Nd Nd

Ethion 1.18E-02 3.57E-02 5.00E-04 2.06E-01 Nd Nd Nd Nd
Malathion 8.20E-03 2.48E-02 Nd Nd Nd Nd
Methyl parathion 3.40E-03 1.04E-02 Nd Nd Nd Nd
Pirimiphos Methyl 7.10E-03 2.14E-02 Nd Nd Nd Nd
Triazophos 1.48E-02 4.51E-02 Nd Nd Nd Nd
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Table 26 Qualitative description of the sediments sampled at the different sites and of the oxygen level in the water column.
Sites Sediment description Oxygen mg/L

E8 El Diamante Bridge Dark grey, sandy-gravelly, ferrous odor, presence of fish, macrophytes 453
E9 El Castario Bridge Brown the first centimeters, then black, fine muddy, without living organisms.

E10 Los Mangos Black, muddy, strong sulfur odor, no living organisms 3.59
El1 El Perol Black, muddy, sulfur odor, without living organisms 4.68
E12 El Enganche Gray, muddy-sandy, sulfurous, without living organisms 547
E13 Bajo El Caballo Gray, sandy, sulfurous, without living organisms 5.84
E14 Los Cayucos Gray, sandy-muddy, sulfurous, without living organisms 4.23
E15 El Cuje Gray, sandy-muddy, without living organisms 5.46

sites with a higher sand fraction and lower organic
matter fraction. The sites with the highest organic
matter were in the transition zone between El Aguacate
river and its entrance into the Garita Palmera wetland
(E9, E10 and E11). These sediments are characterized
by a strong sulfur odor, indicating an anaerobic
environment due to the presence of hydrogen sulfides.
Only the upstream site contained organisms visible to
simple sight. Based on the last visit to site E8 to take
water samples (October), it appears that the transition
period between the end of the rains and the beginning
of the dry season is the most favorable time for the
development of aquatic life in the river with the
presence of reptiles, fish (chimbolos) and macrophytes.

Table 27 shows the results obtained for the analysis of
AMPA, paraquat, organochlorines, organophosphates,
triazines, trace metals and organic matter. The results
for organochlorines are compared with the Threshold
Effect Concentrations (TEC) developed for the estuarine
environment cited in MacDonald et al. (1996). These
values were supplemented with consensus TEC cited
by (MacDonald et al. (2000) developed for freshwater
and Threshold Effect Benchmark (TEB) developed from
ecotoxicity bioassays on epibenthic species by Nowell et
al. (2016). These TEB guidelines have been standardized
for an organic matter content of 10%. For AMPA there
are no quality criteria, therefore the predicted no-effect
concentration cited in Bonansea et al. (2017) was used.
In the short term, the risk of paraquat to benthic species
is low (US EPA, 2019). However, the duration of this
pesticideisvery persistentand accumulatesin sediments

(approximately 30 years), for this the long-term risk is
largely unknown (US EPA, 2019). The guideline value
used in this study was calculated by applying a safety
factor of 1,000 on the NOAEC* determined in a short-
term toxicity test in the most sensitive species (Hyallela
azteca) (US EPA, 2019).

Laboratory analysis detected paraquat at all 8 sites
sampled with levels between the limits of detection and
quantification (Table 27).

The other pesticides searched for in the sediment
were not detected. However, an ecotoxicological risk
can only be ruled out when the limits of quantification
(LOQ in the Table) are below the guideline values
for environmental protection. Otherwise, the risk
cannot be ruled out. Considering the latter statement,
according to the results presented by the laboratory
the concentration levels of AMPA, dieldrin, endrin,
heptachlor epoxide, p, p'-DDDT, p,p’-DDDD, p.p'-
DDE and y-HCH do not constitute a significant risk to
benthic organisms.

A risk for the pesticides a-endosulfan, B-endosulfan,
chlorpyrifos, methyl parathion and atrazine cannot be
discarded because the limits of quantification are above
the limits of the guideline values for the protection of
the environment. It is also not possible to rule out a risk
from paraquat due to the lack of scientific evidence
on long-term effects and the guideline value used is
indicative and close to the level of detection.

8 |n accordance with the European Commission’s Technical Guidance document for setting environmental quality standards (EC, 2011).

“ NOAEC: No observed adverse effect concentration
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Table 27 Results of pesticide and trace metal levels measured in the sediments of El Aguacate River and Garita Palmera wetland.
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Contaminants Analytical performance  Interpretation Sites
LOD LOQ Guidline E8 E9 E10 E11 E12 E13 E14 E15
(ng/kg) (ug/kg) values El Diamante El Castafio Los El Perol El Enganche Bajo Los
(ug/kg) Bridge Bridge Mangos El Caballo Cayocos El Cuje

Aminophosphonate
AMPA 17 53 2802 | Nd | Nd | Nd | Na | Na | Na | Na | Na
Bipyridyls
Paraquat 4 12 30e ‘ Detected ‘ Detected ‘ Detected ‘ Detected ‘ Detected ‘ Detected ‘ Detected ‘ Detected
Organochlorinates
Aldrin 0.06 0.10 Nd Nd Nd Nd Nd Nd Nd Nd
Dieldrin 0.07 0.12 0.72a Nd Nd Nd Nd Nd Nd Nd Nd
Endrin 0.08 0.17 2.67b Nd Nd Nd Nd Nd Nd Nd Nd
Endrin aldehyde 0.06 0.11 Nd Nd Nd Nd Nd Nd Nd Nd
Endrin ketone 0.05 0.10 Nd Nd Nd Nd Nd Nd Nd Nd
Endosulfan sulfate 0.06 0.13 - Nd Nd Nd Nd Nd Nd Nd Nd
Heptachlor 0.02 0.04 Nd Nd Nd Nd Nd Nd Nd Nd
Heptachlor epoxide 0.02 0.04 0.6b Nd Nd Nd Nd Nd Nd Nd Nd
HZ’;”Chbmbe"ze“e 0.11 0.21 Nd Nd Nd Nd Nd Nd Nd Nd
Methoxychlor 0.07 0.13 Nd Nd Nd Nd Nd Nd Nd Nd
p,p -DDT 0.09 0.18 1.19a Nd Nd Nd Nd Nd Nd Nd Nd
p.p’-DDD 0.04 0.08 1.22a Nd Nd Nd Nd Nd Nd Nd Nd
p.p'-DDE 0.06 011 2.07a Nd Nd Nd Nd Nd Nd Nd Nd
a-endosulfan 0.02 0.04 0.0096¢ Nd Nd Nd Nd Nd Nd Nd Nd
a-HCH 0.04 0.09 Nd Nd Nd Nd Nd Nd Nd Nd
[}-endosulfan 0.03 0.06 0.032c Nd Nd Nd Nd Nd Nd Nd Nd
p-HCH 0.10 0.19 Nd Nd Nd Nd Nd Nd Nd Nd
v-HCH 0.12 0.23 0.32a Nd Nd Nd Nd Nd Nd Nd Nd
0-HCH 0.03 0.05 Nd Nd Nd Nd Nd Nd Nd Nd
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Contaminants Analytical performance  Interpretation Sites
LOD Loa Guidline E8 E9 E10 E11 E12 E13 E14 E15
(ug/kg) (ug/kg) values El Diamante El Castafio Los El Perol El Enganche Bajo Los
(ug/kg) Bridge Bridge Mangos El Caballo Cayocos El Cuje

Organophosphates
Chlorpyrifos 5.70 17.30 0.041c Na Na Na Nd Nd Nd Nd Nd
Diazinon 7.00 21.20 0.19¢ Na Na Na Nd Nd Nd Nd Nd
Dichlorvos 3.80 11.60 Na Na Na Nd Nd Nd Nd Nd
Ethyl parathion 5.10 15.50 Na Na Na Nd Nd Nd Nd Nd
Ethion 11.80 35.70 Na Na Na Nd Nd Nd Nd Nd
Malathion 8.20 24.80 Na Na Na Nd Nd Nd Nd Nd
Methyl parathion 340 1040 0.052¢ Na Na Na Nd Nd Nd Nd Nd
Pirimiphos Methyl 7.10 2140 Na Na Na Nd Nd Nd Nd Nd
Triazophos 14.80 45.10 Na Na Na Nd Nd Nd Nd Nd
Triazines
Ametrine 118 358 Na Na Na Nd Nd Nd Nd Nd
Atrazine 92 280 13c Na Na Na Nd Nd Nd Nd Nd
Simazine 118 358 Na Na Na Nd Nd Nd Nd Nd
Terbuthylazine 104 317 Na Na Na Nd Nd Nd Nd Nd
Terbutryn 122 370 Na Na Na Nd Nd Nd Nd Nd

a: Threshold Effect Concentrations (TEC) for the estuarine environment: below which no adverse effects are expected (MacDonald et al., 1996).
b: Consensus-based Threshold Effect Concentrations (TEC) : below which no adverse effects are expected (MacDonald et al., 2000).

c: Threshold Effect Benchmark (TEB) : define a concentration below which adverse effects are unlikely (Nowell et al., 2016).

d: Predicted No Effect Concentration (PNEC) : concentration with no expected effects (Bonansea et al., 2017).
e: Estimated value applying a safety factor of 1000 (EC, 2011) on the 10-day acute survival toxicological parameter in the freshwater amphipod Hyallela azteca. (NOAC ((no-observed adverse
effect concentration)): 30 mg/kg dry weight) (US EPA, 2019).
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6.5 Discussion on Exposure to Different
Pesticides

The characterization of the exposure of the aquatic
environment to pesticides through environmental
concentration data is limited for El Salvador. As
observed from the search for existing information on
pesticide levels measured (Chapter 6.2), most of the
studies conducted to measure pesticide levels are
between 20 and 40 years and focus exclusively on
organochlorines. The following subchapters discuss
certain characteristics of exposure by pesticide or
pesticide family and the limitations associated with
the characterization of environmental exposure in the
country.

2,4-D (2,4-dichlorophenoxyacetic acid)

2,4-dichlorophenoxyacetic acid is the active ingredient
most used on crops in El Salvador (308 tons). According
to the estimates in this report, it is the second most used
in sugarcane fields (69 tons). National laboratories do
not have the technical means to measure its residues
(e.g., LC-MS-MS; liquid chromatography coupled to
tandem mass spectrometry) in the environment and
there are no available data on Measured Environmental
Concentration (MEC) at the national level to assess
environmental exposure to this active ingredient. Based
on the sugarcane production cycle (Chapter 2.3.3)
and the recommendations of the distributor of the
most widely used commercial product (Herbamax 60
SL), the herbicide is applied directly to crop soils. The
applied doses of this herbicide in sugarcane fields are
1.7 (coffee) to 3.5 times more (sorghum) than in other
types of crops (Quilubrisa, 2017). This means that the
estimate of 69 tons of annual use in sugarcane fields is
probably lower than the amount used.

Allan et al. (2017) monitored herbicides in wetlands
adjacent to sugarcane fields in Queensland, Australia.
Concentrations of 2,4-D measured at the 7 sites
sampled ranged from <0.1 (ng/L) corresponding to the
LOQ to 856 (ng/L) (Allan et al., 2017).

Surface water monitoring data from Canada, the United
States, Australia, Greece, Mexico, and Spain cited
by Islam et al. (2018) varied from 0.05 pg/L for Lake
Chapala in Mexico (Reynoso et al., 2014) to 12 ug/L for
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urban waters in major cities in California (Ensminger
et al., 2013, pp. 2008-2011). This suggests that the
actual concentrations in water and sediments in the
investigated area are probably higher than the non-
detect levels reported in this work.

Diuron

As estimated in this report diuron is the most used
herbicide in sugarcane fields (63.3 tons) and the 5th
most used herbicide in the country (69.6 tons). No
data are available on environmental concentrations in
El Salvador. National laboratories are currently unable
to measure its residues. Diuron can be applied once
before and after weed emergence. Its application rate
in sugarcane is 3.3 times that of corn when used in pre-
emergence and 2.6 times that of corn in postemergence
(applied after crop emergence or germination) in
sugarcane fields (Adama, 2011).

Lewis et al, 2009 conducted extensive monitoring
between 2005 and 2008 in 3 trapping areas on the Great
Barrier Reef in Australia. Particular attention was paid to
the influence of land use, including sugarcane fields, on
pesticide residues found in the 600 samples collected
from the 76 sites sampled. The most frequently analyzed
herbicides at the sugarcane field drainage sites are
diuron (2005-2008 mean concentrations between sites
0.07-2.69 ug/L), atrazine (0.05-0.77 ug/L), hexazinone
(0.01-0.54 pg/L) and ametryn (S. E. Lewis et al., 2009).

Glyphosate and Aminomethylphosphonic Acid (AMPA)

At the national level, glyphosate is the second most
used molecule in El Salvador (250 tons) and is estimated
to be the third most used molecule in sugarcane fields
(50 tons). It is used postemergence on weeds in doses
similar to other crops and must be applied directly to
them to avoid damaging the crops. Itis also applied pre-
harvest by air as a ripening agent at lower doses (0.75-
1.5 L/Mz) for weed control (1-5 L/Mz). However, aerial
application of this pesticide substantially increases wind
drift, which directly exposes surrounding ecosystems
and workers.

Only two laboratories are able to measure glyphosate
and one laboratory is also able to measure its
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degradation product AMPA. The 2 water samples taken
from El Aguacate River during the rainy season for the
analysis of glyphosate in water did not detect these
molecules. The detection limit for glyphosate in this
laboratory is 21 pg/L.

In river waters, glyphosate has been detected at low
concentrations including in rivers adjacent to the
transgenic soybean field in Argentina (100- 700 pg g/L,
5 sites) (Peruzzo et al.,, 2008), in rivers in the United
States (median 0.03 pg/L, maximum 476 pg/L 1826 sites)
(Struger et al,, 2008), in lakes in Switzerland (0.015-
0.035 pg/L, 2 sites) or in rivers and streams in Canada
(mean < 17 pg/L, maximum 40.8 pg/L, 500 sites) (Hanke
et al.,, 2008). These results can be explained by the fact
that glyphosate tends to adsorb in soils and degrade
rapidly (soil DT50% is 15 days) to AMPA.

For this reason, AMPA was analyzed in sediments from
three sites along El Aguacate River during dry season.
The detection limit for AMPA in sediments from the
contract laboratory is 17 pg/kg and it was not detected
in the samples. Analogous investigations in the
sediments of the Suquia River (Cérdoba, Argentina) in
urban areas and areas of intensive agriculture showed
concentrations between <LOD (below detection limits)
to 261 ug/kg of AMPAin sediment (Bonansea et al., 2017).
According to this study to obtain a more representative
monitoring of glyphosate and AMPA contamination in
El Aguacate River, sediment samples should be taken
at least 4 times per year in duplicate. The extraction
of residues for analysis should be performed on fresh
sediment to avoid possible losses of these products
during drying.

Neonicotinoids

Imidacloprid is the insecticide of this family used in
sugarcane fields in an estimated amount of 2.7 tons of
active substances out of the total of 22.3 tons consumed.
The recommended doses in food crops of the most
widely used commercial product (Bayfidan Duo)
containing imidacloprid are the same for sugarcane as
for potato or rice (35-52.5 kg/mz).

From the literature search, no data on neonicotinoid
concentrations in the country have been published.
This could be explained by the fact that there is
no laboratory authorized to measure them. This is
of particular concern as the three neonicotinoids
imidacloprid, clothianidin and thiamethoxam have
been banned for use in Europe since 2018 because of
their likely implications for bee die-off (EC, 2017).

Neonicotinoids were investigated in soils, sediments,
andwatersinthe coastalzone of Belize where sugarcane,
melon, banana, and sorghum are grown (Bonmatin et
al.,, 2019). Of the 107 samples analyzed the frequency of
detection was 68% in soils, 47% in sediments and 12% in
waters. The most frequently measured neonicotinoid in
sediments is imidacloprid, with mean concentrations of
0.068 pg/kg. The detection limits of this investigation
are between 0.002 and 0.02 ng/kg (dry weight).

Organochlorines

The importation, distribution and commercialization
of most organochlorine pesticides was prohibited in El
Salvador in 2001 by Agreement No. 151 (MAG, 2000, p.
52). Only endosulfan is still allowed on certain crops.
According to import data 1,416 liters of commercial
products containing this pesticide have been used this
year, but this product is not intended for use on sugar
crops.

The detection limits for organochlorines in these
analyses range between 0.02 pg/kg and 0.12 ug/kg for
the sediments and fish analyzed, respectively. The 8
sediment samples and the 4 fish samples analyzed did
not show concentrations above the detection levels.

The only data available for this study area are from the
Cara Sucia River basin adjacent to El Aguacate micro-
watershed. Measurements made in 1981 in this river
showed alarming concentrations of aldrin/dieldrin,
DDT, Heptachlor and BHC (Calderon, 1981). In 1991,
sediment and fish (white mullet and catfish) analyses
conducted in the wetland downstream of the Cara
Sucia River and Barra de Santiago had also shown

5 The degradation rate of pesticides is usually expressed as semi-disintegration.
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alarming concentrations of dieldrin, BHC and DDT
degradation products. However, sediment analyses
conducted in 2004 in the coastal zone of the country
including 4 stations perpendicular to Barra de Santiago
had not detected organochlorines. The results of
the Garita Palmera analyses are not extrapolated to
Barra de Santiago. However, the results obtained for
sediments and fish tend to show that organochlorine
concentrations are potentially no longer a major
concern in this area because their active ingredients
have been banned for twenty years and their residual
concentrations in the environment tend to decrease. As
stated in Carvalho et al. (2002), organochlorines were
largely mediated by organophosphates or carbamates
(not measured in this study), which should be of greater
concern for monitoring.

Organophosphates

Analyses of chlorpyrifos concentration found in streams
in the agricultural region of Pampa Humeda (Argentina)
cited by Alvarez et al. (2019) showed that the 75th
percentile of the 109 samples in which this pesticide
was detected (193 samples) is between 0.0005 pg/L and
0.0979 pg/L. Such concentrations could not have been
detected with the analytical means of this investigation.

A similar investigation was carried out in the mangrove-
lagoon ecosystem of Altata-Ensenada del Pabellon
(Sinaloa State, Mexico) in a catchment area (360 km2)
dominated by sugar production and vegetable crops
(Carvalho et al, 2002). Sediment samples were also
taken at eight locations for a total of 35. All samples
revealed the presence of chlorpyrifos at concentrations
between 0.4 and 8 pg/kg. According to this author,
this compound has a DT50 (160 days) long enough
to accumulate in the sediment and form a deposit
(Carvalho et al.,, 2002). However, a seasonal variation in
chlorpyrifos concentrations was observed depending
on whether farmers had recently applied it or not.

Recently research has been conducted in the Quebrada
La Mula micro-watershed (Costa Rica), which is
dominated by rice and sugarcane crops (Carazo-Rojas
et al,, 2018). The measurement campaign in this micro-
watershed was conducted three times a year for 5
years. Chlorpyrifos was detected once in water in 135
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samples and twice in sediment in 129 samples with
concentrations of 0.258 and 18.240 ug/kg (Carazo-
Rojas et al., 2018).

Paraquat

Paraquat is the third most used active ingredient
in the country (199 tons) and the fifth most used in
sugar production (29 tons). Its loss of efficacy and the
increasing tolerance of weeds to its toxicity leads sugar
growers to make greater use of herbicides such as 2,4-
D, diuron or glyphosate (Carlos*, 2019). The application
rate of the most applied commercial product containing
paraquat is the same among crops (3 L/Mz) (Quilubrisa,
2004).

This pesticide was not found in any of the three
wells sampled. In previous studies conducted in the
communities of Las Brisas San Miguel (El Salvador)
concentrations of this compound were found in
domestic wells at levels of great concern (4 to 28 times
the toxicological levels) (A. Lopez et al., 2015). Las Brisas
are surrounded by corn crops for which paraquat use is
still widespread in contrast to sugarcane fields where
more effective herbicides (2,4-D and diuron) are used
(Carlos*, 2019). It should also be noted that paraquat
has a greater tendency to absorb into the soil and then
wander into rivers and does not have the tendency to
leach into aquifers. Of the 971 wells sampled between
1983 and 1990 in the United States only 11 wells in
permeable aquifers were contaminated (US EPA, 2013).

For surface waters, reports from US monitoring data
cited in Judkins & Wente (2019) this herbicide is rarely
detected. From the US Water Quality Portal database,
paraquat was only detected in water 14 times out of 1381
published results (64 sites) at concentrations between
0.24 and 3.6 pg/L. These data must be put in perspective
with the fact that pesticide detection in rivers depends
on time intervals and frequency of measurements as
explained in the methodology section. For example,
paraquat (67.7% of the 68 samples) was measured
periodically in rivers in Mai Chau province in Vietnam
(Thi Hue et al,, 2018) with concentrations between
4.70 and 134.08 Kg/l. The analytical techniques used
by this author are also between 233 and 700 times
more sensitive than those used in this research. The
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concentrations of this herbicide in the rivers of Vietham
were higher during the dry season due to water
evaporation, which makes the concentrations higher.
Currently, El Aguacate is a seasonal river that only flows
through the Garita Palmera mangroves during the wet
season. Therefore, it is not possible to monitor it in the
summer.

Paraquat was detected at all 8 sites sampled but at
concentrations below the limit of quantification. The
long-term effects of benthic species exposure of this
herbicide on benthic species are largely unknown (US
EPA, 2019). Results from laboratory sediment toxicity
bioassays show that crustaceans (Hyallela azteca) are
more sensitive than insects (Chironomus riparius) to
this compound (US EPA, 2019).

Because of its high level of use and persistence (more
than 30 years), paraquat should be monitored in
the country’s soils and sediments to know the level,
dimension, and extent of contamination.

Triazines

Triazines are a particularly important group of chemicals
to be controlled in sugar growing areas. According to
the estimates in this report, sugar plantations consume
30.1 tons of ametryn (of the 46.6 tons consumed in
total in the country), 21.1 tons of terbutryn (of the 24.8
tons consumed in total) and 2.1 tons of atrazine (of the
108 tons consumed in total).

Based on the literature review, no data on triazine
concentrations have been published for the country,
even though it is a highly responsive contaminant
in the countries where it has been measured. The
concentrations measured in the three wells analyzed
and in the 5 sediment samples are below the detection
limits of 138 pg/L (ametryn), 92 ug/L (atrazine) and 122
ug/L (terbutryn).

Atrazine is a widespread contaminant in waters and
aquifers. The highest concentrations are found in
sediments. In aquifers, it was found in 41% of the wells
analyzed in lowa (USA) and its degradation product
(deetylatrazine) in 35% of the cases (Kolpin et al., 1997).
However, the detection limits were 1,840 times lower
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thaninthis study. Inthe 837 well water samples collected
by Kolpin et al. (1996), the mean concentration was 0.15
ug/L.

Miles & Miles & Pfeuffer (1997) monitored 26 sampling
stations in irrigation canals of sugarcane, citrus, and
vegetable crops in south Florida (Lake Okeechobe). Of
the 70 pesticides and degradation products analyzed,
triazines were the most frequently detected pesticides
(ametryn 117, atrazine 274 times out of 744 detections).
The highest values were measured in sediments with
maximum concentrations of 100 ug/kg ametryn and 50
ug/kg atrazine. The detection limits in this investigation
for triazines were 1.6 ug/kg (Miles & Pfeuffer, 1997).

As previously cited in the Lewis et al. 2009 study in
Australia, triazines are the most common group of
substances found in sugarcane fields upstream of
coastal ecosystems. The mean concentrations reported
in this research (600 samples) are 0.05-0.77 ug/L for
atrazine, 0.01-0.54 pg/L for hexazinone and ametryn
(concentration not specified) (S. E. Lewis et al., 2009).

6.6 Conclusions

The bibliographic research carried out to compile the
existing data on the levels of contamination produced
in the environment by the use of pesticides in El
Salvador, shows that very few efforts have been made
to investigate this topic in the last 30 to 40 years. In
the 1980s and 1990s, studies conducted in coastal
ecosystems reported significant contamination in
waters, sediments, and biota (mollusks, shrimp, fish,
etc.) of certain bioaccumulative and carcinogenic
organochlorine insecticides. In recent years, the use of
pesticides has intensified in the country and a probably
higher level of contamination than in the past should
be expected. The decree published in April 2001 (No.
151), almost completely restricted to import, distribute
and market most organochlorine pesticides, except
endosulfan. In 2006, a study of sediments in the coastal
areas of the country revealed undetectable levels of
organochlorine concentrations (Barraza, 2003). In
this investigation, similar results were obtained for
organochlorine contamination in 4 different fish species
and 8 sediment samples in the Garita Palmera wetland.
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The major concern in this research is the total
absence of available data on the levels of pesticide
contamination currently used in the country and
its impact on aquifers, rivers, lakes, sediments, and
soils.

The preliminary sampling campaign carried out in
this research has allowed us to point out the different
failures or challenges that explain this serious problem
of monitoring and access to information.

First, only three laboratories are authorized to perform
analysesofalimited number of pesticides. Unfortunately,
there is no independent research laboratory that does
not have political interests, that does not respond to the
economic interests of this guild or where the analyses
requested of it do not represent a risk of conflict of
interest. Although the scientific integrity of these
laboratories can be preserved, the trust placed in them
by the various environmental stakeholders is low.

Secondly, the analytical resources available to
laboratories do not allow the analysis of most of the
active ingredients used in the country. Only 6 active
ingredients out of 39 registered for sugarcane crops
could be analyzed in practice. This is problematic
considering most widely applied products in the
country and in sugarcane fields, such as 2,4-D, diuron,
imidacloprid or terbufos, cannot be monitored. Table
32 of Appendix 11.4 shows the substances that should
be measured as a priority in sugarcane fields based on
their hazardousness and exposure.

Thirdly, in the previous chapter it was shown through
the few analyses performed in this research, that
the available analytical methods do not have the
necessary sensitivity to detect and control residues in
environmental matrices (apart from organochlorines

109

@ Liren

WNLS Suisse

5

and paraquat). This demonstrates the need to
invest the necessary resources to acquire and train
personnel in more efficient equipment (e.g., LC-MS-
MS: liquid chromatography coupled to tandem mass
spectrometry) to control contamination levels in the
country. It is also essential that the analytical methods
used, including sample preparation, extraction,
and analysis techniques, are based on standardized
methods recognized by international organizations.
Each laboratory should be prevented from developing
its own techniques, as this limits the comparability of
results between laboratories.

Sediment analysis of El Aguacate River and the whole
Garita Palmera wetland area has shown the presence
of paraquat. The presence of this herbicide in the
Natural Protected Area is of concern because it is
very persistent and its long-term effects on benthic
organisms are unknown.

Numerous scientific investigations have shown that
pesticide residues are found in the ecosystems adjacent
to the sugarcane fields, such as mangroves, coastal
ecosystems, and coral reefs.

Based on research in other countries, the most
frequently measured pesticidesincoastal ecosystems
downstream of sugarcane fields are mainly
herbicides, such as diuron, atrazine, hexazinone and
ametryn, but also the insecticides chlorpyrifos and
imidaclorprid (Bonmatin et al., 2019; Carvalho et al.,
2002; S. E. Lewis et al., 2009; Miles & Pfeuffer, 1997).

Chapter 8 will address the ecotoxicological effects of
different pesticides on coastal mangrove ecosystems.
The chemical risk assessment of the measurements
made in the Garita Palmera wetland will also be
discussed.

@ CENSALUD

RO DEAVETACION DIVROLD AL
“5 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Human Health Effects and Risk

Assessment

7.1 Introduction

The compilation of observed health and environmental
effects and risk assessment are the last steps after
hazard identification and exposure characterization.
The objectives of this chapter are:

1. Calculate the health risk quotients for people
applying pesticides in sugarcane fields.

2. To compile the acute and chronic health effects
described by pesticide applicators in El Salvador.

7.2 Methodology

7.2.1 Calculation of the Risk Quotient for
Pesticide Applicators

The World Health Organization's human exposure
assessment model for insecticide spraying (WHO,
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2010a) was applied to characterize the risk for pesticide
applicators. The model variables were supplemented
with information collected from applicators and values
reported in the literature.

There are three critical stages of exposure during
application, which are (WHO, 2010a):

1. Mixing and loading of the pesticide formulation.

2. Application of the pesticide by backpack spray
pump.

3. Washing and maintenance of the knapsack spray
pump.

The WHO exposure modelwasapplied based onthemost
used active ingredients (2,4-D) and its complementary
active ingredient recommended by some distributors
(atrazine) (Bayer Crop Science, 2019). Herbicides have
been taken as an example because they are the most
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used products in sugarcane (Reis et al., 2019). Workers
interviewed by UNES reported the use of herbicides
with the trade names Gesaprim (atrazine 90WDG),
Karmex (Diuron 80WG), Tordon (Picloram 6.4 SL, 2,4-D
24SL), Hedonal (2,4-D 60 SL) and Randup (Glyphosate).
According to interviewees, these products are used in a
mixture including up to 4 different products in the same
preparation (Eleonor*, 2019).

24-D is sold in liquid form at a concentration of 600
g/L (Hedonal 60L, Herbamax 60 SL, Palanka 60 SL,
Elimina 60L, Totem 60 SL) and atrazine in solid form at
a concentration of 900 g/kg (Gesaprim 90WDG) (MAG,
2019a).

For each step from preparation to pesticide application,
we considered a 60 kg person, to include most women
who also do this work. (WHO, 2010a). People who apply
pesticides to sugarcane crops do it for three months of
the year and 6 days a week (Damien*, 2019; Eleonor*,
2019).

This corresponds to 72 days of pesticide application
on crops per year. Workers apply pesticides for 4 to
5 hours per day. It was also observed that sugarcane
crop workers maintain their own bean or milpa fields

VFdermal (mL)*CF( —2-)*A*DE(days)
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(Maximus*, 2019). Operators have been working since
the age of 18, and some started younger when the
ILO (International Labor Organization) international
labor standards had not yet established the minimum
age limit. Workers are provided with boots, pants,
long-sleeved shirt, and cap. They use a backpack
pump. None of the interviewees mentioned the use of
cotton protective suits with water-repellent coating,
waterproof apron, gloves, polycarbonate safety glasses
or face masks. It was also reported that operators work
with pesticide mixtures. These results agree with the
quantitative study conducted in Bajo Lempa (Mejia et
al., 2014).

The first step in an application day is the preparation
of the 250-liter barrel of the mixture to be applied in
the field without any additional protective equipment
such as boots, long-sleeved shirt, and pants (Carlos*,
2019; Damien*, 2019; Eleonor*, 2019). The operator’s
hands are then exposed to the concentrated products.
For the model we assume that the operator prepares
the barrel once a day from the concentrated products,
so the Predicted Systemic Dose (PSD) for this person is
calculated following the equation (WHO, 2010a):

(1)

PSD ( mg ingred.act. )=

kg bdy.wt.*day

BW(kg)*AT(days)

VFdermal: Volume of formula in hands (8.4 mL) multiplied by number of barrels prepared (1)

CF: Concentration of active ingredient (Al.) in the pesticide formulations (600g/L 2,4-D)

DE: Duration of exposure in days (72d)

A: Dermal absorption (10%)
BW: Body weight (60 kg)

AT: Average time (1 year =365 days)
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Second, the operator must fill his backpack spray pump
(20 liters) 12 times with the contents of the 250-liter
barrel per day (Carlos*, 2019). The equation is the
same (as 1) but VFdermal is equal to 8.4 mL plus 12 fills
and CF also changes as the product is diluted in 250
l. According to the vendor, it is recommended to add
3.3kg/ha (2.32 kg/Mz) of Gesaprim 90WDG (SYNGENTA
AGRO S.A,, 2015) which equals 2.1 kg of atrazine per
manzana and 2.45 () of Hedonal 60 SL per manzana
(Bayer Crop Science, 2019) which amounts to 1.47 kg/
Mz of 2,4-D. A 250 (l) barrel is sprayed on an manzana,
as interviewees reported. If the operator respects
the recommended dosage, then this equates to a

PSD ( mg ingred.act. ) _

kg dy.wt.*day

VAdermal (ML)*CA( - )*A*DE(days)

concentration (CF) after dilution in the 250 | of 5.88 g/l
of 2,4-D (2.45 ()*600(1)*250 ()-1) and 8.4 g/l of atrazine
(2.1 (kg/Mz) *250 (/Mz)-1).

Third, when applied outdoors with a hand-held
backpack spray pump the inhalation route of exposure
is considered insignificant due to the low volatility of
these products (WHO, 2010a). In interviews, operators
report getting soaked after application and burning
their backs due to irritation from equipment leaks. The
hands (840 cm?2), forearms (1,140 cm2) and back (3,550
cm?2) correspond to a total area of 5,530 (cm2) covered
by a 0.01 cm (55.3 ml) film.

()

(PC(kg)*TP(days)

VAdermal: Volume of body spray (55.3 ml) per day
CA: Concentration of active ingredient (Al.) in the aerosol
DE: Duration of exposure (72 days)

A: Dermal absorption (10%)
BW: Body weight (60 kg)

AT: Average time (1 year=365 days)

To interpret the PSD, the AOEL (Acceptable Operator
Exposure Level) was used for both active substances.
The AOEL is defined as the maximum dose to which
an operator can be exposed without adverse health
effects (91 /414/EEC, 1991). The adverse health effects
used to derive these toxicological assessment criteria
should also include other criteria such as neurotoxicity,
reproductive toxicity, and non-mutagenic
carcinogenicity (de Heer et al.,, 2007).

DSP2,4D
AOEL2,4p

RQ =

The AOEL for 2,4-D is equal to 0.02 (mg active
ingredient/ kg b.w. per day) (EC, 2019a) and 0.01 (mg
active ingredient/ kg b.w. per day) for atrazine (K. Lewis
et al,, 2016).

In this way it is possible to calculate the risk quotient
(RQ) for the operator during these three months of
pesticide application work on sugarcane crops (WHO,
2010a):

DSPatrazine

(3)
AOELatrazine

A risk quotient < 1 means that the risk for the operators is acceptable.
A risk quotient > 1 means that they incur a risk to their health (WHO,

2010a).
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7.2.2 Acute and Chronic Health Effects in El
Salvador

The compilation of the effects registered during the
use of pesticides in the fields is based mainly on the
testimonies of the applicators interviewed. These
testimonies were supported by quantitative data from
previous research in the country.

7.3 Results
7.3.1 Risks to Pesticide Applicators

The Predicted Systemic Dose (mg active ingredient/ kg
b.w.*day) calculated over 72 working days per year with
a backpack pump for sugarcane workers are presented
in Table 28.

Table 29 presents the results of risk quotient calculation
of the applicator described in equation (3), considering
the Predicted Systematic Dose and the acceptable
exposure level of this person. This risk quotient should
not exceed a value of 1.

The risk quotient for barrel preparation, backpack
spray pump filling and during field application are 98
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to 157 times the acceptable level. This estimate did
not consider other activities these operators might
carry out such as pesticide application for their own
food production. Exposure due to consumption of
contaminated food or water during the year was also
not considered.

7.3.2 Acute Human Health Effects

Acute effects reported by community workers at the
end of a working day of pesticide application are skin
irritation, burning on the back, severe fatigue, sometimes
nausea and vomiting (Damien, 2019; Eleonor, 2019).

“Burning on the skin, at night it itches the back.
But people have also been poisoned and they do
not respond or anything. From the kidneys disease
several people have already died.”

(Eleonor*, 2019 agricultural collaborator, pesticide applicator).

One worker reported that he lost consciousness
during application and was transported to the hospital
(Eleonor*, 2019). It should be noted that some of
these symptoms may also have been amplified by the
strenuous working conditions induced by physical
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Table 28 Predicted systemic dose (mg active ingredient/kg b.w.*day) calculated according to equations (1) and (2) and the scenario (working
with 2,4-D and atrazine) described in the methodology for the three phases of work in sugarcane fields where operators are in direct contact
with the pesticides.

Barrel Loading of Field
preparation knapsack spray application Total
pumps
24-D 1.66 0.19 1.28 3.13
Atrazine solid 0.28 0.70 0.98

Table 29 Calculated risk quotient for community operators applying pesticides in sugarcane fields using a mixture of two commonly
used herbicides.

Barrel Loading of Field
preparation knapsack spray application Total
pumps
24-D 83 10 64 157

atrazine - 28 70 98
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exertion, permanent sun exposure and dehydration
during the 4-5 hours of application. Workers reported
drinking little water (<2L) as they could not carry a water
bottle during application (Eleonor, 2019).

‘I was fumigating for a while and in the summer,
they sent me to the sugarcane fields, where | was
going to die. There by the ranch where we arrived,
a part where it was sandy and hot, and of course
as the body has perhaps a residue of poison, you
feel fatigued. At about 2 o'clock in the afternoon |
fell with cramps and vomiting, they began to inject
me with serum and injections for vomiting. | was
already dying;, everything was stiffening up.”

(Eleonor*, 2019 agricultural collaborator, pesticide applicator).

Surrounding communities reported to us strong odors,
itchy nostrils, and cold symptoms when pesticides were
applied by airplane (Aline*, 2019; Berta*, 2019; Osa*,
2019; Pascal*, 2019). A case of acute poisoning of a
child accidentally sprayed by an airplane was reported;
the causes of his coma and then hospitalization was
multifactorial (Pascal*, 2019). Similarcases of community
poisoning after aerial spraying of a pesticide, such as
aerial application of paraquat in California, have been
reported in the literature reviewed (Ames et al., 1993).
A study in 11 U.S. states reported 2,945 cases of acute
poisoning that were caused by pesticide application in
the years 1998 to 2006 (Lee et al., 2011). Of the total
cases, 14% of these poisonings involved children and
24% were due to aerial spraying (Lee et al., 2011).

In El Salvador, with respect to acute effects due to
pesticides between 2012 and 2015, the government’s
National Epidemiological Surveillance System reported
5,988 cases pesticide poisoning. This corresponds
on average to an incidence rate of 94.6 poisoning
cases per 100,000 inhabitants. In 4 years of studies,
48% of poisoning cases were suicide attempts, 24.6%
accidental poisonings and 26.9% workplace poisonings,
i.e., 25.5 cases per 100,000 inhabitants (Quinteros
& Lopez, 2019). In the scientific literature, the lowest
values reported as 18.2 cases per 100,000 inhabitants
for developing countries (Calvert et al., 2004) with
values of 17.8 for Thailand and 17 for Belize (Thundiyil
et al., 2008).
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The main active ingredients responsible for workplace
poisonings are bipyridyls (paraquat) with 33.3% of cases
and organophosphates (methyl parathion, terbufos)
with 33.6% of cases followed by carbamates (methomyl)
with 12.2% and pyrethroids (cypermethrin) with 7.1% of
cases (Quinteros & Lopez, 2019). In general, the highest
number of pesticide poisonings coincides with the
period of agricultural crops (Quinteros & Lépez, 2019).

7.3.3 Chronic Effects on Human Health

According to the bibliographic review on the chronic
effects of pesticide use on the health of the Salvadoran
population, there is only research that establishes a
probable relationship between chronic kidney disease
(CKD) and pesticide use. The main function of the
kidneys in the human body is to filter the blood to
remove toxins and excess water to produce urine.
Chronic kidney disease (CKD) is a disease that develops
slowly and over a long period of time (NIDDK, 2017).

It is characterized by "a drop-in glomerular filtration
rate below 60 ml/min/1.73 m2 and/or the presence
of structural renal damage (proteinuria, polycystic
disease...) for more than 3 months” (Lidsky-Haziza &
Bouatou, 2017). This disease includes different stages
from|toVdepending onthe level of glomerular filtration
rate and urine albumin concentrations (Lidsky-Haziza
& Bouatou, 2017; UMVF, 2014). Only stages Ill to V are
described as chronic renal failure (CRF) (UMVF, 2014).

In Central America, the Pan American Health
Organization (PAHO) has estimated that between 1997
and 2013, 60,000 people died of kidney failure including
22,537 in El Salvador (Hoy et al., 2017). Traditional risk
factors for this disease are diabetes, hypertension,
cardiovascular disease, and family history (NIDDK,
2017; Ribo Arnau et al., 2014).

“One is already ruined; the body is left with that
residue. When | get tired, | feel like | am vomiting,
so I think it must be because of the same thing. The
same thing happened with the late Tomas* K. who
died. He got the same thing, vomiting. A few days
later they took him for tests, and it turned out that
he was already sick with kidney disease.”

(Eleonor*, 2019 agricultural collaborator, pesticide applicator).
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In the country, kidney failure is the second cause of
death in men and the fifth in women (C. M. Orantes
et al.,, 2019; Rodriguez et al., 2013, pp. 2012-2013). El
Salvador and Nicaragua have mortality rates associated
with the disease that are 4 times higher than the global
average (Orantes-Navarro et al, 2017; Rodriguez,
2014). According to the study conducted by the
National Institute of Health, the prevalence of CKD in
the Salvadoran population is 12.6% (17.8% men, 8.5%
women) and even 18% (23.9% men, 13.9% women) in
agricultural communities (MINSAL, 2015b; C. Orantes
et al., 2014). One of the main contributors, 33% of the
national total, comes from a form of chronic kidney
disease of unknown cause (or etiology) or called non-
traditional risk factors (MINSAL, 2015b; Rodriguez,
2014). This new form of kidney disease also affects
children and adolescents, as documented in a study
conducted in three agricultural communities in El
Salvador, with prevalence rates of 3.8% for boys and
4.3% for girls (Orantes-Navarro et al., 2016).

Non-traditional kidney disease came to the fore in the
1990s in farming communities in tropical countries,
including those in Central America (El Salvador,

Nicaragua, Costa Rica, Panama), Asia (India) and Africa
(Egypt) (Jayasumana et al.,, 2016). In El Salvador, the
presence of this form of kidney disease was detected
in 2002 in a cross-sectional study of 205 end-stage
nephropathy patients. This study revealed that 67% of the
cases did not originate from known risk factors and were
mostly characterized by a population of male farmers
living in the coastal zone, who were exposed without
adequate protection to pesticides in the workplace
(Trabanino et al,, 2002). For these reasons, this form
of kidney disease of unknown causes has been named
CINAC: Chronic Interstitial Nephritis in Agricultural
Communities and includes chronic kidney disease of
unknown or uncertain origin, chronic kidney disease
of unknown ethology, agrochemical nephropathy,
Mesoamerican endemic nephropathy, chronic tubular,
and interstitial kidney disease, Uddanam endemic
nephropathy or Sri Lankan agricultural nephropathy.
The kidneys of patients with CINAC are characterized
by tubular and interstitial lesions, glomerular sclerosis
but no protein in the urine (Jayasumana et al., 2016).

Unsafe and unhealthy working conditions (see Chapters
5.3.1 and 5.3.2) are the complementary determinant
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that would explain the prevalence of CINAC, including
strenuous working conditions (fatigue and excessive use
of analgesics) and indiscriminate use of agrochemicals.
In addition, the hot and humid work environment
induces heat stress and dehydration would concentrate
toxins in the kidneys (Hoy et al., 2017; Orantes-Navarro
et al., 2017). In a large majority of references, CINAC
is found in communities growing rice (Sri Lanka and
India) or in sugarcane and staple grain cultivation
(Central America) (Herrera et al,, 2014; Herrera Valdés
etal,, 2015, 2019; Jayasumana et al.,, 2016; Jayasumana,
Gunatilake, et al., 2014). A geospatial analysis of the
relationship between hospital cases in El Salvador
of chronic kidney disease of non-traditional causes
and crop types revealed interesting results. The most
significant statistical model for explaining hospital
admission rates was the presence of sugarcane, cotton,
and basic grains crops (Vandervort et al., 2014)

The results of a recently published investigation
strongly suggest a common ethology for CINAC
cases reported worldwide. Based on the biopsy of
34 kidneys of CINAC-affected individuals from Sri
Lanka, El Salvador, India, and France and on tests
performed in rats, the researchers were able to
demonstrate that the patients were subjected to
a toxic mechanism similar to tubular calcineurin
nephrotoxicity. Calcineurin is an enzyme that
binds Ca2+ and the protein calmodulin and inhibits
calmodulin activity. Calmodulin is involved in
the regulation of a variety of cellular activities. In
other words, certain substances such as lithium,
clominofen, lomustine and certain pesticides
(paraquat, glyphosate and pyrethroids) directly or
indirectly inhibit calcineurin, which then induces
tubular nephrotoxicity (Vervaet et al., 2020). The
toxic origin of this kidney disease in El Salvador
is believed to be caused by the combination of
agrochemicals and dehydration. This hypothesis
was reconfirmed by a very recently published
multiple linear regression model (C. Orantes et al.,
2020).

This result is more alarming since, an epidemiological
study conducted in El Salvador in 2015 found that
12.6% of the adult Salvadoran population (23% of men)
is highly exposed to agrochemicals in the workplace
(Orantes-Navarro et al., 2019). These statistics are even
more important in the rural context where 66.5% of
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men and 33.1% of women are exposed (C. Orantes et
al., 2014).

Other acute upper respiratory tract infections are the
leading cause for men and the second for women in
outpatient clinics corresponding to 818,489 cases per
year based on MINSAL statistics (MINSAL, 2018; PAHO,
2008). Respiratory system diseases associated with air
quality include unspecified pneumonias, unspecified
asthma, unspecified bronchiolitis, unspecified chronic
obstructive pulmonary disease. El Salvador recorded
more than 14,000 hospitalizations per year in 2014 and
2015, of which 4 and 4.5% of these patients died due
to air contamination. Acute effects of air contamination
include coughing, shortness of breath, bronchial
hyperreaction, eye irritation, and cardiac arrhythmia.
Chronic effects include loss of lung capacity,
development of childhood lung disease, early death of
people with lung and heart disease (MINSAL, 2015a).
According to the inventory of pollutant emissions
in El Salvador (Herrera Murillo, 2011), 45,466 tons of
PM10 and 30,651 tons of PM2.5 are emitted per year
in the country. The main sources of PM10 are wood
combustion (40%), open burning of waste (19.3%) and
agricultural tillage (6.1%) (Herrera Murillo, 2011).

There are no estimates for the country of the
contribution of sugarcane and other crop burning to
this total or of the direct effects on the population. It can
be reasonably assumed that crop burning corresponds
to part of 40% of wood combustion, since it is also a
biomass. However, epidemiological research on this
subject has been conducted mainly in Brazil, but also in
Ecuador, Ethiopia, and the island of Maui.

One of these studies focused on the effects of this
practice on the health of sugarcane workers and the
people living around these crops. The level of fine
particulate was measured before, during and after
burning in villages in Brazil and Ecuador. The fine
particulate levels measured for workers and residents
were below the WHO limits (workers: 5000 ug/
m3, residents 50 pg/m3 for 24 hours). However, this
investigation revealed that communities and workers
are exposed to fine particulate concentrations not
only during the fire, but also the following day,
when potentially toxic cristobalite-containing ash is
suspended during cutting work (up to 21.5 mg/m3). This
exposure is important as workers spend long periods
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of time cutting sugarcane (Maximus, 2019). Based on
calculations made by researchers, sugarcane burning
would contribute to 3% of the mortality of those living
near the fields (Le Blond et al,, 2017). These authors
conclude that the exposure of people around the
fields should be considered both an acute and chronic
respiratory health hazard.

Other studies have emphasized the impact of sugarcane
burning on the health of the population, including:

Paraiso et al. (2015) conducted a study where they
included monthly data on sugarcane crop fires and
the frequency of hospital admissions for respiratory
diseases in the 645 municipalities of Sdo Paulo, Brazil.
The researchers demonstrated a significant relationship
between hospitalization of children under 5 years of
age for respiratory diseases and the number of fires in
sugarcane fields.

Mnatzaganian et al. (2015) compared the rate of
respiratory distress (1,256 reports) over one year in an
area impacted and an area not impacted by sugarcane
burning on the island of Maui. The researchers
highlighted the relationship between the area of burned
sugarcane and the number of acute respiratory distress.

Dengia & Lantinga (2018) compared in two states of
Ethiopia the number of patients hospitalized for upper
respiratory tract infections for sugarcane burning with
others during non-burning periods. The results showed
that there are 18% to 56% less lung infection through
the non-burning period of these crops.

Cancgado et al. (2006) monitored fine particulate matter
for one year in the city of Piracicaba (Brazil), where
80% of its watershed is occupied by sugarcane crops.
This research showed that the particles generated by
the sugarcane fire were the most important factor in
the consultation rate of respiratory diseases in children
and seniors. It also showed that for an increase of 42.9
(ug/m3) of PM10 and an increase of 10.2 (ug/m3) of
PM2.5, there was an increase of 21.4% and 31.03% in
hospitalization of children and seniors for respiratory
problems, respectively.
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This research shows that fine particulate contamination
from burning could also be one of the significant factors
contributing to the high epidemiological data on upper
respiratory system diseases in El Salvador. However, this
hypothesis should be verified by specific measurement
campaigns on the emission of fine particles from this
practice together with epidemiological data.

7.4 Conclusions

The exposure model revealed a risk quotient 100 times
higher than the WHO acceptable risk. Epidemiological
studies on acute cases of poisoning and on certain
chronic effects, such as renal diseases of unknown
origin could be the tip of the iceberg as far as public
health is concerned.

The causes of this situation are: lack of use of personal
protective equipment, failure of pesticide application
equipment, lack of knowledge about the products
used (especially about their chemical composition and
health implications), lack of training in the use of these
products (including inappropriate dosage) and lack
of consideration of the operator's medical condition
by the employer. The working conditions imposed on
workers expose them to pesticide mixtures that do not
necessarily respect the recommended doses and lead
them to work quickly and inappropriately. Exposure of
the human body to toxins associated with inadequate
hydration and lack of adequate working conditions
probably have synergistic effects on workers’ health.

The results of the research previously carried out in
El Salvador and the research conducted during this
investigation show that the exposure of workers to the
agrochemicals they use is of great concern and highly
hazardous. This conclusion could be understood based
on the description of the practices, an examination of
the toxic effects experienced afterwards by the workers,
epidemiological data on poisoning and the use of the
WHO exposure model.
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Effects and Risk Assessment for the

Aquatic System and Wetland

8.1 Introduction

This chapter focuses on the evaluation of Measured
Environmental Concentrations (MEC) in the water,
sediment, and fish of the Garita Palmera wetland. A
literature search was also conducted to characterize the
effects that certain insecticides and herbicides have on
the estuarine environment and mangrove ecosystems.

8.2 Methodology
Sediment and Water Risk Assessment

The risk assessment is based on the first level of
assessment stipulated in the technical guidance of the
Water Framework Directive (EC, 2011). This first level
of assessment is based on the assessment of MEC and
Environmental Quality Criteria (EQC). These two values
are used to calculate the risk quotient (RQi) as follows:
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MEC;
EQC;

RQ;: Risk quotient for contaminant i

RQ; =

MEC;: Measured ambient concentration for the
contaminant i .

EQC;: Environmental criteria  for the

contaminant i

quality

If RQ; > 1, risk is considered intolerable for aquatic
organisms.

If RQ; < 1, risk is considered tolerable for aquatic
organisms.

Depending on the performance of the laboratory, the
limit of quantification (LOQ) of the analyzed pollutant
must be taken into account. If the contaminant is
below the limit of quantification, the following must be
considered:
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If LOQ; < MEC,; then it can be concluded that the risk
induced by contaminant i for the given sample is
tolerable.

On the other hand, if LOQ; > MEC,; it is not possible to
evaluate the risk until better analytical performance.

Risk Assessment of Fish Consumption

The risk assessment of fish consumption in mangroves
is based on the guidance “Guidance for Evaluating
Chemical Contaminant Data for Use in Fish Warnings”
(US EPA, 2000). To calculate a limiting concentration in
fish (LCF) for this ratio, the Rfd (chronic reference dose)
was used considering the scenario of a subsistence
fisherman who eats 170 g of fillet per day and has a
mass of 70 kg. These parameters were derived from
daily consumption and adult weight from the same US
EPA (2000) document.

In this case, if LCF < Measured Concentration in Fish
and LCF > LOQ then the risk to human health from this
contaminant is considered tolerable.

On the other hand, if LCF< Measured Concentration in
Fish, but LCF < LOQ, a risk cannot be excluded.

8.3 Effects of Pesticides on Different
Estuarine/Marine and Mangrove Organisms

8.3.1 Effects of Insecticides

Tables 5 and 6 show different effects of organochlorine
and organophosphate pesticides. Specifically, a total of
21 examples are shown (14 for organochlorines and 7 for
organophosphates). Among the organisms used for the
specific analyses, bivalve mollusks (oysters and crabs),
fish followed by shrimp and crabs stand out. Pesticide
toxicity and its effects cause changes in behavioral,
biochemical, physical, and reproductive development
(Lincer et al., 1976).

The following are some examples given by Lincer et al.
(1976):

Some organochlorine pesticides, such as mirex are
particularly toxic to estuarine organisms. e.g., juvenile

@ Liren

WNLS Suisse

marine shrimp and crabs died when exposed to this
compound in 1 pg/L mirex.

Behavioral Aspects

Research on “fiddler crabs” showed loss of movement
control which is vital for escape from predators, as well
as for feeding and reproduction. Crabs of the species
Uca pugnax have been observed surviving in detritus
containing 10 mg/L DDT and with loss of coordination.

In Uca pugilator (fiddler crab), speed problems were
detected after applications of 0.1 to 10 mg/L of dieldrin.
In Callinectes sapidus (blue crab) only 22% survival
was reported after 9 months of exposure to DDT
concentrations of 0.5 and 0.25 pg/L (Lincer et al., 1976).

Aspects of Growth and Development

4 phytoplanktonic species were exposed to: DDT,
Dieldrin and endrin. The effects were varied at different
concentrations, causing severe damage in the inhibition
of cell division, altering the photosynthesis process. DDE
at low concentrations of 0.1 pg/L inhibited the growth
of dinoflagellates of the species Exuviella baltica.

In different stages of Mytilus edulis (“clam”),
developmental abnormalities such as blastomere
disjunction, growth reduction and loss of tissue
aggregation capacity were observed when tested with
high concentrations of 5 organochlorines (mainly
carbaryl and trichlorphon).

Cytology and Histopathology

Lincer etal. (1976) also mention that oysters (Crassostrea
virginica) exposed to 1 ppb of DDT, Toxaphene and
Parathion (combined) exhibited an abnormal infiltration
of leukocytes and gonads and problems of hyperplasia
of the germinal epithelium.

They conclude that these compounds have the capacity
to alter defensive mechanisms, creating susceptibility
in organisms to fungal, bacterial, and viral attacks.
The organochlorine mirex was able to increase the
incidence of viral infections in pink shrimp (Litopenaeus
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Table 30 Effect of organochlorine pesticides on estuarine/marine organisms.

Treatment Taxa Effects observed References
7 pest@de;; 1to 5 pg/L; 5 years ) Clams ) lefe.re':nt species uptake pesticides in (Lincer et al 1976)
of monitoring Oysters specific ranges.
Endrin, Aldrin, Heptachlor. "Oysters” Linear relationship between concentration (Lincer et al 1976)
and shell growth.
L “Isopods” “ . o .
DDT in oil spray, 2 — 1.6 Ib/A Amphipods” High mortalities. (Lincer et al 1976)

Methoxychlor

“Vaquita porpoises”

Affects fertilization and poor egg
development.

(Jayaraj et al., 2016)

Endosulfan, concentration
of 26.3 mg/L in 4 hours of
exposure.

“Juvenile catfish”

100% mortality and necrosis of liver cells is
observed.

(Z.Singh et al., 2016)

Endosulfan at concentrations of
0,0.25,1,2, 3, 4and 16 pg/L for
96 hours of exposure.

“Fishes” Cichlasoma dimerus

Corpuscular growth of hemoglobin
hyperplasia in the interlamellar epithelium,

blood congestion in the secondary lamellae,

hypertrophy in the gills, testicular damage,
and degeneration in the liver.

(Z.Singh et al,, 2016)

Endosulfan at concentrations
of 0.005, 0.05 and 0.5 pg/L for
15 days.

“Clams” Ruditapes
philippinarium

Rupture of filaments at the level of gills and
alteration of digestive glands.

(Z.Singh et al., 2016)

Correlation levels detected with poor

“shell” movements.

Dieldrin a 1.50 mg/L “Fiddler crabs” adaptability, behavior, and mortality. With (Lincer et al 1976)
latent effects
“shrimp”
DDT de 2-5 mg/L “crabs” From 35 to 100% mortality. (Lincer et al 1976)
“fish”
DDT <1 mg/L *Oysters” Feeding, paralyzed shell growth, erratic (Lincer et al 1976)

Mirex 1-5 Bait particles in
standardized seawater / Mirex in
flowing seawater 1.0 to 0.1 pg/L

juvenile “shrimp

juvenile “shrimp
juvenile “blue crabs”

“Fiddler crabs”.

-40-100% mortality.

-Above 100% mortality of “shrimp” in Mixer-
free water.

-96% mortality

-Mixer accumulation in the body.

(Lincer et al 1976)

meningoencephalitis.

“fish”
Toxafeno “shrimp” 9.96 hou'rs of TL50 exposure and (Lincer et al 1976)
" " histological damage was observed.
crabs
DDE “ducks” Eggshell thinning after 4 days over 40 ppm. (Lincer et al 1976)
Chlordano “seals” Evidence of cancer and trauma (Javaraj et al 2016)
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Table 31 Effect of organophosphate pesticides on estuarine organisms

Treatment

Taxa

Effects observed
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References

Parathion

“Oysters”

Increased toxicity in relation to shell
growth.

(Lincer et al 1976)

Range of 4 gutheon pesticides
at 0.62 ppm

Eggs of "oysters" and "clams".

50% of the eggs developed normally.

(Lincer et al 1976)

Malathion Dursban with

Presence of Malathion was evidenced but

Parathion/Methyl Parathion

concentrations of 10 to 0.1 ppm Fishes not Dursban. ey el el
Selectivity of cholinesterase inhibition in
Paraoxon DDMP tissue homogenization.
“Fiddler crab” (Lincer et al 1976)

Cholinesterase has been inhibited in small
amounts of pesticides

Malathion, parathion

“fish" and "pink shrimp".

Revealed comparison of inhibited pain.

(Lincer et al 1976)

Parathion

"ducks”

Eggshell thinning effect.

(Lincer et al 1976)

duorarum). About 66% of the controls were infected by
Baculorirus penai.

8.3.2 Effects of Herbicides

As can be seen from the pesticide modes of action in
Table 5 (Chapter 2.3.3), many herbicides act by directly
or indirectly inhibiting photosynthesis. When these
herbicides are found in the aquatic environment, they
mainly affect the primary producers in the ecosystem,
which are the species most sensitive to these residues.
For example, from laboratory ecotoxicological tests,
the species most sensitive to glyphosate and 2,4-D
are aquatic plants (Myriophyllum sibiricum) by growth
inhibition, the marine alga Synechococcus sp. for
diuron or the microalga Raphidocelis subcapitata for
metachlor (Ecotox Centre, 2016a, 2016b, 2016c, 2017).

No studies are available on the effects of paraquat on
mangrove ecosystems. From laboratory toxicity tests
conducted by aqueous phase exposure, the most
sensitive species are diatoms (Navicula pelliculosa,
NOAEC: 0.16 pg/L), aquatic plants (Lemna gibba,
NOAEC: 23 pg/L) and marine crustaceans (A. bahia,
NOAEC: 39 ug/L) (US EPA, 2019). In the sediment
compartment, tests are only available for the fly
(Chironomus riparius) and amphipod (Hyallela azteca).
The acute toxicity test on H. azteca (measuring survival

and growth for 10 days, NOAEC: 30 mg/kg-d.w) shows
effects at lower concentrations than the chronic test on
the chironomid (mortality for 21 days, NOAEC: 90 mg/
kg-d.w). These results show there are gaps in the long-
term effects of paraquat on benthic and epibenthic
organisms, as well as in the type of exposure through
sediment (contact, ingestion, pore water). This is of
particular concern because paraquat accumulates in
sediments and is persistent (US EPA, 2019).

In a study conducted in mangroves in Australia, diuron
was correlated with a severe and widespread die-off
of 30 km2 of mangroves (Avicennia marina and Vierh.
var. Eucalyptifolia). The diuron concentrations found in
the mangrove water (4-10 ng/L) were associated with a
decrease in photosynthetic activity of the microalgae.
Concentrations found in the sediments were associated
with a decrease in mangrove chlorophyll and a decrease
in mangrove seedling health (Duke et al., 2005).

Bell & Duke (2005) measured the impact of 3 herbicides
(atrazine, diuron and ametryn) on the photosynthetic
activity of four different mangrove species. The species
included mangroves with different physiologies such as
“salt excretors” (A. marina and Aegiceras corniculatum)
and “salt excluders” (Rhizophora stylosa and Ceriops
australis). Seedlings of each type of mangrove harvested
from the Moreton Bay wetland (Australia) were exposed
in the laboratory to sediments with concentrations of 4,
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40,400and 4,000 pg/kg herbicide. The mangroves were
exposed for 72 days, and inhibition of photosynthesis,
mortality and physical symptoms were observed. Two
species were exposed to herbicides only through their
root systems and two other species were exposed
through their root systems and leaves (submerged in
water).

The results of the experiment revealed mangrove
species that are “salt excretors” are more sensitive to all
herbicides. For the same concentration, the most toxic
herbicide to mangroves is diuron followed by ametryn
and atrazine. However, atrazine is the herbicide acted
most rapidly on A. marina (leaf necrosis) (Duke et al.,
2005).

8.4 Risk Assessment of Measured Pesticide
Levels

Tables 35 through 38 in Appendix 11.7 summarize the
risk assessment of pesticide concentrations in the water
of ELl Aguacate River. Only the analysis of glyphosate has
sufficient precision torule outarisk to aquatic organisms
in this sample. However, this point measurement is not
very representative of the concentration variations
that occur in the watercourses. Measurements should
be performed continuously (autosampler) during
the entire pesticide application period to calculate
average (e.g., during 2 weeks of measurement) and
maximum concentrations of glyphosate in El Aguacate
stream. The laboratory analytical results do not allow
risk assessment of paraquat and organophosphates
because their limits of quantification are above the
environmental quality criteria.

Aware that spot measurements of polar pesticides
in river waters are not very representative of the real
situation and that the number of analyses is limited,
the use of passive sampling methods should also be
considered. Chemcatcher® technology with Emperore
Anion SR membranes would allow sampling of 2,4-D
and Picloram and HLB-L membranes would also allow
sampling of atrazine, diuron and ametryn (Lacey, 2020).
Glyphosate can be sampled by another type of passive
sampler called “POCIS" (Polar Organic Chemical
Integrative Samplers) and paraquat by another solid-
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phase extraction technology called Oasis® WCX (Weak
Cation exchange reversed-phase sorbent for strong
bases and quaternary amines) (Lacey, 2020). These
solutions were notapplied in the context of this research
for reasons of cost (high compared to the price of
analysis in El Salvador), the difficulty of interpreting the
data in view of the environmental risk and the diversity
of the samplers to be deployed.

Water analyses at the end of the rainy season in the three
wells of El Aguacate micro-watershed show that there
is no risk to human health associated with the presence
of chlorpyrifos. The detection limits for triazines and
paraquat are not low enough to rule out a risk to human
health. This is of particular concern since triazines are
widely used in sugarcane fields and are easily found in
aquifers.

Regarding sediment analysis. The risk assessment
of AMPA and the organochlorines dieldrin, endrin,
heptachlor epoxide, p,p’-DDT, p,p'-DDD, p,p’-DDE and
y-HCH (lindane) shows that there is no associated risk to
benthic organisms according to the results reported by
the laboratory. Analyses demonstrated El Aguacate River
and the entire Garita Palmera wetland are contaminated
with paraquat. The measured concentrations are below
the guideline value determined for paraquat in this
study. However, it should be noted that this guideline
value should be based on chronic toxicity tests in at
least three different species and trophic levels to be
more reliable. The limits of quantification are not precise
enough to assess the risk of a- and B-endosulfan and
organophosphates.

It should be noted this year has been exceptional due
to the hydrological conditions caused by the tropical
storms (Amanda and Cristobal) influenced the area.
These could have caused a “flushing” of sediments. It
would be advisable to carry out new measurements for
different hydrophobic pesticides in collaboration with a
laboratory that has the necessary precision to carry out
the chemical risk assessment.

The results reported for the analysis of fish from
the Garita Palmera wetland show that there is no
risk associated with fish consumption in terms of
organochlorine and organophosphate contamination
within the limits of current conditions.
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8.5 Water quality
encountered

other problems

In the 4.4 km between the intake and the measuring
station El Diamante of the El Aguacate River, the
oxygen levels available for the development of aquatic
species are reduced by half and the total dissolved
ion load doubles. According to the main ion analyses,
this increase could be explained by the leaching of
certain fertilizers applied in sugarcane (ammonium
sulfate, potassium sulfate) and soil salinization due
to inadequate irrigation techniques. The measured
phosphorus level creates a risk of water hypertrophy.
This implies an exaggerated growth of green algae,
which once dead cause a significant decrease in oxygen
levels due to their degradation by microorganisms. An
anaerobic environment could lead to the reduction
of large amounts of sulfate (SO42-) to hydrogen
sulfide (H2S), which is toxic to aquatic organisms. This
phenomenon was observed in sediments downstream
of this site because of the sulfurous odor they gave off,
indicating an anaerobic environment

Evaluation of the water quality of the communities’
wells shows salt levels that make the water unsuitable
for human consumption (appendix 11.6). For about 15
years, most families in the communities El Palmo La
Danta and El Chino have been unable to use well water
for personal consumption (well monitoring December
2020). This phenomenon is said to be caused to
overexploitation of aquifers for irrigation of sugarcane
fields (Figure 30) (Campos Hernandez, 2016).

Further research will be needed to determine whether
this salinity comes from saline intrusion, from
contamination by geological layers drilled during the
installation of irrigation wells, or whether the salinity
comes from the removal of old saltwater deposits
located in the lower zones of the aquifers. The use of
aquifer water with a load too high of different salts
increases soil salinity levels, which in turn increases
the salinity of rivers and aquifers through leaching and
infiltration. According to FAO recommendations and in
view of water quality, irrigation should be limited in the
area (Ayers & Westcot, 1994).

Figure 30 Wells are drilled approximately every 40 meters in the
sugarcane fields to irrigate the fields between February and May.
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8.6 Conclusions

Organochlorine and organophosphate insecticides
have different effects on marine organisms including
biochemical, physical, reproductive, and behavioral
changes. The campaign to measure some insecticides
in 4 different species of fish in the Garita Palmera
wetland tends to show that organochlorines except
for endosulfan, are no longer the priority pesticides to
monitor in this area. This may be different in the area
of the country where much more of these substances
were used or where there are still contaminated sites.
However, much more emphasis needs to be placed
on monitoring the pesticides currently used and their
degradation products. For example, more research
should be conducted in the study area and other
wetlands on the exposure levels of marine organisms
to organophosphates and neonicotinoids which are the
most widely used in the country.

However, it should not be forgotten that the major
environmental concern for sugarcane fields related
more in the use of herbicides such as 2,4-D, diuron and
triazines. Research conducted in Australia suggests that
different herbicides are responsible for the decline of
mangrove ecosystems downstream of sugarcane fields
(Bell & Duke, 2005; Duke et al., 2005). The problem
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in the Garita Palmera study area is that mangrove
reforestation programs are in progress and if some of
these herbicides are present in the sediment, they could
inhibit growth and/or kill newly planted seedlings.

Various indicators show that the study area is heavily
affected by aquifer water salinization problems, probably
because of the massive use of fertilizers (remarkably
high presence of sulfates) and an excessive irrigation
regime. It is essential to take measures to regulate the
amount of water pumped from the aquifers and that
soil protection measures be put in place, otherwise
these croplands could become unusable. It would be
advisable to carry out soil quality studies to control
salinity, pH, and erosion levels.

Based on field visits and measurements taken, El
Aguacate River is in an advanced state of degradation.
This river only receives water occasionally during the
winter, but its oxygen levels only allow certain tolerant
aquatic species to survive. Along with the El Chino River,
it is the only freshwater inflow in the Garita Palmera
wetland protected area. Therefore, the El Aguacate
River should become anintegral part of the protected
area of the Ramsar Site and a renaturation program
of the river should be carried out, transformed in the
meantime into an irrigation canal.
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n Recommendations

) CENSALUD

RO DNV

%;;':'

Considerable efforts are needed at the regional and above all, at the national level to reduce the effects of
pesticides on agricultural workers and the communities living around them, as well as on the environment.
It is necessary to articulate different legal instruments for prevention, protection, vigilance, and sanction,
accompanied by a real action plan to reduce the risks and impacts on human health and the environment

associated with the use of pesticides.

A proposal for a general approach to reduce the impact
of pesticides in developing countries (according to
Konradsen et al., 2003) is as follows:

1. Eliminate highly toxic compounds.

2. Substitute the compounds for less toxic and
equally effective alternatives.

3. Reduce use through better equipment.
4. Isolate people from the hazard.

5. Label products and train applicators in safe
handling.

6. Promote the use of personal
equipment.

protective

7. Introduce administrative controls.
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Various  scientists promote  “Integrated  Pest
Management” (IPM) as a solution that integrates the
use of chemical pesticides as a last resort, if preventive
measures, warning, forecasting and tolerance threshold
systems, as well as biological and physical control are
not sufficient (Swiss Federal Council, 2017). This model
seems to have worked in many countries such as the
Philippines, Indonesia, Nepal, Vietnam, Sri Lanka, and
other developing countries. A model that is more
community-based (“‘community IPM") in addition to
a training program for farmers is cited in Atreya et al.
(2011) as an example.

However, it should be noted that this type of approach
requires a great deal of knowledge, literate farmers
and in addition the success of this type of program is
highly dependent on donor funding. It is also pertinent
to ask whether this financial and training effort could
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be invested directly in a transition to organic or
agroecological agriculture. IPM could be an option
for industrial agriculture (e.g., for sugarcane), as the
transition to an ecological mode of production is
unlikely.

The following recommendations have been adapted
to the Salvadoran context but are not intended to be
exhaustive. Nevertheless, they should serve to initiate
further reflection at different levels. Different farming
areas in the country have their own characteristics that
should be investigated and after a thorough analysis,
plans could be proposed to improve or eliminate the
use of hazardous pesticides and improve the working
conditions of agricultural workers.

9.1 At the National level

9.1.1 The Creation of a National Platform to
Defend People with CKD

Approximately 800,000 people (12.6% of the population)
suffer from CKD in El Salvador, of which 33% are of
unknown origin, although the latest published research
shows a toxic origin (C. M. Orantes et al., 2014). It would
be desirable to create a national platform among the
different actors of civil society to defend their right to
health, access to medical care and compensation for
the victims of this chronic kidney disease. It should
support promotion at the level of legislative, executive
and judicial bodies in order to adopt the necessary
measures to curb this growing epidemic in the country.

9.1.2 Reinforcement of Controls and Monitoring
of Compliance with Labor Standards

During the interviews, several abuses and violations
of Salvadoran legislation regarding the protection
of workers were reported, including violations
of occupational safety standards and employers’
obligations. In this context, the Ministerio de Trabajo y
Prevision Social (Ministry of Labor and Social Security)
must carry out controls to ensure compliance with the

following points:

Given the employer-employee relationship in
sugarcane crops, the employer is responsible for
providing adequate protective equipment and ensuring
compliance with the General Law on Occupational
Risk Prevention (ALRES, 2010) and occupational safety
standards for the use of agrochemicals. Standards on
employment conditions for fumigation include medical
examination, prohibition of employing personnel under
18 years of age, women of childbearing age, mentally
retarded persons, physically ill persons (liver, kidneys,
asthma) and illiterate persons (ISDEM, 2012). Workers
should also be trained on the safe use of pesticides,
fertilizers and on the appropriate personal protective
equipment. The equipment should be adapted
according to the degree of hazard of the products
used. Depending on the products used by operators
in sugarcane fields (e.g., 24-D and glyphosate), the
employer must provide their employees for spraying
(Appendix 2, p. 111): gloves (nitrile, butyl or neoprene), a
mask with filter (NIOSH R95 or R100 type plus cartridge
for organic vapors), rubber boots, protective suit and
safety glasses (Medardo & Molina, 2016).

Finally, MAG and/or MARN should guarantee permanent
supervision in the use of pesticides.

9.1.3 Reinforcement of Controls and Monitoring
of Compliance with Decrees No. 423 and No. 18

The interviews revealed that the various legal aspects of
aerialsprayingare notbeingrespected, which endangers
the health of local people, pesticides applicators and
operators on the ground. These are mainly violations of
Article 7 of Decree No. 423, paragraphs 12 and 18 about
the aerial application of pesticides (MAG, 2011)*%. The
provisions of paragraph 7 are not in compliance because
the planes fly over houses and schools, releasing part
of the spraying, without respecting the minimum safety
distance of 300 m. In addition, many sugarcane plots
are adjacent to houses in the communities. In many
interviews it was also reported the spread of pesticides
by wind currents in the communities’ food production

16 Agricultural aircraft shall not spray pesticides in the airspace within 300 meters of the following places: rivers, lakes, lagoons, fountains, marshes, ponds,
apiaries, stables, hospitals, schools, villages, towns, public places, tiangues, beach runways.
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caused losses in their crops. Decree No. 18 is also not
respected, as people are not informed 72 hours before
aerial application. As a result, people do not take the
necessary measures to protect themselves before the
aircraft passes overhead. The time of application (6-8
am) can also endanger the health of children who go
to school at that time. One of the testimonies collected
states that a child was sprayed in this way when an
airplane passed by and was subsequently hospitalized
for acute poisoning.

The MAG and/or MARN should guarantee permanent
supervision in the use of pesticides, compliance with
the norms established in the legal frameworks, as well
as the application of sanctions in case of violation of
these norms.

9.1.4 Updating the Law on the Control of
Pesticides, Fertilizers and Products for
Agricultural Use (LCP)

The LCP should be updated to include the following:

a. The creation of an interdisciplinary technical
committee  (ecology, agronomy, agroecology,
economics, social and behavioral sciences, health and
toxicology, ecotoxicology, hydrogeology, pedology)
composed of representatives from academia, the
health system, Ministries of Health, Agriculture and
Environment, civil society and local stakeholders, to:

- Review every four years the list of authorized active
ingredients according to individual (toxicology),
population (epidemiology) and ecosystem (ecology
and ecotoxicology) effects for importation, use, and
conditions of use.

- Conduct a comprehensive socio-economic analysis
including public health costs (acute and chronic
diseases, suicide, mortality, morbidity), loss of
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labor due to these diseases, precariousness of
communities due to health costs, loss of water
resources and biodiversity (fishery resources), loss of
soil fertility and its medium- and long-term impact
on agriculture, etc.

b. Prohibition of active substances with a particularly
hazardous potential for human health.

In particular:

- Active ingredients responsible for most cases of
acute poisoning in the country, including bipyridyls®,
organophosphates'®, carbamates'® and pyrethroids?.

- Active ingredients with a toxic effect on the kidneys.

c. Prohibition of active substances with a hazardous
potential for the environment and biodiversity.

Among them:

- Active ingredients with high risk of contaminating
aquifers such as triazines?.

- Active ingredients very hazardous for pollinating
insects such as neonicotinoids®?, pyrethroid
bifenthrin, carbamates?®, organophosphates?.

d. That the application of agrochemicals by air be
prohibited as in Europe.

e. Prohibition of synthetic chemical pesticides for
private use.

- Synthetic pesticides and biocides that are not used
for sanitary or public health purposes (e.g., to control

Y7 Paraquat, diquat.

8 Terbufos, chlorpyrifos, diazinon, ethoprophos, phorate, acephate.
9 Carbofuran, asulam, carbosulfan.

20 Bifenthrin, lambda cyhalothrin, cypermethrin.

2 Atrazine, ametryn, cyromazine, terbutryn, hexazinone.

22 Clothianidin, imidacloprid, thiamethoxam.

% Carbaryl, carbofuran, methomyl, methiocarb, mexacarb, propoxur.

24 Azinphos-methyl, chlorpyrifos, demeton, diazinon, dicrotophos, dichlorvos, dimethoate, fenthion, fenitrothion, fensulfothion, fonofos, malathion,
methamidophos, methidathion, methidathion, methyl parathion, mevinphos, monocrotophos, naled, omethoate, oxydemeton-methyl, phorate, phosmet,

phosphamidon, pyrazophos, tetrachlorvinphos.
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dengue, malaria, zika, chikungunya, etc.) should be
banned for domestic use.

f. Regulation, reduction of the use and
commercialization of substances with eutrophying
effect on the natural environment..

- The use of fertilizers responsible for accelerating the
eutrophication of surface waters and contamination
of aquifers (nitrate, phosphates, heavy metals)
and soils must be reduced to levels acceptable
under environmental laws and water for human
consumption.

g. Measurement and purity standards for imported
fertilizers.

- The heavy metal and arsenic content of fertilizers
imported into the country should be controlled so
as not to further reinforce the high concentrations
of certain contaminants from existing geogenic
sources. Imported fertilizers should be analyzed in
El Salvador to verify that they have the necessary
quality to not contaminate the country.

9.1.5 Updating of the Environmental Law (EL)

Several activities are needed to monitor contamination
levels in El Salvador's environment:

a. Aquatic Ecosystem Monitoring System

- Atthe national level, MARN and some universities will
implement a surface water monitoring system that
includes biological indicators (macroinvertebrates,
fish or diatoms) and physicochemical indicators, as
well as emerging synthetic pollutants (pesticides,
heavy metals, drugs, antibiotics and industrial
products).

- Establishment of an independent monitoring body
in charge to monitor the level of contamination
in the different environmental compartement, to
identify the contaminated sites of concern and those
responsible for them.
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- A list of priority chemical substances in terms of
human and environmental health is established
for monitoring in the different environmental
media (water, soil, biota, sediment). These “priority”
substances are those that threaten to or via the
aquatic environment. The aim of the list is to reduce
(or eliminate) contamination of surface waters
(rivers, lakes, estuaries and coastal waters) by the
listed pollutants.

b. Establishment of Environmental Quality Standards
(EQS) for Priority Substances

- Environmental quality standards are applied for
relevant environmental matrices (surface waters,
estuaries, aquifers, soils, sediments or biota)
according to the physicochemical behavior of
the pollutant and its measured environmental
concentrations based on data on effects such as
acute and chronic toxicity to aquatic organisms,
accumulation in the ecosystem, loss of habitats and
biodiversity, as well as human health.

9.2 Implement an Action Plan to Reduce
Health and Environmental Risks Associated
with the Use of Pesticides and Fertilizers.

MAG, MARN and MINSAL should implement a plan to
reduce the risks associated with the use of pesticides
and fertilizers. The plan should focus to protect
consumers, agricultural operators, people around
the fields, ground and surface water, and organisms
involved in soil fertility, as well as all organisms (such
as bees) that play an important role in the conservation
and sustainability of the environment. The plan should
include a national training program on organic or
agroecological production alternatives, a process of
transition from conventional production to a more
sustainable mode of production, quantitative goals for
reducing the use and concentration of pesticides and
fertilizers measured in environmental matrices (water,
soil, sediment, biota), state support for agroecological
food production, the valorization of organic products
at the national level and for export (coffee, sugar, etc.),
the introduction of ecological compensation zones
proportional to the cultivated areas.
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9.3 Minimum Requirements to be met for
Sugarcane Production

Current sugarcane production in El Salvador is still
mostly a conventional type of production that involves
the systematic use of chemical fertilizers, the application
of synthetic herbicides to the soil and irrigation. The
choice of conventional, organic or agroecological mode
of production depends on the country’s agricultural
policy. However, before the discussion of this strategic
element, the fight against bad agricultural practices,
dangerous for human health and the environment that
endanger sustainable production, should be a short-
term and priority objective. Bad practices consist of
improper dosage and application of pesticides without
protective equipment, massive and inappropriate use of
fertilizers, inefficient and harmful irrigation techniques
and the practice of pre-harvest burning

Three priority processes need to be initiated in the short
term at the national level:

a. That the recommendations promulgated in the
Technical Guide on Good Agricultural Practices for
Sugarcane Cultivation (Medardo & Molina, 2016) in
El Salvador become minimum requirements for any
producer who sells his sugarcane to a mill, under
the assumption that there is adequate monitoring
by state authorities to ensure compliance with what
is indicated in the guide.

b. That the practice of burning be prohibited at
national level and the promotion of a green harvest
be established through adequate incentives as the
beginning to advance towards a type of cultivation
that has the least ecological and social impact
promoted by the competent authorities.

c. The termination of the aerial application of
agrochemicals.

The green zafra has many advantages according to the
5-year cost-benefit analysis conducted for El Salvador
by Fonseca et al. (2018). First, the reincorporation as
stubble of 40% of agricultural harvest residues reduces
the use of fertilizers such as urea and ammonium
sulfates by up to 20% and reduces soil erosion.
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The other 60% can be reused for energy recovery.
Unburned sugarcane provides 10% more juice when
pressed and increases yields from 5 to 15 tons/ha. The
current average yield, as reported in MAG 2018-2019
statistical yearbook, is 91.3 ton/Ha (63.8 tons/manzana;
1 manzana = 0.70 hectares). According to the authors
the yield in the first green harvest year would be 135
tons/ha and 121 tons/ha between the second and fifth
year. A change in the varieties grown corresponding
to different agroecological profiles of the country's
regions could increase yields to 170-190 tons/ha
(Fonseca et al., 2018). Crop residues can also be resold
for electricity production. However, green zafra doubles
the cost of labor. Nevertheless, in the end, the cost-
benefit analysis at a purely economic level is similar
with or without burning. Although, green harvesting
provides more jobs (0.48 jobs/ha/year) and is based
on an incentive wage for workers that doubles ($6.6
per ton) what is currently earned. The environmental
benefits are: capture of 70 tons of CO2/ha, reduction
of erosion, reduction of weeds, improved chemical and
biological qualities of the soil.

9.4 Corporate Responsibility: Incentives to
improve Water Management

In the absence of a water law setting limits and priorities
for use, the unequal distribution and overexploitation
of water resources by agribusiness, livestock and the
industrial sector that uses water as a raw material,
generates tensions among the poorest and most
vulnerable communities. However, given the context
of vulnerability of the communities and the threats
to which they are subjected, it is not strategically
feasible to develop an integrated management plan
directly between them and the large producers. While
waiting for the legal framework to be established and
for the competent authorities to monitor compliance
with the law, there is an incentive-based approach
for companies to comply with the principles of good
governance and sustainable management of water
resources, taking into account the social, economic
and ecological needs of the basin. In this regard, there
is an international alliance called the Alliance for Water
Stewardship (AWS) that is responsible for planning
and implementing, a sustainable and integrated water
resources management plan.
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AWS is a global alliance of members that includes
companies, NGOs and the public sector. Members
contribute to the sustainability of local water resources
by adopting and promoting a universal framework for
sustainable water use. Members commit to a 5-step
process, whichincludes: 1. Gathering technical scientific
and stakeholder information at the site. 2 Engagement
and planning 3. Implementation 4. Evaluation 5.
Communication and dissemination.

Following an external audit by AWS, the company
can obtain certification, which brings demonstrable
benefits in terms of customer relations, increased
investor confidence, greater social acceptability of its
activities, improved brand perception and dialogue
with regulators and policy makers®.

9.5 Promote Alternative Production
Methods

UNES believes that it is necessary to develop an
agricultural strategy at the national level that promotes
agroecology as a technological tool to implement a
production system resilient to climate change. Priority
should be given to local agricultural production to feed
the population, promote a fair and solidarity economy
and direct sales between producer and consumer.
Considering the situation in the territory, the strategy
should include a process of returning access to land to
communities so they can practice local food agriculture
environmentally friendly.

Alternative Method of Sugarcane Production

In sugarcane production, several alternatives to the
conventional production method can be considered.
The elaboration of a proposal of possible alternatives
is complex and multifactorial and must take into
account local and national social, economic and
ecological aspects It is not the ambition of this
research to provide complete and holistic solutions
to this problem. However, efforts should be made to
seek and apply alternative methods in line with the
objectives of the Salvadoran environmental law that

establishes it is important “the integrated management
of pests and the use of natural fertilizers, fungicides and
pesticides in agricultural activity, which maintain the
balance of ecosystems, in order to achieve the gradual
replacement of agrochemicals with bioecological
natural products”(art. 50, EL, 2012).

In order to reduce environmental impacts, sugarcane
production methods should consider the following
elements cited in FAO (2003) and Pérez Iglesias et al.
(2006):

1. Soil management and conservationo: Soils in sugar
production are not adequately managed, leading to
various phenomena such as soil loss by erosion, soil
compaction, soil salinization by inadequate irrigation,
acidification by the use of chemical fertilizers and the
loss of organic matter (e.g., by the practice of burning).
Several actions can be implemented to reduce these
impacts. The first is the abandonment of deep tillage (to
reduce erosion), incorporation of organic matter into
the soil from green crop residues with compost, crop
rotation, application of a liquid conditioner to increase
the decomposition of crop residues and increase the
water absorption capacity of the soil, covering the soil
with organic matter, etc.

2. Reduction and change of irrigation systems:
Excessive irrigation in sugarcane fields causes many
problems for the soil such as salinization, leaching of soil
nutrients, water saturation and an increase in sugarcane
pests and diseases. There are different techniques to
increase the soil's capacity to retain moisture, reduce
evaporation and irrigate crops. The experiences cited
in the FAO document, in first place the abandonment
of tillage increases the soil's capacity to retain water
by reducing the frequency of irrigation (from 10-12 to
20-25 days) and the amounts used by 50% (FAO, 2003).
Secondly, the remains of the green harvest are left in
the fields, which reduces evaporation and soil erosion
during rainfall. Thirdly, the installation of drip irrigation
systems, which is already used in sugar cultivation in
other countries, is the most efficient means of irrigation.

% Details can be downloaded from the following website: https://a4ws.org/the-aws-standard-2-0/.
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3. Biological control of insect pests: These techniques
have been used in Cuba for 90 years and are aimed at
controlling sugarcane pests by introducing a natural
predator of the pest. We can mention forexample the use
of entomophagous insects, which are natural predators
of sugarcane pests. These insects feed on insect larvae
and pests. There are also entomopathogenic organisms
(viruses, bacteria, fungi, nematodes, protozoa) that
infect and kill insect pests.

4. Soilfertilization: Can be done through the use of crop
residues, use of compost to increase organic matter and
nitrogen in the soil (organic residues), association with
other types of crops that improves nutrient availability,
fixes nitrogen and soil structure. Soil treatment with
the application of a liquid conditioner to increase the
decomposition of crop residues.

5. Weed control: Weeds compete with sugarcane for
soil nutrients, light and water. There are three means
of control: physical (manual or mechanical weeding),
chemical (herbicides), biological (use of competitive
species). Organic crops do not use chemical herbicides.
Weed control is carried out by preventive means
(limiting contamination by weed-contaminated areas),
the use of competitive varieties and physical weeding.

9.6 At the Community Level

Risk reduction for communities working in pesticide
application in sugarcane fields involves different
levels of complexity, as shown in figure (31).
Communities working in this crop are very vulnerable
from a socioeconomic and health point of view. The
overwhelming majority of the inhabitants of these
communities are farmers, but they have great difficulty
accessing land to cultivate it. They are left with few
options for paid work other than spraying the fields.
The fight against poverty and the creation of alternative
employment would be one of the most sensible,
but also the most complex, solutions to break this
dependence on this form of work. The organization of
work in the sugarcane fields is one of the main obstacles
to improving practices. In fact, communities suffering

@ Liren

WNLS Suisse

from the effects of the pesticides they apply cannot
negotiate alone with their employer, boss or landowner
for fear of losing their jobs or facing reprisals.

In this context, it is recommended that negotiations
and pressure to enforce safety measures be carried
out by a third-party organization (e.g., a union) or by
the Ministerio de Trabajo y Prevision Social (Ministry
of Labor and Social Security) on the owners or the
employer. Similarly, imposed working conditions
increase the exposure of workers and the environment
to pesticides. This is because workers are paid per task,
resulting in unsafe behavior in the use of agrochemicals,
lack of hydration during work and over-application on
treated surfaces. The precarious salary paid per task
also forces the other members of the family to join in
this work, since if only one member of the family works,
the money is not enough to supply even the minimum
adequate food.

This also leads to the incorporation of people with
health conditions that are not recommended for
this work (pregnant women, people susceptible to
kidney disease). There is a lot of work to be done to
defend the rights of workers. This leads directly to the
fact that controls must be carried out by authorized
government agencies to ensure the legal framework
for the protection of personnel and the environment is
respected (medical examinations, training, equipment,
recording of weather conditions during application,
etc.). Inthe short term, the measures to be implemented
as soon as possible are the training of personnel in the
use of pesticides and the provision of adequate personal
protective equipment.

The sugarcane fields in the study area are located
less than 300 meters away from homes, schools,
playgrounds, community food production fields and
surface waters. Therefore, it is impossible to ensure
that aerial spray dispersion does not end up on women,
children and men living in the surrounding area. It is
also impossible to guarantee it will not cause damage
to adjacent crops and protected areas. There are
alternatives to aerial spraying and burning practices.
Aerial spraying is not a necessary practice for sugarcane
crops, however, it is used only to increase sugar yields
for extraction and promote better profits for the
plantation owner. Given the risk and damage this type
of practice causes to the health of the population, to
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their food crops and to direct contamination of aquatic
ecosystems, it is recommended a policy prohibiting this
type of spraying be implemented.

Consideringthe currentpractice of aerialspraying, which
does not comply with the legal framework of Decrees
No. 18 and 423; it is recommended a governmental and
anonymous monitoring system be established in the
communities. This monitoring system should collect
dates, times, photos, locations, weather conditions
and information in case a notification was issued prior
to pesticide application, to report abuses and present
the evidences to the Environmental Court of the area.
The State must create the conditions to follow up on
anonymous complaints from the population.

Finally, a system for monitoring exposure and
contamination of the population in the different
environmental compartments (soils, aquifers, surface
water, biota and sediments) should be established in
collaboration with MARN, MINSAL and the country’s
universities. The latter to check contamination levels in
the region and thus be able to reinforce the necessary
measures to reduce emissions and exposure to these
agrochemicals.

Lack of protective
equipment

Lack of labor
inspection

Work
organizations

It is evident that laws to protect the environment are
not effective if there are no control and monitoring
mechanisms to determine when there are violations of
the law and thus penalize the violators. Therefore, two
important things need to be established in El Salvador:

- Strengthen the capacities of the personnel of
the Environmental Division of the National Civil
Police to monitor and document infractions linked
to decrees and laws related to environmental
protection (LMA, LANP, LSVA), water use (Legislative
Decree No. 153) and the use of pesticides and
fertilizers (LCP, Legislative Decree No. 18, No. 151,
No. 423).

- The creation of mechanisms to confirm
infractions, such as the establishment of adequate
laboratories for the determination of pesticides
and heavy metals in the different environmental
phases. This is extremely important and essential
for the protection, not only of agricultural workers
and their families, but also of the population in
general.

Lack of adequate
ptraining

Working

conditions
B

Socioeconomic

vulnerability
|

Figure 31 Factors impeding safer use of pesticides by communities when working in sugarcane fields.

132




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz Ri

ver

References

@ Liren

WNALS Suisse

i

%:

91 /414/CEE. (1991). Directiva Del Consejo de 15 de julio
de 1991 Relativa a la Comercializacion de Productos
Fitosanitarios.

Adama, A. (2011). Karmex 80 WG (p. 4).

AE-LB. (2006). Le Prélevement d'Echantillons en Riviére,
Techniques d’Echantillonnage en Vue d'Analyses
Physico-Chimiques (ISBN 10: 2-916869-00-X, ISBN
13:978-2-916869-00-1; p. 134). Agence de 'Eau Loire-
Bretagne.

AGI. (2000). Paraquat in freshwater and marine
water. Australian Governement Inititaive. https://
www.waterquality.gov.au/anz-guidelines/guideline-
values/default/water-quality-toxicants/toxicants/
paraquat-2000

Aline*, V. (2019). Entrevista del 13.12.2019 en una de
las comunidades de El Castafio, El Chino, El Palmo, El
Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con la esposa de un cortador de cafia de
azucar con mas de 5 afios de experiencia.

Allan, H. L., van de Merwe, J. P., Finlayson, K. A., O'Brien,
J. W., Mueller, J. F, & Leusch, F. D. L. (2017). Analysis
of sugarcane herbicides in marine turtle nesting areas
and assessment of risk using in vitro toxicity assays.
Chemosphere, 185, 656-664. https://doi.org/10.1016/].
chemosphere.2017.07.029

ALRES. (2010). Ley General de Prevencion de Riesgos
en los Lugares de Trabajo (p. 21). Asamblea Legislativa
de la Republica de El Salvador,.

ALRES. (2013). Decreto N°473 (p. 14). Asamblea
Legislativa de la Republica de El Salvador.

Alvarez, E.,, & Rodriguez Pacas, G. (2001). Norma
Salvadorefia NSO 13.07.01:08, Agua. Agua Potable
(ICS 13.060.20; p. 20). Consejo Nacional de Ciencia y
Tecnologia.

Alvarez, M., Mortier, C. D., Jaureguiberry, S., & Venturino,
A. (2019). Joint Probabilistic Analysis of Risk for Aquatic
Species and Exceedence Frequency for the Agricultural
Use of Chlorpyrifos in the Pampean Region, Argentina.
Environmental Toxicology and Chemistry, 38(8), 1748-
1755. https://doi.org/10.1002/etc.4441

Ames, R.G.,Howd, R.A., &Doherty, L.(1993). Community
Exposure to a Paraquat Drift. Archives of Environmental
Health: An International Journal, 48(1), 47-52. https://
doi.org/10.1080/00039896.1993.9938392

APVMA. (2002). The NRA Review of Chlorpyrifos:
Section 6—Environmental Assessment (p. 152). National
Registration Authority for Agricultural and Veterinary
Chemicals.

APVMA. (2019). Australian Pesticides and Veterinary
Medicines Authority [Text]. Australian Pesticides and
Veterinary Medicines Authority. https://apvma.gov.au/
node

Armas, E. D., Monteiro, R. T. R., Amancio, A. V., Correa,
R. M. L., & Guercio, M. A. (2005). Uso de agrotdxicos em
cana-de-acucar na bacia do Rio Corumbatai e o risco
de poluicdo hidrica. Quimica Nova, 28(6), 975-982.
https://doi.org/10.1590/5S0100-40422005000600008

Au, A. M. (2003). PESTICIDES AND HERBICIDES | Types,
Uses, and Determination of Herbicides. En B. Caballero
(Ed.), Encyclopedia of Food Sciences and Nutrition
(Second Edition) (pp. 4483-4487). Academic Press.
https://doi.org/10.1016/B0-12-227055-X/00910-X

133

a5 M

ODEAVETAION DIROLDENSILD
INIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

AVPMA. (2003). Evaluation of the new active
Pyraclostrobin in the product Cabrio Fungicide (N.o
ISSN1448-3076; p. 57). Australian Pesticides and
Veterinary Medicines Authority.

Ayers, R. S., & Westcot, D. W. (1994). Water quality for
agriculture: Vol. M-56. http://www.fao.org/3/T0234E/
T0234E00.htm#TOC

Barak, P., Jobe, B. O., Krueger, A. R., Peterson, L.
A., & Laird, D. A. (1997). Effects of long-term soil
acidification due to nitrogen fertilizer inputs in
Wisconsin. Plant and Soil, 197(1), 61-69. https://doi.
org/10.1023/A:1004297607070

Barraza, J. E. (2003). Muestras de sedimentos de la
plataforma costera de el salvador libres de niveles
significativos de pesticidas.

Basagoitia Quifionez, J. C., & Flores, C. (2016). Impactos
de la expansion en la Industria Azucarera en la zona
Marino Costera de El Salvador: Caso Zona Baja rio Paz
(p. 85). Unidad Ecoldgica Salvadorefia, UNES.

Battaglin, W. a, Meyer, M. t, Kuivila, K. m, & Dietze, J. e.
(2014). Glyphosate and Its Degradation Product AMPA
Occur Frequently and Widely in U.S. Soils, Surface
Water, Groundwater, and Precipitation. JAWRA Journal
of the American Water Resources Association, 50(2),
275-290. https://doi.org/10.1111/jawr.12159

Bayer CAC. (2019a). Certero 48 SC. Bayer Centro
America y Caribe. https://www.bayercropscience-ca.
com/Productos/Insecticidas/Certero.aspx

Bayer CAC. (2019b). Herbicidas. Bayer Centro America
y Caribe. https://www.bayercropscience-ca.com/
Productos/Herbicidas.aspx

Bayer CAC. (2019c). Merlin Total. Bayer Centro America
y Caribe. https://www.bayercropscience-ca.com/es/
Productos/Herbicidas/Merlin-Total.aspx

Bayer CropScience. (2019). Hedonal 60 SL. Bayer Centro
America y Caribe. https://www.bayercropscience-ca.
com/es/Productos/Herbicidas/Hedonal.aspx

Bell, A. M., & Duke, N. C. (2005). Effects of Photosystem
Il inhibiting herbicides on mangroves—Preliminary
toxicology trials. Marine Pollution Bulletin, 51(1), 297-
307. https://doi.org/10.1016/j.marpolbul.2004.10.051

134

Berta*, G. (2019). Entrevista del 13.12.2019 en una de
las comunidades de El Castario, El Chino, El Palmo, El
Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con la esposa de un cortador de cafia de
azucar con mas de 5 afios de experiencia.

Bonansea, R. I, Filippi, I., Wunderlin, D. A., Marino, D. J.
G.,&Amé, M. V. (2017). The Fate of Glyphosate and AMPA
in a Freshwater Endorheic Basin: An Ecotoxicological
Risk Assessment. Toxics, 6(1). https://doi.org/10.3390/
toxics6010003

Bonmatin, J.-M., Noome, D. A., Moreno, H., Mitchell,
E. A. D, Glauser, G., Soumana, O. S., Bijleveld van
Lexmond, M., & Sanchez-Bayo, F. (2019). A survey and
risk assessment of neonicotinoids in water, soil and
sediments of Belize. Environmental Pollution, 249, 949-
958. https://doi.org/10.1016/j.envpol.2019.03.099

Boyd, C. E. (2004). Secchi disk Vvisibility: Correct
measurement, interpretation. Global Aquaculture
Alliance. https://www.aquaculturealliance.org/
advocate/secchi-disk-visibility-correct-measurement-
interpretation/

Bravo, V., Rodriguez, T., van Wendel de Joode, B., Canto,
N., Calderdn, G. R., Turcios, M., Menéndez, L. A., Mgjia,
W., Tatis, A., Abrego, F. Z., de la Cruz, E., & Wesseling, C.
(2011). Monitoring pesticide use and associated health
hazards in Central America. International Journal of
Occupational and Environmental Health, 17(3), 258-
269. https://doi.org/10.1179/107735211799041896

Bretveld, R. W., Thomas, C. M., Scheepers, P. T., Zielhuis,
G. A., & Roeleveld, N. (2006). Pesticide exposure: The
hormonal function of the female reproductive system
disrupted? Reproductive Biology and Endocrinology, 4,
30. https://doi.org/10.1186/1477-7827-4-30

Buckalew, J. O., James, M., Laprevote, J., Knowles, R.
B., & Waite, L. (1998). Water Resources Assessment of El
Salvador (p. 71). US Army Corps of Engineers.

CAD. (2013a). Cafetaleros resisten prohibicion de
agroquimicos—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informacion de
Negocios. https://centralamericadata.com/es/
article/home/Cafetaleros_resisten_prohibicin_de_
agroqumicos




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz Ri

ver

CAD. (2013b). El Salvador: Confirmaran prohibicion a
uso de agroquimicos—CentralAmericaData: Central
America Data. CentralAmericaData.com, Informacion
de Negocios. https://centralamericadata.com/es/
article/home/El_Salvador_Confirmarn_prohibicin_a_
uso_de_agroqumicos

CAD. (2013c). El Salvador: Prohiben uso de 53
agroquimicos—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informacion de
Negocios. https://centralamericadata.com/es/article/
home/El_Salvador_Prohben_uso_de_53_agroqumicos

CAD. (2013d). Flexibilizacion a ley de agroquimicos
en El Salvador—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informaciéon de
Negocios. https://centralamericadata.com/es/article/
home/Flexibilizacin_en_Ley_de_agroqumicos_en_El_
Salvador

CAD. (2013e). Pérdidas en el agro por prohibicion de
agroquimicos—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informacion de
Negocios. https://centralamericadata.com/es/article/
home/Prdidas_en_el_agro_por_prohibicin_de_
agroqumicos

CAD. (2013f). Sigue discusion sobre agroquimicos en El
Salvador—CentralAmericaData: Central America Data.
CentralAmericaData.com, Informacién de Negocios.
https://centralamericadata.com/es/article/home/
Sigue_discusin_sobre_agroqumicos_en_El_Salvador

CAD. (2017). Agroquimicos: Un negocio creciente en
Centroamérica—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informaciéon de
Negocios. https://centralamericadata.com/es/article/
home/Agroqumicos_Un_negocio_creciente_en_
Centroamrica

CAD. (2019a). Café: Anuncian inversion en
agroquimicos—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informacion de
Negocios. https://centralamericadata.com/es/article/
home/Caf_Anuncian_inversin_en_agroqumicos

@ Liren

WNLS Suisse

CAD. (2019b). Plaguicidas en Centroamérica: Cambios
en etiquetado—CentralAmericaData: Central America
Data. CentralAmericaData.com, Informacion de
Negocios. https://centralamericadata.com/es/article/
home/Agroqumicos_en_Centroamrica_Cambios_en_
etiquetado

Calderdn, G. R. (1981). Aldrin, BHC, DDT y Heptacloro
en aguas superficiales y subterraneas de la zona
algodonera. Ministerio de Agricultura y Ganaderia.

Calvert, G. M,, Plate, D. K,, Das, R., Rosales, R., Shafey,
O., Thomsen, C., Male, D., Beckman, J., Arvizu, E., &
Lackovic, M. (2004). Acute occupational pesticide-
related illness in the US, 1998-1999: Surveillance
findings from the SENSOR-pesticides program.
American Journal of Industrial Medicine, 45(1), 14-23.
https://doi.org/10.1002/ajim.10309

Campos Hernandez, G. X. (2016). Estudio De La Salinidad
Del Acuifero Costero De La Cuenca Hidrografica Cara
Sucia, Ahuachapan. Universidad de El Salvador.

Canada, H. (2005, mayo 10). Guidelines for Canadian
Drinking Water Quality: Guideline Technical Document
— Paraquat [Research;guidance]. Aem. https://www.
canada.ca/en/health-canada/services/publications/
healthy-living/guidelines-canadian-drinking-water-
quality-guideline-technical-document-paraquat.html

Cancgado, J. E. D, Saldiva, P. H. N., Pereira, L. A. A,
Lara, L. B. L. S., Artaxo, P, Martinelli, L. A., Arbex, M.
A., Zanobetti, A., & Braga, A. L. F. (2006). The Impact
of Sugar Cane-Burning Emissions on the Respiratory
System of Children and the Elderly. Environmental
Health Perspectives, 114(5), 725-729. https://doi.
org/10.1289/ehp.8485

Carazo-Rojas, E., Pérez-Rojas, G., Pérez-Villanueva,
M., Chinchilla-Soto, C., Chin-Pampillo, J. S., Aguilar-
Mora, P., Alpizar-Marin, M., Masis-Mora, M., Rodriguez-
Rodriguez, C.E., & Vryzas, Z.(2018). Pesticide monitoring
and ecotoxicological risk assessment in surface water
bodies and sediments of a tropical agro-ecosystem.
Environmental Pollution, 241, 800-809. https://doi.
org/10.1016/j.envpol.2018.06.020

Carlos*, D. (2019). Entrevista del 28.11.2019 en San
Salvador con un ingeniero agronomo que trabaja en la
industria azucarera.

135

(1 CENSALUD

29 oo
723 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Carvalho, F. P, Gonzalez-Farias, F., Villeneuve, J. P,
Cattini, C., Hernandez-Garza, M., Meg, L. D., & Fowler,
S. W. (2002). Distribution, fate and effects of pesticide
residues in tropical coastal lagoons of northwestern
Mexico. Environmental Technology, 23(11), 1257-1270.
https://doi.org/10.1080/09593332308618321

Casado-Martinez, M. C., Wildi, M., Ferrari, B. J. D,
& Werner, |. (2016). Harmonization in sediment
sampling and pretreatment for a better evaluation
of trace elements content in Swiss sediment. 14th
Swiss Geoscience Meeting 2016 in Geneva, Geneva,
Switzerland.

CCME. (2002). Canadian Water Quality Guidelines for
the Protection of Aquatic Life: Total Paticulate Matter
(ISBN 1-896997-34-1; p. 13). Canadian Council of
Ministers of the Environment.

CCRIS. (2019). Chemical Carcinogenesis Research
Information System (CCRIS) [TOXNET Toxicology Data
Network]. NIH U.S. National Library of Medicine. https://
toxnet.nlm.nih.gov/newtoxnet/ccris.htm

CLV. (2018). Tiempo promedio en mayo en Ahuachapan,
El Salvador—Weather Spark. Cedar Lake Ventures, Inc.
https://es.weatherspark.com/m/12278/5/Tiempo-
promedio-en-mayo-en-Ahuachap%C3%Aln-El-
Salvador#Sections-Rain

CMACCGP. (2016). Informacion para el Manejo sobre lar
Reformas a la Ley de Control de Pesticidas, Fertilizantes
y Productos par Uso Agripecuario (Prohibicion de
Oesticidas: Accion Etica a Favor de la Vida, Elementos de
Manejo, p. 8). Colectivo de Medio Ambiente y Cambio
Climatico Grupo Parlamentario del FMLN.

CNRTL. (2019). PESTICIDE : Etymologie de PESTICIDE.
Centre National de Ressources Textuelles et Lexicales.
https://www.cnrtl.fr/etymologie/pesticide

Cohen, M. (2007). Environmental toxins and health: The

health impact of pesticides. Australian Family Physician,
36(12), 1002.

Colovi¢, M. B., Krsti¢, D. Z., Lazarevi¢-Pasti, T. D.,
Bondzi¢, A. M., & Vasi¢, V. M. (2013). Acetylcholinesterase
Inhibitors: Pharmacology and Toxicology. Current
Neuropharmacology, 11(3), 315-335. https://doi.
org/10.2174/1570159X11311030006

136

Consejo Federal Suizo. (2017). Plan d'action visant a la
réduction des risques et a l'utilisation durable des pro-
duits phytosanitaires (p. 81).

Corbel, V., Stankiewicz, M., Pennetier, C., Fournier, D.,
Stojan, J., Girard, E., Dimitrov, M., Molg¢, J., Hougard,
J.-M., & Lapied, B. (2009). Evidence for inhibition of
cholinesterases in insect and mammalian nervous
systems by the insect repellent deet. BMC Biology, 7,
47. https://doi.org/10.1186/1741-7007-7-47

Damalas, C. A, & Eleftherohorinos, I. G. (2011). Pesticide
exposure, safety issues, and risk assessment indicators.
International Journal of Environmental Research and
Public Health, 8(5), 1402-1419. https://doi.org/10.3390/
ijerph8051402

Damien*, K. (2019). Entrevista 4 del 28.11.2019 en una
de las comunidades de El Castario, El Chino, El Palmo,
El Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con un trabajador de la cafa de azucar
contratado por mas de 3 afios para aplicar pesticidas.

Davis, A. M., Thorburn, P. J., Lewis, S. E., Bainbridge, Z. T.,
Attard, S. J., Milla, R., & Brodie, J. E. (2013). Environmental
impacts of irrigated sugarcane production: Herbicide
run-off dynamics from farms and associated drainage
systems. Agriculture, Ecosystems & Environment, 180,
123-135. https://doi.org/10.1016/j.agee.2011.06.019

de Heer, C., Hakkert, B. C., & Bos, P. M. J. (2007). Special
Tool: Acceptable Operator Exposure Level (AOEL)—
Healthy working conditions in a global economy
Conference under the German Presidency of the
European Council, Dortmund, Germany.

Dengia, A., & Lantinga, E. (2018). Effect of Pre-Harvest
Cane Burning on Human Health, Soil Quality and Rate of
Cane Moisture Loss in Ethiopian Sugarcane Plantations.
Advances in Crop Science and Technology, 06(05).
https://doi.org/10.4172/2329-8863.1000396

DEP Kentucky. (1997). Water Quality Parameters,
River Assessment Monitoring Project, Kentucky Water
Watch [Governemental]. Kentucky Department for
Environmental Protection. http://www.state.ky.us/
nrepc/water/ramp/rmtests.htm




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

Deziel, N. C., Friesen, M. C., Hoppin, J. A., Hines, C.
J., Thomas, K., & Freeman, L. E. B. (2015). A Review of
Nonoccupational Pathways for Pesticide Exposure in
Women Living in Agricultural Areas. Environmental
Health Perspectives, 123(6), 515-524. https://doi.
org/10.1289/ehp.1408273

Dinero. (2018). ;Drones en la agricultura? Una opcién
para optimizar la economia del sector agricola.
dinero.com.sv. https://www.dinero.com.sv/es/
tecnologia/%C2%BFdrones-en-la-agricultura-una-
opci%C3%B3n-para-optimizar-la-econom%C3%ADa-
del-sector-agr’sC3%ADcola.html

Disagro. (2011, julio 10). Nutricion de Cultivos /
Fertilizantes. Disagro. http://www.disagro.com/es/
areas/nutricion-cultivos

Duke, N. C., Bell, A. M., Pederson, D. K., Roelfsema,
C. M., & Bengtson Nash, S. (2005). Herbicides
implicated as the cause of severe mangrove dieback
in the Mackay region, NE Australia: Consequences for
marine plant habitats of the GBR World Heritage Area.
Marine Pollution Bulletin, 51(1), 308-324. https://doi.
org/10.1016/j.marpolbul.2004.10.040

EASHW. (2004). Directive 2004/37/EC - carcinogens
or mutagens at work—Safety and health at work—
EU-OSHA. European Agency for Safety and Health at
Work. https://osha.europa.eu/en/legislation/directive/
directive-200437ec-carcinogens-or-mutagens-work

EC. (2003). Review report for the active substance
pendimethalin (p. 43). European Comission.

EC. (2009). Reglamento (CE) no 1107/2009 del
Parlamento Europeo y del Consejo de 21 de Octubre
de 2009 Relativo a la Comercializacidon de Productos
Fitosanitarios (Diario Oficial de la Union Europea L
309/1; p. 50). Comisién Europea.

EC. (2011). Technical Guidance (TGD) For Deriving
Environmental Quality Standards, Common
Implementation Strategy for the Water Framework
Directive (2000/60/EC) (p. 204). https://circabc.europa.
eu/sd/a/0cc3581b-5f65-4b6f-91c6-433a1e947838/
TGD-EQS%20CIS-WFD%2027%20EC%202011.pdf

@ Liren

WNLS Suisse

EC. (2016). Regulation (EU) No 528/2012 concerning
the making available on the market and use of biocidal
products, Evaluation of active substances Renewal
of approval, Assessment Report Flocoumafen |,
Flocoumafen Product-type 14 (Rodenticide) (p. 30).
European Comission.

EC. (2017). Neonicotinoids [Text]. Food Safety -
European Commission. https://ec.europa.eu/food/
plant/pesticides/approval_active_substances/
approval_renewal/neonicotinoids_en

EC. (2019a). EU Pesticides database—Search active
substance- European Commission. PLANTS-
EU  Pesticides database.  http://ec.europa.eu/
food/plant/pesticides/eu-pesticides-database/
public/?event=homepage&language=EN

EC. (2019b). FINAL Renewal report for the active
substance chlorpyrifos (SANTE/11938/2019 Rev 1; p.
4). European Comission, Directorat-General For Health
And Food Safety, Food and Feed Safety, Innovation,
Pesticides and Biocides.

ECETOC. (1995). Technical Report No. 67. The Role of
Bioaccumulation in Environmental Risk Assessment:

The Aquatic Environment and Related Food Webs.
(ISSN-0773-8072-67; p. 145).

ECHA. (2013). Guidance for Human Health Risk
Assessment for Biocidal Active Substances and Biocidal
Products (p. 432). European Chemicals Agency.

ECHA. (2017a). Guidance on Information Requirements
and Chemical Safety Assessment, Chapter R.7c:
Endpoint specific guidance (ECHA-17-G-11-EN; p. 272).
European Chemicals Agency.

ECHA. (2017b). Guidance on Information Requirements
and Chemical, Safety Assessment, Part C: PBT/vPvB
Assessment (p. 22). European Chemicals Agency.

ECHA. (2019). Search for Chemicals. ECHA, European
Chemical Agency an Agency of the European Union.
https://echa.europa.eu/en

ECHA. (2020). Base de datos de inventario de C&L -
ECHA, http://echa.europa.eu/. Agencia Europea de
Sustancias y Preparados Quimicos, ECHA. https://echa.
europa.eu/fr/home

(1 CENSALUD

29 oo
723 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Ecotox Centre. (2016a). EQS - Vorschlag des
Oekotoxzentrums flr: Glyphosat (p. 37). Ecotox
Centre  EAWAG-EPFL.  http://www.centreecotox.
ch/prestations-expert/criteres-de-qualite-
environnementale/propositions-de-criteres-de-

qualite/

Ecotox Centre. (2016b). EQS - Vorschlag des
Oekotoxzentrums fur: Diuron (p. 40). Ecotox Centre
EAWAG-EPFL.  http://www.ecotoxcentre.ch/expert-
service/quality-standards/proposals-for-acute-and-
chronic-quality-standards/

Ecotox Centre. (2016¢c). EQS - Vorschlag des
Oekotoxzentrums fur: S-Metolachlor (p. 58). Ecotox
Centre EAWAG-EPFL. http://www.ecotoxcentre.ch/
expert-service/quality-standards/proposals-for-acute-
and-chronic-quality-standards/

Ecotox Centre. (2017). EQS - Vorschlag des
Oekotoxzentrums fur: 2,4-Dichlorphenoxyessigsaure
(2,4-D) (p.41). Ecotox Centre EAWAG-EPFL. http://www.
ecotoxcentre.ch/expert-service/quality-standards/
proposals-for-acute-and-chronic-quality-standards/

Ecotox Centre. (2021). Propositions de critéres de
qualité en exposition aigué et chronique pour une
série de substances pertinentes pour la Suisse.
Oekotoxzentrum. https://www.centreecotox.ch/

EcuRed. (2019). Rio Paz (Guatemala-El Salvador)—
EcuRed [Enciclopedias en lineal. Enciclopedia
colaborativa en la red cubana. https://www.ecured.
cu/R%C3%ADo_Paz_(Guatemala-El_Salvador)

EFSA. (2013). Toxicological data analysis to support
grouping of pesticide active substances for cumulative
risk assessment of effects on liver, on the nervous system
and on reproduction and development (N.o 2013:EN-
392; p. 88). National Institute for Public Health and the
Environment (RIVM), International Centre for Pesticides
and Health Risk Prevention (ICPS), French agency for
food, environmental and occupational health & safety
(ANSES). www.efsa.europa.eu/publications

Eleonor*, E. (2019). Entrevista 3 del 28.11.2019 en una
de las comunidades de El Castario, El Chino, El Palmo,
El Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con un trabajador de la cafia de azucar
contratado por mas de 10 afos para aplicar pesticidas.

138

EMA. (2014). Guideline on the assessment of persistent,
bioaccumulative and toxic (PBT) or very persistent and
very bioaccumulative (vPvB) substances in veterinary
medicinal products (p. 17). European Medicines Agency.

Enderlein, U. S., Enderlein, R. E., & Williams, P. (1996).
Chapter 2—Water Quality Requirements (p. 29).
Published on behalf of United Nations Environment
Programme and the World Health Organization.

Ensminger, M. P, Budd, R., Kelley, K. C., & Goh, K. S.
(2013). Pesticide occurrence and aquatic benchmark
exceedances in urban surface waters and sediments
in three urban areas of California, USA, 2008-2011.
Environmental Monitoring and Assessment, 185(5),
3697-3710. https://doi.org/10.1007/s10661-012-2821-
8

EPAL. (2018). Proposal for Harmonised lassification
and Labelling Based on Regulation (EC) No 1272/2008
(CLP Regulation),  Annex VI, Part 2 International
Chemical Identification: Trinexapac-ethyl (ISO);
ethyl(1RS,  4EZ)4-[cyclopropyl(hydroxy)methylene]-
3,5-dioxocyclohexanecarboxylate (p. 249).
Environmental Protection Agency A. Juozapavicius St
9 LT-09311.

ERS. (2016). Party: El Salvador, Electronic Reporting
System of the Basel Convention (p. 28). Ministerio de
Medio Ambiente y Recursos Naturales.

EU. (2015). Regulation (EU) No 528/2010 concerning
the making available on the market and use of biocidal
products, Assessment Report Triflumuron ,Product-
type 18 (Insecticide) (p. 105). European Comission.

EU. (2016). Regulation (EU) No 528/2012 concerning
the making available on the market and use of biocidal
products, Evaluation of active substances, Renewal of
approval, Assessment Report, Flocoumafen Product-
type 14 (Rodenticide) (p. 30). European Union.

EXTOXNET. (2019). Extension Toxicology Network
(EXTOXNET) Pesticide Information Profiles. http://ace.
orst.edu/info/extoxnet/ghindex.html

Fabrizi, L. (2014). Workshop Assessment of Persistent,
Bioaccumulative and Toxic (PBT) substances in different
EU legislations. Assessment under the Plant Protection
Products Regulation, Brussel.




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz Ri

ver

FAQ.(2003). Agricultura Organica, Ambientey Seguridad
Alimentaria, Capitulo7.Innovaciones de los Agricultores,
Desarrollo de las Comunidades y Manejo Ecoldgico en
la Agricultura Organica. Estudio de Caso (Coleccién
FAO: Ambiente y Recursos Naturales N° 4). http://www.
fao.org/3/y4137s/y4137s0q.htm#TopOfPage

Fenske, R. A, & Day, E. W. (2005). Assessment of
Exposure for Pesticide Handlers in Agricultural,
Residential and Institutional Environments. En
Occupational and Residential Exposure Assessment for
Pesticides (pp. 11-43). John Wiley & Sons, Ltd. https://
doi.org/10.1002/0470012218.chl

Fishel, F. M., & Ferell, J. A. (2019). Managing Pesticide
Drift (p. 15). Institute of Food and Agricultural Sciences
(IFAS), University of Florida.

Fonseca, F., Nello, T., Leander, L., Sanchun, A., Saborio,
J., & Chacon, O. (2018). Zafra Verde en Cafia de Azucar.
Guia Técnica para la Restauracién en El Salvador (p. 26).
UICN, Unién Internacional para la Conservacion de la
Naturaleza y de los Recursos Naturales.

Funes, M. (2013). Repuesta del Presidente de la
Republica Mauricio Funes a la Asemblea Legislativa del
01 octubre 2013. (p. 14).

Gallo, M., & Rodriguez, E. (2010). Wetlands and
Livelihoods in the Lower Basin of the Rio Paz (p. 64).
Wetland International.

Garcia, A. M. (2003). Pesticide exposure and women'’s
health. American Journal of Industrial Medicine, 44(6),
584-594. https://doi.org/10.1002/ajim.10256

GIH UES. (2021). Informe Hidrogeoldgico de la Cuenca
baja del rio Paz del municipio de San Francisco
Menéndez, Ahuachapan (p. 32). Grupo de Investigacion
en Hidrogeologia, Universidad De El Salvador.

Gilliom, R. J., Barbash, J. E., Crawford, G. C., Hamilton,
A. H., Martin, D. M., Nakagaki, N., Nowell, L. H., Scott,
J. C., Stackelberg, P. E., Thelin, G. P, & Wolock, D. M.
(2007). The Quality of Our Nation's Waters Pesticides
in the Nation’s Streams and Ground Water, 1992-2001
(Circular 1291; p. 184). U.S. Geological Survey.

139

@ Liren

WNLS Suisse

Hagner, M., Mikola, J., Saloniemi, I., Saikkonen, K., &
Helander, M. (2019). Effects of a glyphosate-based
herbicide on soil animal trophic groups and associated
ecosystem functioning in a northern agricultural field.
Scientific Reports, 9(1), 8540. https://doi.org/10.1038/
s41598-019-44988-5

Hamer,M.J.,Goggin,U.M., Muller,K.,&Maund,S.J.(1999).
Bioavailability of lambda-cyhalothrin to Chironomus
riparius in sediment-water and water-only systems.
Aquatic Ecosystem Health & Management, 2(4), 403-
412. https://doi.org/10.1080/14634989908656978

Hanke, 1, Singer, H., & Hollender, J. (2008).
Ultratrace-level  determination  of  glyphosate,
aminomethylphosphonic acid and glufosinate in
natural waters by solid-phase extraction followed by
liquid chromatography—tandem mass spectrometry:
Performance tuning of derivatization, enrichment
and detection. Analytical and Bioanalytical Chemistry,
391(6), 2265-2276. https://doi.org/10.1007/s00216-
008-2134-5

Herrera Murillo, J. (2011). Inventario de Emisiones
de Contaminantes Criterio del Aire de El Salvador:
2009 (p. 882). Ministro de Medio Ambiente y Recursos
Naturales.

Herrera, R., Orantes Navarro, C., Almaguer, M., Alfonso,
P., Bayarre, H., MD, I., Smith, M., MD, R., MD, C., MD,
W., MD, F., MD, F, Magafa, S., MD, J., MD, E., Ventura,
M., MD, J., Vela Parada, X., MD, S., & MD, C. (2014).
Clinical Characteristics of Chronic Kidney Disease
of Nontraditional Causes in Salvadoran Farming
Communities. MEDICC review, 16, 39-48.

HerreraValdés, R., Almaguer Lépez, M., Orantes Navarro,
C. M., Lépez Marin, L., Brizuela Diaz, E. G., Bayarre Vea,
H., Amaya Medina, J. C. Silva Aycaguer, L. C, Vela
Parada, X. F., Zelaya Quezada, S., Orellana de Figueroa,
P.. Smith Gonzalez, M., Chavez Mufoz, Y., Garcia Ortiz,
X. A., & Bacallao Méndez, R. (2019). Chronic interstitial
nephritis of nontraditional causes in Salvadoran
agricultural communities. Clinical Nephrology. https://
doi.org/10.5414/CNP92S110

(1 CENSALUD

29 oo
723 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Herrera Valdés, R., Orantes, C. M., Almaguer Lopez,
M., Lépez Marin, L., Arévalo, P. A, Smith Gonzalez,
M. J., Morales, F. E., Bacallao, R., Bayarre, H. D., &
Vela Parada, X. F. (2015). Clinical characteristics of
chronic kidney disease of non-traditional causes in
women of agricultural communities in El Salvador.
Clinical Nephrology, 83(7 Suppl 1), 56-63. https://doi.
org/10.5414/cnp83s056

Hoy, W., Giraldo, G., Martinez-Piedra, R., Reveiz, L.,
Escamilla-Cejudo, J., Caixeta, R., & Ordunez, P. (2017).
Epidemic of Chronic Kidney Disease in Agricultural
Communities in Central America. Case Definitions,
Methodological Basis, and Approaches for Public
Health Surveillance.

HRW. (2004). El Salvador Turning a Blind Eye: Hazardous
Child Labor in El Salvador’s Sugarcane Cultivation (Vol.
16, No. 2 (B); p. 143). Human Rights Watch.

Hughes, T. R., Acosta, J. R.,, & Lochhead, J. (2016).
Large-Scale Sugarcane Production in El Salvador (p. 33).
Voices on the Border.

IARC. (2019). Agents Classified by the IARC
Monographs, Volumes 1-124 (Volumes 1-124; p. 17).
International Agency for Research on Cancer, World
Health Organization. https://monographs.iarc.fr/list-
of-classifications

ISDEM. (2012). Manual de Seguridad e Higiene
Ocupacional (p. 16). Instituto Salvadorefio de Desarrollo
Municipal.

Islam, F., Wang, J., Farooq, M. A, Khan, M. S. S,
Xu, L, Zhu, J., Zhao, M., Mufos, S. Li, Q. X, &
Zhou, W. (2018). Potential impact of the herbicide
24-dichlorophenoxyacetic acid on human and
ecosystems. Environment International, 111, 332-351.
https://doi.org/10.1016/j.envint.2017.10.020

Jayaraj, R., Megha, P, & Sreedev, P. (2016).
Organochlorine pesticides, their toxic effects on
living organisms and their fate in the environment.
Interdisciplinary Toxicology, 9(3-4), 90-100. https://
doi.org/10.1515/intox-2016-0012

Jayasumana, C., Gajanayake, R., & Siribaddana, S. (2014).
Importance of Arsenic and pesticides in epidemic
chronic kidney disease in Sri Lanka. BMC Nephrology,
15(1), 124. https://doi.org/10.1186/1471-2369-15-124

140

Jayasumana, C., Gunatilake, S., & Senanayake, P. (2014).
Glyphosate, Hard Water and Nephrotoxic Metals: Are
They the Culprits Behind the Epidemic of Chronic
Kidney Disease of Unknown Etiology in Sri Lanka?
International Journal of Environmental Research and
Public Health, 11(2), 2125-2147. https://doi.org/10.3390/
ijerph110202125

Jayasumana, C., Orantes Navarro, C., Herrera, R,
Almaguer, M., Lopez-Marin, L., Silva, L. C., Ordunez, P.,
Siribaddana, S., Gunatilake, S., & Broe, M. (2016). Chronic
interstitial nephritis in agricultural communities: A
worldwide epidemic with social, occupational and
environmental determinants. Nephrology Dialysis
Transplantation, 0, 1-8. https://doi.org/10.1093/ndt/
gfw346

Judkins, D. R, & Wente, S. P. (2019). Preliminary
Ecological Risk Assessment for the Registration Review
of Paraquat (p. 180). U.S. Environmental Protection
Agency.

Kasambala Donga, T., &Eklo, O. M. (2018). Environmental
load of pesticides used in conventional sugarcane
production in Malawi. Crop Protection, 108, 71-77.
https://doi.org/10.1016/j.cropro.2018.02.012

Kolpin, D. W., Kalkhoff, S. J., Goolsby, D. A., SneckXFahrer,
D. A., & Thurman, E. M. (1997). Occurrence of Selected
Herbicides and Herbicide Degradation Products in
lowa's Ground Water, 1995. Groundwater, 35(4),
679-688. https://doi.org/10.1111/j.1745-6584.1997.
tb00134.x

Kolpin, D. W., Thurman, E. M., & Goolsby, D. A
(1996). Occurrence of Selected Pesticides and Their
Metabolites in Near-Surface Aquifers of the Midwestern
United States. Environmental Science & Technology,
30(1), 335-340. https://doi.org/10.1021/es950462q

Konradsen, F., van der Hoek, W., Cole, D. C., Hutchinson,
G., Daisley, H., Singh, S., & Eddleston, M. (2003).
Reducing acute poisoning in developing countries—
Options for restricting the availability of pesticides.
Toxicology, 192(2), 249-261. https://doi.org/10.1016/
S0300-483X(03)00339-1




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

Kozel, R., & Wolter, R. (2018). Voluntary Groundwater
Watch List Concept & Methodology (Based on final
draft Groundwater Watch List Concept&Methodology
12.3; p. 38). The Common Implementation Strategy
(CIS) Working Group on Groundwater.

Labrada, R., Caseley, J. C., & Parker, C. (1996). Manejo de
Malezas para Paises en Desarrollo (ISBN 92-5-303427-
0; p. 127). Organizacion de las Naciones Unidas para la
Agricultura y la Alimentacion.

LANP. (2005). Ley de Areas Naturales Protegidas
(DECRETO No 579; p. 26). Asamblea Legislativa de la
Republica de El Salvador,.

LCP.(2005). Ley sobre Controlde Pesticidas, Fertilizantes
y Productos para Uso Agropecuario (DECRETO No
315; p. 15). Asamblea Legislativa de la Republica de El
Salvador,.

LeBlond,J.S., Woskie, S.,Horwell, C.J., & Williamson, B. J.
(2017). Particulate matter produced during commercial
sugarcane harvesting and processing: A respiratory
health hazard? Atmospheric Environment, 149, 34-46.
https://doi.org/10.1016/j.atmosenv.2016.11.012

Lee, S.-J., Mehler, L., Beckman, J., Diebolt-Brown, B.,
Prado, J., Lackovic, M., Waltz, J., Mulay, P., Schwartz, A,
Mitchell, Y., Moraga-McHaley, S., Gergely, R., & Calvert,
G. M. (2011). Acute Pesticide Illnesses Associated
with Off-Target Pesticide Drift from Agricultural
Applications: 11 States, 1998-2006. Environmental
Health Perspectives, 119(8), 1162-1169. https://doi.
org/10.1289/ehp.1002843

Lehtonen, M. (2009). Status Report on Sugar Cane
Agrochemicals Management (p. 58). Ethical-Sugar.

Lewis, K., Tzlivakis, J., Warner, D., & Green, A
(2016). An international database for pesticide risk

assessments and management. http://uhra.herts.ac.uk/
handle/2299/17565

Lewis, S. E., Brodie, J. E., Bainbridge, Z. T., Rohde, K.
W., Davis, A. M., Masters, B. L., Maughan, M., Devlin, M.
J., Mueller, J. F., & Schaffelke, B. (2009). Herbicides: A
new threat to the Great Barrier Reef. Environmental
Pollution, 157(8), 2470-2484. https://doi.org/10.1016/j.
envpol.2009.03.006

@ Liren

WNLS Suisse

Lidsky-Haziza, D., & Bouatou, Y. (2017). Maladie Rénale
Chronique (p. 13). HUG, Hopitaux Universitaires Genéve.

Lincer, J., Haynes, M., & Klein, M. (1976). The Ecological
Impact of Syntectic Organic Compounds on Estuarine
Ecosystems (EPA/600/3-76/075 (NTIS PB259943); p.
364). U.S. Environmental Protection Agency.

LMA. (2012). Ley del Medio Ambiente (DECRETO No
233; p. 48). Asamblea Legislativa de la Republica de El
Salvador,.

Lopez, A., Ribd, A., Quinteros, E., Mejia, R., Alfaro, D.,
Belteton, W., Henandez, C., Pleités, E., Lopez, D., &
Orantes Navarro, C. (2015). Riesgo de exposicion a
contaminantes nefrotoxicos en las comunidades Las
Brisas, El Salvador. 1-16.

Lopez, D., Ribo, A, Quinteros, E., Mejia, R., Lopez, A,
Jovel, R., Vandervort, D., & Orantes Navarro, C. (2013,
diciembre 9). Heavy metals, arsenic, and pesticide
contamination in an area with high incidence of chronic
kidney disease of non-traditional causes in El Salvador.

LSVA. (2005). Ley de Sanidad Vegetaly Animal (DECRETO
No 524; p. 18). Asamblea Legislativa de la Republica de
El Salvador,.

MacDonald, D. D., Ingersoll, C. G., & Berger, T. A.
(2000). Development and Evaluation of Consensus-
Based Sediment Quality Guidelines for Freshwater
Ecosystems. Archives of Environmental Contamination
and Toxicology, 39(1), 20-31.

MacDonald, D. D., R. S. Carr, Calder, F. D, Long, E.R., &
Ingersoll, C. G. (1996). Development and evaluation of
sediment quality guidelines for Florida coastal waters.
Ecotoxicology, 5(4), 253-278.

MAG. (2000). Diario Oficial Tomo n°347, Acuerdo
Ejecutivo No. 151 (27/06/2000). Ministerio de
Agricultura y Ganaderia.

MAG. (2004). Acuerdo Ejecutivo No. 18. (29/01/2004)
(p. 8). Ministerio de Agricultura y Ganaderia Direccion
General de Sanidad Vegetal Division de Registro y
Fiscalizacion.

(1 CENSALUD

29 oo
723 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

MAG. (2011). Instructivo para las Aplicaciones Aereas
de Insumos Agricolas (Diario Oficial.-San Salvador, 1 de
julio de 2011; p. 7). Ministerio de Agricultura y Ganaderia
Direccion General de Sanidad Vegetal Division de
Registro y Fiscalisacion.

MAG. (2012). Recopilacion de Informacion sobre Cafia
de Azucar en El Salvador. Zafra 2011-2012. (p. 21).
Ministerio de Agricultura y Ganaderia.

MAG. (2013). Recopilacion de Informacion sobre Cafia
de Azucar en El Salvador. Zafra 2012-2013. (p. 21).
Ministerio de Agricultura y Ganaderia.

MAG. (2018). Anuario de Estadisticas Agropecuarias, El
Salvador, 2017-2018. (p. 94). Ministerio de Agricultura y
Ganaderia, Division de Estadisticas Agropecuarias.

MAG. (2019a). Listado de Productos Registrados.
Ministerio de Agriculturay Ganaderia, Direccién General
de Sanidad Vegetal y Animal. Division de Registro y
Fiscalizacion.

MAG. (2019b). Listados de Importaciones Septiembre
2018—Agosto 2019. Ministerio de Agricultura y
Ganaderia, Direccion General de Sanidad Vegetal y
Animal. Divisién de Registro y Fiscalizacion.

MAG. (2019c). Ministerio de Agricultura y Ganaderia:
Filosofia. http://www.mag.gob.sv/filosofia/

MARN. (2010). Fichas de las Areas de Conservacion GEF/
Banco Mundial. (p. 271). Ministerio de Medio Ambiente y
Recursos Naturales.

MARN. (2013a). Diputados aprobaron dictamen que
prohibe el uso de 53 agroquimicos. Ministerio de Medio
Ambiente y Recursos Naturales. http://www.marn.gob.
sv/diputados-aprobaron-dictamen-que-prohibe-el-
uso-de-53-agroquimicos/

MARN. (2013b). Estrategia Nacional de Recursos
Hidricos 2013 (p. 32). Ministerio de Medio Ambiente y
Recursos Naturales.

MARN. (2013c). Zafra Verde. http://www.marn.gob.sv/
zafra-verde/

MARN. (2017a). Informe de la Calidad del Agua de los
Rios de el salvador (p. 84). Ministerio de Medio Ambiente
y Recursos Naturales (MARN).

142

MARN. (2017b). Plan Nacional de Gestion Integrada del
Recurso Hidrico de El Salvador, con Enfasis en Zonas
Prioritarias (p. 279). Ministerio de Medio Ambiente y
Recursos Naturales.

MARN. (2019). Ministerio de Medio Ambiente y Recursos
Naturales: Filosofia. http://www.marn.gob.sv/filosofia/

Marthaler, E., & Gabriel, S. (2010). Field-Guide: 3 steps
for working in fragile and conflict-affected situations
(WFCS) (p. 76). HELVETAS Swiss Intercooperation.

Matta, M. B., McKinne, D., Barraza, E.,, & Sericano,
J. (2002). Hurricane Mitch Reconstruction/Gulf of
Fonseca. Contaminant Survey and Assessment (p. 52).
U.S. National Oceanic and Atmospheric Administration.

Maximus*, A. (2019). Entrevista 1 el 28.11.2019 en una
de las comunidades de El Castario, El Chino, El Palmo,
El Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con un cortador de cafia de azucar con
mas de 10 afios de experiencia.

McMahon, P. (2010). Oxidation/Reduction (Redox).
USGS science for changing world.

Medardo, L., & Molina, J. E. (2016). Guia Técnica de
Buenas Practicas Agricolas del Cultivo de Cafa de

Azucar en El Salvador. (p. 158). Fundacion del Azucar
(FUNDAZUCAR).

Meister, R. T. (1992). Farm Chemicals Handbook. Meister
Publishing Company. Willoughby, OH.

Mejia, R., Quinteros, E., Lopez, A., Cedillos, H., Orantes,
C. M., Valladares, E., & Lépez, D. L. (2014). Practicas en el
manejo de plaguicidas en la agricultura de El Salvador:
Un ejemplo de 42 agricultores con enfermedad Renal
Cronica en el Bajo Lempa. Copyright © 2014 by authors
and Scientific Research Publishing Inc., 20.

Mejia, R., Quinteros, E., Lopez, A., Ribd, A., Cedillos, H.,
Orantes Navarro, C., Valladares, E., & Lopez, D. (2015).
Manejo de Plaguicidas en la Agricultura.

Miles, C. J., & Pfeuffer, R. J. (1997). Pesticides in
canals of South Florida. Archives of Environmental
Contamination and Toxicology, 32(4), 337-345. https://
doi.org/10.1007/s002449900194




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

MINSAL. (2015a). Boletin Epidemioldgico (Semana 25
(del 21 al 27 de junio 2015); p. 18). Ministerio de Salud.

MINSAL. (2015b). Encuesta nacional de enfermedades
crénicas no transmisibles en poblacién adulta de El
Salvador ENECA-ELS.

MINSAL. (2018). Causas mas frecuentes de Consulta
Ambulatoria tendidas en la Red de Establecimientos
de Salud del MINSAL segun Lista Internacional de
Enfermedades de la CIE-10 (p. 31). Ministerio de Salud.

MINSAL. (2019). Ministerio de Salud de El Salvador:
Filosofia. MINSAL. https://www.salud.gob.sv/filosofia/

Mitchell, C., Brodie, J., & White, I. (2005). Sediments,
nutrients and pesticide residues in event flow conditions
in streams of the Mackay Whitsunday Region, Australia.
Marine Pollution Bulletin, 51(1), 23-36. https://doi.
org/10.1016/j.marpolbul.2004.10.036

Mnatzaganian, C. L., Pellegrin, K. L., Miyamura, J.,
Valencia, D., & Pang, L. (2015). Association between
sugar cane burning and acute respiratory illness on the
island of Maui. Environmental Health, 14(1), 81. https://
doi.org/10.1186/s12940-015-0067-y

Moore, M. T., Bennett, E. R., Cooper, C. M., Smith, S.,
Shields, F. D., Milam, C. D., & Farris, J. L. (2001). Transport
and fate of atrazine and lambda-cyhalothrin in an
agricultural drainage ditch in the Mississippi Delta, USA.
Agriculture, Ecosystems & Environment, 87(3), 309-314.
https://doi.org/10.1016/5S0167-8809(01)00148-7

Moret, J. (2014). Estimation de la Biomasse de Canne
par Modélisation et Télédétection. Université de la
Réunion U.F.R de Sciences et Technologies.

NAD. (2019a). Land Preparation. Netafim’'s Agriculture
Department, Sugarcane, Agronomic Practices,. http://
sugarcanecrops.com/agronomic_practices/planting_
time/

NAD. (2019b). Nutrient Deficiency Symptoms. Netafim's
Agriculture  Department, Sugarcane, Agronomic
Practices,.  http://sugarcanecrops.com/agronomic_
practices/planting_time/

143

@ Lirene [ CENSALD

WNALS Suisse =3 UNIVERSIDAD DE EL SALVADOR
NAD. (2019c). Plagas y Enfermedades. Netafim's
Agriculture  Department, Sugarcane, Agronomic
Practices,.  http://sugarcanecrops.com/agronomic_

practices/planting_time/

NIDDK. (2017). What Is Chronic Kidney Disease?
National Institute of Diabetes and Digestive and
Kidney Diseases. https://www.niddk.nih.gov/health-
information/kidney-disease/chronic-kidney-disease-
ckd/what-is-chronic-kidney-disease

Nielson, E., Nerhede, P., Boberg, J. Isling, L. K,
Kroghsbo, S., Hadrup, N., Bredsdorff, L., Mortensen,
A., & Larsen, J. C. (2012). Identification of Cumulative
Assessment Groups of Pesticides (p. 304). Europen
Food Safety Authority.

Nikolaidis, E. (2017). Chapter 12—Relevance of Animal
Testing and Sensitivity of End Points in Reproductive
and Developmental Toxicity. En R. C. Gupta (Ed.),
Reproductive and Developmental Toxicology (Second
Edition) (pp. 211-224). Academic Press. https://doi.
org/10.1016/B978-0-12-804239-7.00012-3

Nomen, R., Sempere, J., Chavez, F., de Lopez, N. A,
& Rovira, M. D. (2012). Measurement of pollution
levels of organochlorine and organophosphorus
pesticides in water, soil, sediment, and shrimp to
identify possible impacts on shrimp production at
Jiquilisco Bay. Environmental Science and Pollution
Research International, 19(8), 3547-3555. https://doi.
org/10.1007/s11356-012-0916-y

Nordstrom, D., Mccleskey, R., & Ball, J. (2009). Sulfur
geochemistry of hydrothermal waters in Yellowstone
National Park: IV Acid-sulfate waters. Applied
Geochemistry, 24, 191-207. https://doi.org/10.1016/].
apgeochem.2008.11.019

NORMAN. (2013). NORMAN Prioritisation framework
for emerging substances (N° W604002510; p.
62). NORMAN Association, Network of reference
laboratories and related organisations for monitoring
and bio-monitoring of emerging environmental
substances, Working Group on Prioritisation of
Emerging Substances.




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

NORMAN. (2020). NORMAN, Network of reference
laboratories, research centres and related organisations
for monitoring of emerging environmental substances,
Database System, Substance Factsheets. norman.
https://www.norman-network.com/nds/

Nowell, L. H., Norman, J. E., Ingersoll, C. G., & Moran, P.
W. (2016). Development and application of freshwater
sediment-toxicity benchmarks for currently used
pesticides. Science of The Total Environment, 550, 835-
850. https://doi.org/10.1016/j.scitotenv.2016.01.081

NRA.(2000). Evaluation of the newactive Carfentrazone-
Ethyl in the product AFFINITY 400 DF HERBICIDE (p.
51). National Registration Authority for Agricultural and
Veterinary Chemicals.

NY DEC. (2002). Thiamethoxam—Registration of
Special Local Need Labeling for Actara Insecticide (EPA
Reg. No. 100-938) 6/02. New York State Department of
Environmental Conservation. http://pmep.cce.cornell.
edu/profiles/insect-mite/propetamphos-zetacyperm/
thiamethoxam/thiameth_sln_0602.html

OEHHA. (2019). California Office of Environmental
Health Hazard Assessment, Pesticides Reports, Notices
and Documents. https://oehha.ca.gov/pesticides/
pesticides-reports-notices-and-documents

Okkerman, P. C., & van der Putte, I. (2002). Endocrine
Disrupters: Study on Gathering Information on 435
Substances with Insufficient Data (Final Report N.o
B4-3040/2001/325850/MAR/C2; p. 279). European
Commission DG ENV.

Ongley, E. D. (1997). Lucha Contra la Contaminacion
Agricola de los Recursos Hidricos (p. 154). Food and
Agriculture Organization.

ONU. (2019). Protocole de Montréal relatif a des
substances qui appauvrissent la couche d'ozone
Montréal, 16 septembre 1987. United Nations
Treaty  Collection.  https://treaties.un.org/pages/
ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-2-
a&chapter=27&clang=_fr

OPS. (2008). Clasificacion Estadistica Internacional de
Enfermedades y Problemas Relacionados con la Salud
(Publicacién Cientifica No. 554; p. 1164). Organizacion
Panamericana de la Salud.

144

Orantes, C., Herrera, R., Brizuela, E. G., Bayarre, H., MD,
E., MD, L., MPH, E., MPH, N, MD, J., MD, D., Vela Parada,
X., MD, S., MD, D., & Orellana, P. (2014). Epidemiology
of Chronic Kidney Disease in Adults of Salvadoran
Agricultural Communities. MEDICC review, Vol 16, 23-
30.

Orantes, C., Lépez, M. A, Galban, P. A., Hernandez, M.
D., Valdés Herrera, R., Silva Aycaguer, L. C., & Amaya,
M. D. (2020). The chronic kidney disease epidemic in
El Salvador: The influence of agrochemicals. Revista
Cubana de Medicina Tropical, 72(2):e531, 26.

Orantes, C. M., Almaguer, M. M., Alonso, P., Diaz, M,,
Hernandez, S., Herrera-Valdés, R., & Silva, L. C. (2019).
The Chronic Kidney Disease Epidemic in El Salvador: A
Cross-Sectional Study. MEDICC Review, 21(2-3), 29-37.

Orantes, C. M., Herrera, R., Almaguer, M., Brizuela, E.
G., Nuiez, L., Alvarado, N. P, Fuentes, E. J., Bayarre,
H. D., Amaya, J. C,, Calero, D. J., Vela, X. F.,, Zelaya, S.
M., Granados, D. V., & Orellana, P. (2014). Epidemiology
of Chronic Kidney Disease in Adults of Salvadoran
Agricultural Communities. MEDICC Review, 16(2), 23-
30.

Orantes Navarro, C., Herrera, R., Almaguer, M., Bayarre,
H., Orellana, P., & Brizuela, E. G. (2014). Epidemiological
characterization of chronic kidney disease in agricultural
communities in El Salvador. MEDICC Rey, 15, 23-30.

Orantes-Navarro, C. M., Herrera-Valdés, R., Almaguer-
Lopez, M., Brizuela-Diaz, E. G., Alvarado-Ascencio, N. P,
Fuentes-de Morales, E. J., Bayarre-Vea, H. D., Calero-
Brizuela, D. J., Vela-Parada, X. F.,, & Zelaya-Quezada,
S. M. (2016). Chronic kidney disease in children and
adolescents in salvadoran farming communities:
NefroSalva pediatric study (2009-2011). MEDICC
Review, 18(1-2), 15-21.

Orantes-Navarro, C. M., Herrera-Valdés, R., Almaguer-
Lopez, M. Lopez-Marin, L., Vela-Parada, X. F,
Hernandez-Cuchillas, M., & Barba, L. M. (2017). Toward
a Comprehensive Hypothesis of Chronic Interstitial
Nephritis in Agricultural Communities. Advances in
Chronic Kidney Disease, 24(2), 101-106. https://doi.
org/10.1053/j.ackd.2017.01.001




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz Ri

ver

Oregon, A. Gravois, K., & Spaunhorst, D. (2017).
Sugarcane Ripener Recommendations for 2017 (p. 4).
USDA-ARS, Sugarcane Research Unit.

Osa*, A. (2019). Entrevista del 13.12.2019 en una de
las comunidades de El Castario, El Chino, El Palmo, El
Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con con la esposa de un cortador de cafa
de azucar con mas de 5 afios de experiencia.

Ospina, A. (2014). Plagas y enfermedades de la cafia
de azucar. https://prezi.com/wxm_shhr-_vv/plagas-y-
enfermedades-de-la-cana-de-azucar/

Pankhurst, C. (2006). Effects of Pesticides Used in
Sugarcane Cropping Systems on Soil Organisms and
Biological Functions Associated with Soil Health (p. 39).
Sugar Yield Decline Joint Venture.

Pascal*, A. (2019). Entrevista del 13.12.2019 en una de
las comunidades de El Castario, El Chino, El Palmo, El
Porvenir, Rancho San Marcos, San Marcoas Canales,
Santa Teresa con un lider de la comunidad.

Pérez Iglesias, H., Santana Aguilar, I, & Rodriguez
Delgado, I. (2006). Manejo Sostenible de Tierras en
la Produccién de Cafa de Azucar Tomo |. Universidad
Técnica De Machala.

Peruzzo, P. J., Porta, A. A., & Ronco, A. E. (2008). Levels
of glyphosate in surface waters, sediments and soils
associated with direct sowing soybean cultivation in
north pampasic region of Argentina. Environmental
Pollution, 156(1), 61-66. https://doi.org/10.1016/j.
envpol.2008.01.015

Plant, J. A., Kinniburgh, D. G., Smedley, P. L., Fordyce, F.
M., & Klinck, B. A. (2003). 9.02—Arsenic and Selenium.
En H. D. Holland & K. K. Turekian (Eds.), Treatise on
Geochemistry (pp. 17-66). Pergamon. https://doi.
org/10.1016/B0-08-043751-6/09047-2

PNUMA. (1992). Convenio de Basilea sobre el Control
de los Movimientos Transfronterizos de los Desechos
Peligrosos y su Eliminacién (p. 126). Programa de las
Naciones Unidas para el Medio Ambiente, Convenio de
Basilea.

145

@ Lirene [ CENSALUD
WNALS Suisse =3 UNIVERSIDAD DE EL SALVADOR
PubChem. (2020a). Tebufenozide Hazardous

Substances DataBank Number: 7050 Related PubChem

Records: Related CIDs: 91773. National Library
of Medicine National Center for Biotechnology
Information. https://pubchem.ncbi.nlm.nih.gov/
source/hsdb/7050

PubChem. (2020b). Terbufos, Hazardous Substances
DataBank Number: 6444 Related PubChem
Records: Related CIDs: 25670. National Library
of Medicine National Center for Biotechnology
Information. https://pubchem.ncbi.nlm.nih.gov/
source/hsdb/6444

Quilubrisa. (2004). Rafaga 20 SL, Herbicida—Bipiridilo
Paraquat (p. 2).

Quilubrisa. (2017). Panfleto Herbamax 60 SL, Herbicida-
Fenoxi-2,4-D (p. 2).

Quinteros, E. R., & Lépez, J. A. (2019). Acute pesticide
poisonings epidemiology in El Salvador. ALERTA Revista
Cientifica Del Instituto Nacional de Salud, 2(2), 125-134.
https://doi.org/10.5377/alerta.v2i2.7846

Ramirez Villanueva, G. (2020). Situacién hidroldgica
en la cuenca del Aguacate, entrevista telefonica
[Comunicacién personal].

Reis, F. C., Victdria Filho, R., Andrade, M. T., Barroso,
A. a. M., Reis, F. C,, Victodria Filho, R., Andrade, M. T., &
Barroso, A. a. M. (2019). Use of Herbicides in Sugarcane
in the Sao Paulo State. Planta Daninha, 37. https://doi.
org/10.1590/s0100-83582019370100064

Requena, L. F., & Mayton, B. A. (1991). Surface and
Groundwater Contamination in selected Watersheds
in Southwesterrn El Salvador (United States Agency for
International Development). United States Agency for
International Development.

Reynoso, M. S. Arévalo Hernandez, A., Velasco,
A. F, & Alvarez Moya, C. (2014). Genetic damage
in Goodea atripinnis (Goodeidae) and persistent
organic-compounds in both Chapala and Sayula
Lakes, in Mexico. Hidrobiologica, vol.24 no.3.
http://www.scielo.org.mx/scielo.php?script=sci_
arttext&pid=50188-88972014000300005




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Ribé Arnau, A., Vela Parada, A., Quinteros, E., Mejia, R.,
Orantes, C. M., Molinas Davi, J., & Lépez, D. L. (2014).
GEONEFROSALVA, una plataforma SIG en software libre,
para la caracterizacion de los Factores de Riesgo de la
Enfermedad Renal Crénica de causas no tradicionales
que afecta a la poblacion agricola de El Salvador.
https://dugi-doc.udg.edu/handle/10256/9037

RITA. (2015). La culture de la canne a sucre (Saccharum
officinarum ) (Fiche D26; p. 4). Réseaux d'Innovation
et de Transfert Agricole (RITA), Institut Karibéen et
Amazonien de l'Elevage (IKARE)).

Robertson, D. R., & Allen, G. R. (2015). Peces Costeros
del Pacifico Oriental Tropical: Sistema de informacion
en linea—Version 2.0 (p. 32). Instituto Smithsonian de
Investigaciones tropicales, Balboa.

Rodriguez, M. I. (2014). Chronic kidney disease in our
farming communities: Implications of an epidemic.
MEDICC Review, 16(2), 77-78.

Rodriguez, M. I., Espinoza, E., & Menjivar, E. V. (2013).
Informe de Labores 2012-2013 (p. 212). Ministerio de
Salud de El Salvador. https://www.transparencia.gob.
sv/institutions/minsal/documents/13867/download

Rubio, F. (1994). Informe del estado del medio ambiente
marino en el area Pacifico de El Salvador (p. 205).
Comisidon Permanente del Pacifico Sur (CPPS).

Ridel, H., Kérner, W., Letzel, T., Neumann, M., Nédler,
K., & Reemtsma, T. (2020). Persistent, mobile and toxic
substances in the environment: A spotlight on current
research and regulatory activities. Environmental
Sciences Europe, 32(1), 5. https://doi.org/10.1186/
s12302-019-0286-x

Sandoval, G. (2019). Intercambio de Informacion
Técnica sobre las Importaciones de Fertilizantes y
Productos Fitosanitarios [Comunicacion personal].

SBC. (2011). Parties to the Basel Convention on the
Control of Transboundary Movements of Hazardous
Wastes and their Disposal. http://www.basel.int/
Countries/StatusofRatifications/PartiesSignatories/
tabid/4499/Default.aspx

146

SCAHT, & Ecotox Centre. (2018). Evaluation (éco)
toxicologique du glyphosate — un produit phytosanitaire
fait débat-Fiche d'information (p. 3). Swiss Centre for
Applied Human Toxicology, Swiss Centre for Applied
Ecotoxicology.

SCR. (2010). La Convention—Apercu. Convention de
Rotterdam, share responsability. http://www.pic.int/
LaConvention/Aper%C3%A7u/tabid/1747/language/fr-
CH/Default.aspx

SCR. (2017a). Convenio de Rotterdam, Productos
Quimicos del Anexo llIl. Secretariat of the Convenio
de Rotterdam. http://www.pic.int/ElConvenio/
ProductosQu%C3%ADmicos/Anexolll/tabid/2031/
language/es-CO/Default.aspx

SCR. (2017b). Convenio de Rotterdam sobre el
Procedimiento de Consentimiento Fundamentado
Previo Aplicable a Ciertos Plaguicidas y Productos
Quimicos Peligrosos Objeto de Comercio Internacional
(p. 53). Secretaria del Convenio de Rotterdam.

SERAS. (2007). Standard Operating Procedures,
Groundwater Well Sampling (p. 21). Scientific,
Engineering, Response & Analytical Services Contract.

Silva, V., Montanarella, L., Jones, A., Fernandez-Ugalde,
0., Mol, H. G. J,, Ritsema, C. J., & Geissen, V. (2018).
Distribution of glyphosate and aminomethylphosphonic
acid (AMPA) in agricultural topsoils of the European
Union. Science of The Total Environment, 621, 1352-
1359. https://doi.org/10.1016/j.scitotenv.2017.10.093

Singh, M., & Sharma, S. D. (2008). Chapter 16—
Benefits of Triazine Herbicides and Other Weed
Control Technology in Citrus Management. En H. M.
LeBaron, J. E. McFarland, & O. C. Burnside (Eds.), The
Triazine Herbicides (pp. 199-209). Elsevier. https://doi.
org/10.1016/B978-044451167-6.50019-2

Singh, Z., Kaur, J., Kaur, R, & Hundal, S. S. (2016).
Toxic Effects of Organochlorine Pesticides: A Review.

American Journal of BioScience, 4(3), 11. https://doi.
org/10.11648/j.ajbio.s.2016040301.13

Sendergaard, M. (2009). Redox Potential. En G. E.
Likens (Ed.), Encyclopedia of Inland Waters (pp. 852-
859). Academic Press. https://doi.org/10.1016/B978-
012370626-3.00115-0




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

SSC. (2018). Convenio de Estocolmo sobre
Contaminantes Organicos Persistentes (COP), Texto
y Anexos Enmendado en 2017 (p. 80). Secretaria
del Convenio de Estocolmo sobre Contaminantes
Organicos Persistentes.

SSC. (2019). Stockholm Convention, Implementation,
Pesticide POPs. Stockholm Convention. http://chm.
pops.int/Implementation/PesticidePOPs/tabid/5359/
Default.aspx

Stepa, R. A., Schmitz-Felten, E., & Brenzel, S. (2019).
Carcinogenic, mutagenic, reprotoxic (CMR) substances.
https://oshwiki.eu/wiki/Carcinogenic,_mutagenic,_
reprotoxic_(CMR)_substances

Struger, J., Thompson, D., Staznik, B., Martin, P,
McDaniel, T., & Marvin, C. (2008). Occurrence of
Glyphosate in Surface Waters of Southern Ontario.
Bulletin of Environmental Contamination and
Toxicology, 80(4), 378-384. https://doi.org/10.1007/
s00128-008-9373-1

Stucki, P. (2010). Méthodes d'analyse et d'appréciation
des cours d'eau en Suisse (UV-1026-F; p. 61). Office
fédéral de l'environnement.

Sundaram, K. M. S. (1997). Persistence of tebufenozide
in aquatic ecosystems under laboratory and field
conditions. Pesticide Science, 51(1), 7-20. https://doi.
org/10.1002/(SIC1)1096-9063(199709)51:1<7::AID-
PS589>3.0.CO;2-A

SYNGENTA AGRO S.A. (2015). GESAPRIM ® 90 WDG.

ThiHue, N., Nguyen, T. P. M., Nam, H., & Hoang Tung, N.
(2018, febrero 25). Paraquat in Surface Water of Some
Streams in Mai Chau Province, the Northern Vietnam:
Concentrations, Profiles, and Human Risk Assessments
[Research Article]. Journal of Chemistry; Hindawi.
https://doi.org/10.1155/2018/8521012

Thundiyil, J. G., Stober, J., Besbelli, N., & Pronczuk,
J. (2008). Acute pesticide poisoning: A proposed
classification tool. Bulletin of the World Health
Organization, 86(3), 205-209. https://doi.org/10.2471/
BLT.08.041814

TOXNET. (2019). U.S. National Library of Medicine,
Toxicology Data Network. https://toxnet.nlm.nih.gov/

@ Liren

WNLS Suisse

Trabanino, R. G., Aguilar, R., Silva, C. R., Mercado, M. O,,
& Merino, R. L. (2002). Nefropatia terminal en pacientes
de un hospital de referencia en El Salvador. Revista
Panamericana de Salud Publica, 12, 202-206. https://
doi.org/10.1590/51020-49892002000900009

Tt,D.,Yh Z,Y,2,S,D,3,Z,Y,C, Yz, W, Gt, W, &
Ls, H. (2019). Deriving water quality criteria for China
for the organophosphorus pesticides dichlorvos and
malathion. Environmental Science and Pollution
Research International, 26(33), 34622-34632. https://
doi.org/10.1007/s11356-019-06546-4

UMVF. (2014). Maladie rénale chronique chez l'enfant.
Université Médicale Virtuelle Francophone- Campus de
Pédiatrie - College National des Pédiatres Universitaires
(CNPU). http://campus.cerimes.fr/media/campus/
deploiement/pediatrie/enseignement/maladie_
renale_enfant/site/html/3.html#3

UNEP. (2002). Regionally Based Assessment of Persistent
Toxic Substances: Central Amercia and Caribbean
Regional Report. (p. 145). United Nations Environment
Programme Chemicals.

UNEP. (2014). Status of ratifications of the Stockholm
Convention. http://chm.pops.int/Countries/
StatusofRatifications/PartiesandSignatoires/
tabid/4500/Default.aspx

US DA. (1984). Pesticide Background Statements, Vol.
| Herbicides (Agriculture Handbook No. 633). United
States Department of Agriculture.

US EPA. (1992). Fact Sheet Number 230: Clethodim. U.S.
Environmental Protection Agency.

US EPA. (1995). Reregistration Eligibility Decision
(RED) Ethephon (EPA 738-R-95-003; p. 258). U.S.
Environmental Protection Agency.

US EPA. (2000). Guidance for Assessing Chemical
Contaminant Data for Use in Fish Advisories: Vol.
Volume 2: Risk Assessment and Fish Consumption
Limits (Third Edition). Office of Science and Technology
Office of Water.

US EPA. (2002). National Recommended, Water Quality
Criteria: 2002 (p. 36). U.S. Environmental Protection
Agency.

(1 CENSALUD

29 oo
723 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

US EPA. (2008). White Paper on Methods for Assessing
Ecological Risks of Pesticides with Persistent,
Bioaccumulative and Toxic Characteristics (p. 222).
United States Environmental Protection Agency.

US EPA. (2019). Paraquat: Preliminary Ecological Risk
Assessment for Registration Review (N.o 061601; p.
180). U.S. Environmental Protection Agency.

US EPA, OAR. (2016, abril 19). Particulate Matter (PM)
Basics [Overviews and Factsheets]. US EPA. https://
www.epa.gov/pm-pollution/particulate-matter-pm-
basics

USEPA, OCSPP.(2015a, abril 13). Aquatic Life Benchmarks
and Ecological Risk Assessments for Registered
Pesticides [Data and Tools]. US EPA. https://www.epa.
gov/pesticide-science-and-assessing-pesticide-risks/
aquatic-life-benchmarks-and-ecological-risk

US EPA, OCSPP. (2015b, junio 17). Assessing Human
Health Risk from Pesticides [Collections and Lists]. US
EPA. https://www.epa.gov/pesticide-science-and-
assessing-pesticide-risks/assessing-human-health-
risk-pesticides

US EPA, U. S. E. P. (2013). Pesticides in Ground Water
Database: A Compilation of Monitoring Studies: 1971-
1991, National Summary. BiblioGov.

US-EPA. (2019). Groups of Pesticides in Registration
Review. EPA, United States Environment Protection
Agency. https://www.epa.gov/pesticide-reevaluation/
groups-pesticides-registration-review

van Almsick, A. (2009, febrero). New HPPD-Inhibitors;
A Proven Mode of Action as a New Hope to Solve
Current Weed Problems [Text]. https://doi.org/
info:doi/10.1564/20feb09

van Leeuwen, L. C,, Vos, J. H., & Mensink, B. J. W. G.
(2008). Environmentalrisk limits for lambda-cyhalothrin
(N.o 601716001/2008; p. 45). National Institute for
Public Health and the Environment (RIVM).

Vandervort, D., Lépez, D., Orantes Navarro, C. &
Rodriguez, D. (2014). Distribuciéon espacial de la
enfermedad renal cronica no especificada segun el area
cultivada y la temperatura del ambiente en El Salvador.
MEDICC review, Vol 2.

148

Vasquez-Jandres, M., Marinero, O., Funes, C. R., Solano,
N., Caceros, E., Quintanilla, R., Paz, Q., & Henriquez, M.
B. (2017). Factores de riesgo frente al cambio climatico
y parametros introductorios de la calidad del agua en el
area de conservacion Barra de Santiago-El Imposible:
El Uso de bioindicadores para su monitoreo. (p. 59).
CENSALUD.

Vervaet, B. A, Nast, C. C., Jayasumana, C., Schreurs,
G., Roels, F., Herath, C., Kojc, N., Samaee, V., Rodrigo,
S., Gowrishankar, S., Mousson, C., Dassanayake, R,
Orantes, C. M., Vuiblet, V., Rigothier, C., D'Haese, P. C.,
& De Broe, M. E. (2020). Chronic interstitial nephritis in
agricultural communities is a toxin-induced proximal
tubular nephropathy. Kidney International, 97(2), 350-
369. https://doi.org/10.1016/j.kint.2019.11.009

Watts, M. (2013). Poisoning our Future Children and
Pesticides (p. 176). Pesticide Action Network Asia and
the Pacific.

Werner, O. (2018). Guia para la identificacion de
enfermedades de la caiia (p. 89). Centro Guatemalteco
de Investigacion y Capacitacion de la Cafa de Azucar.

Whitemore, R. W., Immerman, F. W., Camann, D. E.,
Bond, A. E., Lewis, R. G., & Schaum, J. L. (1994). Non-
occupational exposures to pesticides for residents of
two U.S. cities. Archives of Environmental Contamination
and Toxicology, 26(1), 47-59. https://doi.org/10.1007/
bf00212793

WHO. (2004). Children are facing high risks from
pesticide poisoning. World Health Organisation.
https://www.who.int/mediacentre/news/notes/2004/
npl9/en/

WHO. (2006). Guidelines for drinking-water quality
[electronic resource]: Incorporating first addendum.
Vol. 1, Recommendations. — 3 rd ed. (ISBN 92 4 154696
4; p. 595). World Health Organization.

WHO. (2010a). Generic Risk Assessment Model for
Indoor and Outdoor Space Spaying of Insecticides (ISBN
978 92 4 159954 2; p. 74). Worl Health Organization.

WHO. (2010b). The WHO Recommended Classification
of Pesticides by Hazard and Guidelines to Classification
2009 (ISBN 978 92 4 154796 3; p. 81). World Health
Organization.




Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

Wildi, M. (2019). Visita de campo del 30/4/2019 en la
microcuenca del Aguacate con ACMA.

Williams, R. J. P, & Frausto da Silva, J. J. R. (2006).
Chapter 2—Basic Chemistry of the Ecosystem.EnR. J. P.
Williams & J. J. R. Frausto da Silva (Eds.), The Chemistry
of Evolution (pp. 35-76). Elsevier Science Ltd. https://
doi.org/10.1016/B978-044452115-6/50045-2

Wilson, P. C. (2010). Water Quality Notes: Dissolved
Oxygen (N.o SL313; p. 8). University of Florida.

Wittmer, 1., Junghans, H., Singer, H., & Stamm, C.
(2014). Micropolluant, Stratégie d'Evaluation pour les
Micropolluants de Sources Non Ponctuelles. Etude
réalisée sur mandat de 'OFEV. Eawag, Dubendorf.

5y Lirene [0

WNLS Suisse

WPR. (2021). El Salvador Population 2021. World
Population Review. https://worldpopulationreview.
com/countries/el-salvador-population

Zuniga, V. P, Azofeifa, I. V., Vargas Quinteros, M. C., &
Hartig, F. A. (2010). Hydrogeochemistry in the coastal
aquifer of the Uraba region. 9(17), 11.

Zwetsloot, H. M., Nikol, L., & Jansen, K. (2018). The
general ban on aerial spraying of pesticides of the
European Union: The policy-making process between
1993-20009. 37. https://doi.org/10.18174/442443

149

CENSALUD

ODEAVETAION DIROLDENSILD
5 UNIVERSIDAD DE EL SALVADOR




Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

11 Appendixes

11.1 Methodological Chart: Analysis of the
conflict-sensitive territory

Organization of the activity

General objective: The objective of this meeting is to
present to the target communities the intentions of
UNES relative to the planned research process on the
issue of sugar production in the territory, in order to
plan the steps with the population in line with a conflict
sensitive approach.

Technical objective: Participants use the tools and

Materials:

concepts learned during the community diploma
course on the principles of integrated water and
contamination management to facilitate the analysis
of the context of the conflict in the territory in relation
to sugar production. Qualitative observations are
collected on the positive and negative impacts of
sugarcane monocultures.

Products: List of the main challenges faced by the
communities in the territory, map of actors and
relationships, list of sources of tension and conciliators,
analysis of risks and opportunities, lists of observations
on the territory.

Scissors

List of assistants
List of per diems
Writing board

Projector - electric cable -computer

Four packs of markers (red, blue, green, black)
Camera

Color sheets

Adhesive tape

Flip charts

Agenda:

Welcome and presentation of the objectives of the meeting.

Introduction of the proposed research process.

Definition of the main challenges faced by the communities in relation to the research.

Identification of the key actors in the territory in relation to sugar production and their relationships.

Identification of sources of tension and reconciling elements.

Analysis of risks and opportunities through research.

Compilation of information on the socio-environmental impacts of sugar crops.

Synthesis and conclusions.
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Content Objectives moderators Objectives participants Methodology Material
Present to the participants
the program of the day and el
Welcome and presentation of o . Take note of the day's agenda . . Projector .
- . the objectives established. : Power Point Presentation . 10 min
the objectives of the meeting L and ask questions. Extension cord
Demonstrate the continuity of the .
Slides
process after the end of the course.
The introduction arouses the | Participants are informed of
Introduction of the proposed |nterest. of thg participants, but | the |ntent|ons,.object|ves and Power Point Presentation Slides 15 min
research process. also their questions, doubts and/or | goals of UNES in the proposed
suspicions. research.
Analysis of context fragility
In small groups of 6 people, participants list the
Definition of the main The particioants list the relevant conflicts present at the territorial level, judge
challenges faced by | Participants list the main conflicts P P ! their intensities (low/medium/strong) if there is a | Aflipchart with 3 .
L . L : relevant conflicts to which they - . ) . 20 min
communities in relation to | that exist in the territory. S . o probability of escalation during the research process | different columns
are subject in their territories. ) o .
research. and at the time of publication, the media coverage of
the report.
o On colored maps of different sizes by importance or
Identification of  key Participants identify all the | The participants draw up a | POWer, participants list the actors involved in the topic.
el Gl s IO el 7 actors involved in the topic and | map of the actors and their ] || e e 20 min
relation to sugar production | - iz their relati ﬁ lp' hi The actors are placed on a flipchart and their | tape, marker pens
and their relationships. characterize their relationship. relationships. relationships are characterized by different types of
lines.
- What leads to tensions in the current situation?
- What are the connecting elements? 2 fl|pchart, one
- . . . - . . with the tensions
Identification ~ of  tension | Identify the sources of tension and | Participants identify sources .

- : . . . - What are the current threats to peace and stability? | sources and the .
sources and  reconciling | the elements of bonding that unite | of tension and conciliatory other one with 20 min
elements. people in this situation. elements. - To what extent do tensions affect women and men th iliat

differently? e conciliatory
’ elements
- What do people do together despite tensions?
. : FEIUEIEIS give Cly el Part|C|pan.t.SJudge 0L SEI A flipchart presents the planned steps for the research . .
Analysis  of  risks and | recommendation and accept or | opportunities of each stage of " . . A flipchart with
. ) . . and complete participants according to the risks and o .
opportunities through | reject the research steps depending | the research and specify the " . opportunities and 20 min
N opportunities they see during the process and the |
research. on whether they are harmful to the | contributions they would be results risks
community. willing to make. '
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Content

Compilation of information

Objectives moderators

Community  observations and

Objectives participants

Participants fill out a colored
piece of paper by observation
and write on the back why they

Methodology

The “Beehive” Technique

1) The facilitator asks the participants to form groups
of 6, wherever they are (i.e., in the same room).

2) The groups are invited to answer the question:
What are my personal observations and the facts that

Material

3 flipcharts with
the main social,

a decision on the progress of the
research and to define its support.

step envisaged and how it will
be carried out.

a decision on the
progress of the
research and to
define its support.

on the socio-environmental | perceptions are collected and | . 0. i< partiall I have observed about the direct relationship between ) Lang | 20 min
impacts of sugar crops. organized. elieve thisimpactis partially or | 5 garcane monocultures and their impact on my | €nvironmentalan
totally related to the presence | anvironment and what makes me say that they come | €conomic classes.
of sugarcane monocultures. from this type of crop?
3) The answers are written on colored paper and
pasted on different flipcharts depending on the
economic, environmental or social impact.
The various aspects
. are reviewed
. . Aleader summarizes the results .
The various aspects are reviewed . o in order for the
in order for the committee to make R committee to make
Debriefing and conclusion takes a decision on the next Debriefing and conclusion 20 min
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11.2 Chronology of events following the acceptance of Decree No. 473

Table 32 Events after the acceptance by GANA and the FMLN of the revision of the Pesticides Law.

Date

Events
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References

September 5, 2013

Members of the FMLN and GANA agree to revise the pesticide and fertilizer
control law, which bans 53 agrochemicals in El Salvador.

(CAD, 2013c)

September 10, 2013

The president and director of the Coffee Growers Association denounces
this revision, which prohibits the use of endosulfan, used to combat the
coffee berry borer, and the prohibition of herbicides because manual
weeding is more expensive (labor).

The Council Executive National (COENA) asks President Mauricio Funes to
study the decree, which is considered a threat to food security and to the
country’s economy.

(CAD, 2013a)

September 11, 2013

The international agribusiness lobby CroplLife (BASF, Bayer CropScience,
Dow AgroSciences, DuPont, FMC Corporation, Monsanto, Sumitomo and
Syngenta) reports that this revision could reduce agricultural production in
El Salvador by 60%.

(CAD, 2013e)

September 19, 2013

President Mauricio Funes receives the decree.

(Funes, 2013)

October 1, 2013

President Mauricio Funes returned the decree with observations to the
Legislative Assembly. The president mentioned that 42 substances included
in the lists are already prohibited by national ministerial agreements
and international conventions. According to the President, a technical
committee will be created to evaluate the risk based on scientific principles
of the other 11 active substances mentioned in the decree.

(CAD, 2013d)

October 3, 2013

The deputies of the Legislative Assembly continue to debate the other
11 substances without reaching an agreement. Angel Ibarra president of
UNES) said that the 11 substances are the most sold in the country and the
ones with the highest toxic risk.

(CAD, 2013f)

November 27, 2013

The Commission on Environment and Climate Change of the congress
establishes a 1-year limit to ban the sale of paraquat and a 2-year limit for
the remaining 52 substances. The Commission accepts the creation of a
technical committee for the evaluation of substances.

(CAD, 2013b)

Imports of insecticides, herbicides and fungicides increased by 6% in

2015-2016 Central America. (CAD, 2017)
Central American companies have until December 20, 2020 to incorporate

March 11, 2019 the new Globally Harmonized System labeling standards for products (CAD, 2019b)
based on their toxicity and hazardousness.

September 26, 2019 The Government of El Salvador invested US$3 million in the purchase of (CAD, 20192)

fungicides (40,775 liters) and insecticides (30,000 liters) for coffee growers.
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11.3 List environmental hazard per pesticide

Active ingredient Persistence Bioaccumulation Toxicity Mobility

Fungicide

Pyraclostrobin - potentially B potentially T M
Herbicide

2,4-Dichlorophenonxyacetic acid mP no T mM
Amethrin no potentially T mM
Atrazine potentially T mM
Carfentrazone no potentially T mM
Cletodim no no potentially T M
Diuron no no potentially T mM
Ethoxysulfuron no no potentially T mM
Fluazifop no no potentially T M
Glyphosate no no probably no T M
Glufosinate Ammonium no no no =
Hexazinone P no T mM
Imazapic no mB probably no T mM
imazapyr no no T mM
Indaziflam mP no T+ mM
Isoxaflutole Nop(:joedgl:g:ia;)ion no T mM
Mesotrione no no no mM
Metribuzin P no T mM
Metsulfuron methyl - n 115 mM
Paraquat mP - T no
Pendimethalin no no T M
Picloram P no probably no T mM
S-Metholachloro no no potentially T mM
Terbutryn mP no T mM
Topramezone P no potentially T mM
Insecticide

Chlorantraniliprole mP no potentially T mM
Chlorpyrifos mB T M
Fipronil no T+ mM
Imidacloprid mP no T+ mM
Lambda cyhalothrin P n T+ non
Tebufenonzide no no potentially T mM
Terbufos no no T+ mM
Thiamethoxan P no potentially T mM
Triflumuron no potentially B T M
Ethephon no no no mM
Trinexapac-ethyl no no no mM
Coumatetralyl no no no -
Flocoumafen mP mB mT no

154




@ Liren

WNLS Suisse

CENSALUD

GO0 D VTGN YDESHROLOENSALD
UNIVERSIDAD DE EL SALVADOR

Case Study of the Sugarcane Industry in sub-basin El Aguacate of the Paz River

11.4 Prioritization of substances of concern
to be monitored in the aquatic system

The process of selecting the substances to be
monitored was carried out following the next steps.
First, the 39 substances were separated by their uses as
herbicides, insecticides, fungicides, rodenticides, and
growth regulators. This was done in order to obtain
representative active ingredients for each use group.

Within each group, the different active ingredients
were prioritized (referred to as the “Priority Index”)
by summing the amounts used per year normalized
by the maximum import value in the group and the
resulting hazard score (Chapter 3.3) normalized by the
maximum value in the group. The general formula used
to calculate the priority index for active ingredient i is
as follows:

Al;
Almax

Priority Index; (4)

+

PUmax

Al; : Amount imported of active ingredient i;

Almax: Amount Maximum imported into the group.

Pu; : Point score PBMT?® of the active ingredient i;

Pumax: PPoint score Maximum PBMT in the group.

This general index takes into account hazard
indicators (PBMT) and an exposure indicator (amount
used). Ideally, the concentrations of environmental
measurements of the different active ingredients should
also be considered, but these data are not available for
El Salvador.

The histograms presented below (Figure 32) classify
herbicides and insecticides in terms of the amounts
used (A, B), the PBMT hazard score obtained in Chapter
3.3(A’, B) and, finally, by the overallindex that integrates
these last two parameters (A", B”).

It can be seen from Figure 32 that the active ingredients
to be monitored as a priority are not the same if their
level of use or hazard characteristics are considered
separately. Figures A" and B™ classify the substances
to be monitored as a priority based on PBMT indicators
and quantities used.

% Persistence, Bioaccumulation, Mobility, Toxicity.
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of insecticides by their uses, A) Classification of herbicides by their

PBMT hazard index, B) Classification of insecticides by their PBMT hazard index, A") Classification of herbicides by their priority index, B")
Classification of insecticides by their priority index, A”) Classification of herbicides by their PBMT hazard index, B") Classification of insecticides

by their priority index.

Table 33 lists all priority indexes to be monitored for
each use group. The priority index is less relevant for
groups containing only 1 or 2 active substances such as
fungicides, growth regulators and rodenticides. This is
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because this indicator is proportional to the degree of
use and hazard of the active substances presentin each
group.
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11.5 Environmental Compartment to be
sampled

After prioritizing the substances in each group, the
environmental matrix (water, sediment, biota) in which
the active ingredients are most likely to be found
was defined. The first indicators to be considered to
evaluate the behavior of a chemical released into the
environment are the air-water distribution coefficient
(Henry's law constant, KH (Pa m3/mol), solubility (Sw
(mg/L), hydrophobicity (octanol-water constant KOW),
soil adsorption coefficient (organic water partition
coefficient mL/g) and biodegradation time in soils (soil
DT50) (Gilliom et al., 2007).

Biodegradation times in water and in the sediment-
water system (DT50) were also being sought, as they
provide an indication of the relevance of measuring
the original active ingredient with respect to these
degradation products. For example, glyphosate is
rapidly degraded in soils by microbial activities in AMPA
(aminomethylphosphonic acid) (Hagner et al., 2019).
This degradation product is strongly adsorbed in soils,
which can be found in sediments in proportions often
much higher than the mother molecule (Battaglin et al.,
2014; Bonansea et al., 2017; Silva et al., 2018).

Initially, active substances with a log(Koc) or log(Kow)
less than 3 were assigned to the aqueous phase and
those with a log(Kow) greater than 5 to the sediment
(EC, 2011). Substances between log(Koc) 3 and 5 were
considered on a case-by-case basis.

Active substances with a log(BCF) greater than 2 were
marked as can be found in the biota (EC, 2011). Active
substances with a high probability of occurrence in
groundwater were also identified in function of their
persistence and mobility in soil

To confirm the tendency to find these chemicals in the
different environmental compartments, the degree
of occurrence of each chemical in surface water,
groundwater, sediments and biota was also taken

@ Liren
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into consideration. The indicator of the presence of
chemicals is the number of exceedances of the limit
of quantification (LOQ) in the different environmental
compartments.

These occurrence levels and the data corresponding
to these different indicators were directly consulted
in the NORMAN?% network's “Substance Sheets”
database (NORMAN, 2020). For substances for which
measurements of environmental concentrations
were not available, the assessment was based on the
“environmental fate” chapters of the registration files of
the U.S. EPA% and EU ECHA?,

As shown in Table 33, most of the herbicides (19) are
polar with a logarithm (Koc) lower than 3 and should
be found mainly in the water phase such as 2,4-D,
ametryn, atrazine, carfentrazone, clethodim, diuron,
ethoxysulfuron, fluazifop, glufosinate-ammonium,
hexazinone, imazapic, imazapir, isoxaflutole,
mesotrione, metribuzin, metsulfuron methyl, picloram,
s-metolachlor, topramezone. With the purpose
of checking whether this trend is confirmed in
environmental measurements, these active ingredients
were searched for in the above-mentioned NORMAN
database (NORMAN, 2020).

The herbicides truly found in surface waters are
2,4-dichlorophenoxyacetic acid, ametryn, atrazine,
diuron,  ethoxysulfuron,  glufosinate-ammonium,
hexazizone, isoxaflutole, picloram, metribuzin, and
metolachlor. Data on the remaining substances are not
available and have been marked with an (x) in the table
below. As for insecticides, chlorantraniliprole, firpronil,
imidacloprid, terbufos, thiamethoxan should also be
found more in the aqueous phase based on their Koc
values. Chlorantraniliprole, firpronil, imidacloprid and
thiamethoxan were in fact overwhelmingly found
in surface waters based on data summarized by the
NORMAN network (NORMAN, 2020).

Thiamethoxan is highly mobile in soils and may also
be of concern because of its potential to contaminate

27 Network of reference laboratories, research centers and related organizations for monitoring of emerging environmental substances

2 United States Environmental Protection Agency
2 European Chemical Agency
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groundwater (NY DEC, 2002). Terbufos, with a Koc
between 500 and 5000 has been measured in surface
water, sediments and biota. Its ability to bioconcentrate
in aquatic organisms also makes it a hazard to higher
trophic level organisms, including humans (PubChem,
2020b).

In accordance with the PMT and vPvM analysis in
Chapter 3.3, nine pesticides have physicochemical
characteristics that could cause these substances to
leach into aquifers. Of these nine pesticides, six were
actually found in aquifers in Europe, including 2,4-D,
chlorantraniliprole, fipronil, hexazinone, imidacloprid
and metribuzin. Sixteen other pesticides on this list of
39 active substances were also detected in European
aquifers, including ametryn, atrazine, diuron,
ethoxysulfuron, glyphosate, imazapyr, isoxaflutole,
metsulfuron  methyl, pendimethalin, picloram,
pyraclostrobin, s-metolachlor, terbufos, thiamethoxan,
triflumuron and trinexapac-ethyl.

The herbicides that are absorbed into soils and are
most likely to be found in sediments are clethodim,
glyphosate,  glufosinate-ammonium, indaziflam,
paraquat, pendimethalin and terbutryn. However,
it should also be noted that clethodim can be very
persistent in the aquatic system (water and sediment)
but has a low probability of ending up in the aquatic
system because it degrades rapidly in soils (US EPA,
1992).

Glyphosate adsorbs on soils rich in organic matter and
can enter the aquatic system through erosion (US DA,
1984). Glufosinate-ammonium has ambivalent behavior
and its adsorption to soil is low to high (9.6-1229)
(NORMAN, 2020). However, it degrades rapidly in soil
and its degradation products are mobile advantages. In
some cases, its MPP3® degradation product could reach
the aquifer (EFSA, 2005).

Terbutryn may be found in sediments in function of its
Koc value and degradation constants. However, it has
also been mentioned that it may degrade to hydroxy-
terbutryn, which may leach into aquifers (Meister,
1992). The three active ingredients with high probability
to be found in sediments and persistent are indaziflam,

paraquat and pendimethalin

No environmental data were found on lambda
cyhalothrin, but it is moderately bioaccumulative and
persistent and adsorbs strongly to the particulate
phase (van Leeuwen et al., 2008). Simulation trials have
shown high accumulation in insects and aquatic plants
(Hamer et al., 1999; Moore et al., 2001). Tebufonozide is
persistent and strongly adsorbed to soils and sediments
(Sundaram, 1997). The pesticide also accumulates in
aquatic organisms (BCF of 370) (PubChem, 2020a).
The sediment and biota matrix should be prioritized for
monitoring of these two substances.

Triflumuron was measured in surface water, sediments
and biota. It accumulates in some fish but is rapidly
excreted (EU, 2015). This active ingredient is slightly to
moderately persistent (EU, 2015). Because of its very
rapid degradation in water (DT50 2.9 days), it would be
preferable to monitor it in sediments (DT50 23.9 days).

The fungicide pyraclostrobin is a molecule with affinity
for organic carbon with log(Koc) between 3.8 and 4.2
(AVPMA, 2003). It has been monitored in surface water,
sediments and biota (NORMAN, 2020). Because of its
hydrophobicity and slower degradation in soils (12-166
days) and sediments (26-96 days), this fungicide should
have a higher probability of being found in sediments.
It accumulates in some fish with BCFs of 247, 691 and
1195, but is rapidly metabolized and eliminated in these
organisms (AVPMA, 2003).

Two growth regulators are registered for use in
sugarcane fields. Ethephon has low to moderate
mobility in soils and degrades rapidly (DT50 5.1-8 days).
If found in sediment it also degrades rapidly (DT50 5.3
days) (US EPA, 1995). No environmental measurement
data were found for this product.

The mobility of trinexapac-ethyl in soil is pH dependent
with an increase in mobility with increasing pH. The
substance degrades very rapidly in aerobic soil (0.045-
0.72 days) and relatively quickly in water (25.9 days) and
is very unlikely to be found in sediment (EPAL, 2018).

0 3-methyl-phosphinico-propionic acid
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The rodenticide flocoumafen was not imported into El
Salvador between September 2018 and August 20109. If
it would be used, it would be expected to be bound to
soil or sediment organic carbon. Flocoumafen is highly
persistent in soils and also in water and sediments. It is
highly bioaccumulative in fish (24300 L/kg) (EC, 2016).

Coumatetralyl does not have the necessary data to
assess its persistence in the aquatic system. It is rapidly
degraded by light, but may persist for 30 to 86 days in

159

soils. It is considered to have low mobility in sandy, clay
and sandy loam soils.

Although the active ingredients that can
potentially bioaccumulate according to BCF>100
are pendimethalin, glufosinate-ammonium and
carfentrazone, only pendimethalin shows this type
of behavior in the laboratory with a BCF of 5000 (EC,
2003). Carfentrazone is metabolized in fish tests (NRA,
2000).
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Table 33 Priority index, relevant environmental compartment for sampling and biodegradation time of active ingredients.

Environmental compartment

Biodegradation (DT50)

Active ingredient CAS Chemical family Priority Surface Ground Sediment Biota Soil Water Water-
index Water Water Sediment
Herbicides
24-D 94-75-7 Phenoxi 17 X X 44 7.7 18.2
Glyphosate 1071-83-6 Phosphonoglycine 1.6 X X 15 9.9 74.5
Diuron 330-54-1 Urea 12 X X 118 9 9
Terbutryn 886-50-0 Triazine 11 X 74 27 60
Paraquat 1910-42-5 Bipyridyl 11 X 180 28 100
Topramezone 210631-68-8 Benzoylpyrazole 1.0 (x) 218 9.5 775
Imazapir 81334-34-1 Imidazolinona 0.8 (x) X 11 - -
Isoxaflutole 141112-29-0 Oxyacetamide 0.8 X X 0.9 0.36 0.36
Picloram 1918-02-1 Pyridine 0.7 X X 82.8 80.8 196.1
Imazapic 104098-48-8 Imidazolinona 0.7 (x) 120 - -
Mesotrione 104206-82-8 Tricetona 0.7 (x) 116 6.6 11
Hexazinone 51235-04-2 Triazine 0.6 X X 105 - -
Amethrin 834-12-8 Triazine 0.6 X X 9.2 No biodeg. 1780
Ethoxysulfuron 126801-58-9 Sulfonylurea 0.6 X X 18 17 30
S-Metholachlor 51218-45-2 Chloroacetanilida 0.5 X X 90 88 365
Fluazifop 69335-91-7 Aryl propanoate 0.5 (x) 74 7.2 245
Glufosinate Ammonium | 77182-82-2 Phosphonic 0.5 X (x) 21 - -
Metsulfuron methyl 74223-64-6 Sulfonylurea 04 (x) X 10 115 224.3
Cletodim 99129-21-2 Oxime cyclohexandiona 04 (x) (x) 0.55 7 16.7
Carfentrazone 128621-72-7 Triazolinone 04 (x) 1 0.1 0.21
Atrazine 1912-24-9 Triazine 04 X X 28 - 80
Indaziflam 950782-86-2 Fluoroalquiltriazine 0.3 X 177 >1000 27-438
Pendimethalin 40487-42-1 Dinitroaniline 0.1 X X X 182.3 4 16
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Environmental compartment

Biodegradation (DT50)*

Active ingredient CAS Chemical family Priority Surface Ground Sediment Biota Soil Water Water-
index Water Water Sediment
Metribuzin 21087-64-9 Triazinone 0.1 X X 71 41 50
Insecticides
Terbufos 13071-79-9 Organophosphate 17 X X X 8 - -
Imidacloprid 138261-41-3 Neonicotinoid 15 X X 191 30 129
Chlorpyrifos 2921-88-2 Organophosphate 15 X X X 386 5 36.5
Thiametoxan 153719-23-4 Neonicotinoid 1.0 X X 50 30.6 40
Chlorantraniliprole 500008-45-7 Diamida anthranilic 1.0 X X 597 - -
Tebufenozide 112410-23-8 Hidrazine 0.7 X X - 30 -
Lambda cyhalothrin 68085-85-8 Pyrethroid 0.5 X X 175 0.24 151
Fipronil 120068-37-3 phenyl pyrazol 0.5 X X 142 54 68
Triflumuron 64628-44-0 Benzoylurea 0.4 X X 22 2.6 6.4
Fungicides
Pyraclostrobin 175013-18-0 Estrobilurin 2 X X X X 41.9 2 28
Growth regulator
Ethephon 16672-87-0 Ethylene 2.0 131 24 2.8
Trinexapac-ethyl 95266-40-3 SZ;LZT:I’;a”ecarb°xylate 11 X X X X 0.16 42 45
Rodenticides
Coumatetralyl 5836-29-3 Coumarin 2.0 X X 89 - -
Flocoumafen 90035-08-8 Coumarin 0.5 X X 213 NA NA

! The half-life (DT50) is defined as the time it takes for an amount of a compound to be reduced in half by degradation.
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11.6 Choice of analytical laboratory

- A survey was carried out in different national
laboratories to evaluate their analytical capabilities
with respect to this list of substances. The laboratories
consulted were the Laboratory of Residues of Chemical
and Biological Substances MAG-OIRSA, Laboratory of
National Public Health and the Laboratory of FUSADES.
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- Fromthe list searched, only the 5 active ingredients and
1 degradation product can be analyzed at the national
level, including atrazine, chlorpyrifos, glyphosate,
paraquat, terbutryn and AMPA. In general, the families
of pesticides that can be analyzed in El Salvador
are  bipyridinium, carbamates, organochlorines,
organophosphates, phosphonoglycines and triazines.
The complete list of substances that can be analyzed is
presented below (Table 34).

Table 34 List of active substances with pesticide effects that can be analyzed in El Salvador

Active Substance Chemical Family OIRSA-MAG LNPHP FUSADES
Diquat bipyridyls X
Paraquat bipyridyls X
Oxamyl carbamates X
Naphthol carbamates X
Aldicarb carbamates X X
Aldicarb sulfone carbamates X
Aldicarb sulfoxide carbamates X X
Carbaryl carbamates X X
Carbofuran carbamates X X
Hydroxycarbofuran carbamates X X
Methiocarb carbamates X
Methomyl carbamates X X
Oxamyl carbamates X
Propoxur carbamates X
Aldrin/Dialdrin organochlorines X X
Chlordane organochlorines
DDT / DDD / DDE organochlorines X X
Endosulfan |
Endosulfan Il organochlorines X X X
Endosulfan Sulfate
Gamma HCH (Lindane) organochlorines X
Heptachlor organochlorines X X
Heptachloro-epoxide organochlorines X X
Hexachlorobenzene organophosphate X X
Lindane organophosphate X X
Chlorpyrifos organophosphate X
Diazinon organophosphate X X
Dichlorvos organophosphate X
Ethyl parathion organophosphate X
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Ethion organophosphate X X
Malathion organophosphate X X

Methyl parathion organophosphate X X
Pirimiphos Methyl phosphonoglicine X

Trazophos phosphonoglicine X

AMPA triazines X

Glyphosate triazines X X

Atrazine triazines X

Simazine triazinas X

Terbuthylazine triazinas X

Terbutryn triazinas X
Organophosphates, carbamates two chemical families, isolated analyses of glyphosate,

organochlorines are analyzed by chemical family.
searched belong
chemical families. For these reasons, the entire list of
organophosphates and triazines is analyzed. To these

The substances

to different

AMPA and paraquat have been added. Following
the recommendations of an expert from the OIRSA-
MAG laboratory, they have been added to the list of
organochlorine analyses.
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11.7 Organoleptic Quality of the Well Water in the Study Area at the End of the Rainy Season.
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Figure 33 Organoleptic quality of water from domestic water wells in 9 communities of El Aguacate micro-watershed (December 2020).
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11.8 Chemical risk assessment of sampled pesticides

Table 35 Spot samples of aminophosphate, bipyridyl and organophosphates in the water of El Aguacate River on October 14 at 1.30 pm until
2.15 pm at station E7 and at 11:05 am until 11.55 am at station E8.

Contaminants Interpretation Sites Risk
LOQ (pg/L) Environ:;::?al quality s::;:.:::: ;:lt:: RQi (risk quotient)
E7-E8

Aminophosphonate
Glyphosate 64 120a Nd <1, there is no risk
Bipyridyls
Paraquat 106 0.5b Nd Cannot be evaluated
Organophosphates
Chlorpyrifos 17 4.6*10“a Nd Cannot be evaluated
Diazinon 21 0.1699¢ Nd Cannot be evaluated
Dichlorvos 38 0.132d Nd Cannot be evaluated
Ethyl parathion 16 0.013c Nd Cannot be evaluated
Ethion 118 0.028d Nd No se puede evaluar
Malathion Nd
Methyl parathion 25 0.1c Nd Cannot be evaluated
Pirimiphos Methyl 21 0.055¢ Nd Cannot be evaluated
Triazophos 45 - Nd

Nd: Not detected

LOQ: Limit of quantification of pesticides

a: Quality criteria for chronic exposure of the Swiss Center for Ecotoxicology. (Ecotox Centre, 2021).
b: Chronic water quality criterion in China. (Tt et al., 2019)

c: Criterion Continuous Concentration of U.S. Environmental Protection Agency (US EPA, 2015).

d: Acute Toxicity Value of U.S. Environmental Protection Agency (US EPA, 2015).

165



Environmental and Health Risks of Pesticides and Fertilizers used in El Salvador:

Table 36 Spot samples of bipyridyl and organophosphates in water from three communities in El Aguacate subwatershed on October 14,
2020.

Contaminants Interpretation Sites Risk
LOQ (ug/L) Guideline values (pug/kg) Well E2, E3, E5 RQi (risk quotient)

Bipyridyls
Paraquat* 106 7b Nd Cannot be evaluated
Organophosphates
Chlorpyrifos 17 30 Nd <1, there is no risk
Diazinon* 21 - Nd
Dichlorvos 38 - Nd
EEthyl Parathion** 16 - Nd
Ethion 118 - Nd
Malathion** - Nd
Methyl Parathion** 25 - Nd
Pyrimiphos Methyl*** 21 - Nd
Triazophos* 45 - Nd
Triazines
Amethrin 419 - Nd
Atrazine 280 100a Nd Cannot be evaluated
Simazine 358 2a Nd Cannot be evaluated
Terbuthylazine 317 7a Nd Cannot be evaluated
Terbutryn 370 - Nd

* It is improbable to appear in drinking water.

** Occurs in drinking water at concentrations below those that are of health concern
*** Not recommended for use in the control of vectors in drinking water.

a: WHO, 2006

b : Canada, 2005
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Table 37 Spot samples of aminophosphate, bipyridyl and organophosphates in the sediment of the Garita Palmera wetland on January 13,

2021.
Contaminants Interpretation Sites Risk
LOQ (pg/L) Guideline values E8-E15 RQi (risk quotient)
(ug/kg)

Aminophosphonate
AMPA 53 280a Nd <1, there is no risk
Bipyridyls
Paraquat 12 30e detectado <L but lota::;:’nv:ffects are
rganochlorines
Aldrin 0.1 Nd
Dieldrin 0.12 0.72a Nd <1, there is no risk
Endrin 0.17 2.67b Nd <1, there is no risk
Endrin aldehyde 0.11 Nd
Endrin ketone 0.1 Nd
Endosulfan sulfate 0.13 - Nd
Heptachlor 0.04 Nd
Heptachlor epoxide 0.04 0.6b Nd <1, there is no risk
exachlorobenzene HCB 0.21 Nd
Methoxychlor 0.13 Nd
p, p -DDT 0.18 1.19a Nd <1, there is no risk
p.p'-DDD 0.08 1.22a Nd <1, there is no risk
p.p’-DDE 0.11 2.07a Nd <1, there is no risk
a-endosulfan 0.04 0.0096¢ Nd Cannot be evaluated
a-HCH 0.09 Nd
[-endosulfan 0.06 0.032c Nd Cannot be evaluated
B-HCH 0.19 Nd
y-HCH 0.23 0.32a Nd <1, there is no risk
0-HCH 0.05 Nd
Organophosphates
Chlorpyrifos 17.3 0.041c Na Cannot be evaluated
Diazinon 212 0.19¢ Na Cannot be evaluated
Dichlorvos 11.6 Na
Ethyl Parathion 15.5 Na
Ethion 357 Na
Malathion 24.8 Na
Methyl Parathion 104 0.052¢ Na Cannot be evaluated
Pyrimiphos Methyl 214 Na
Triazophos 45.1 Na
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Contaminantes Interpretacion Estaciones Riesgo
LOQ (ug/L) Guideline values Pozo E2, E3, E5 RQi (risk quotient)
(ng/kg)

Triazines

Amethrin Na
Atrazine 13c Na
Simazine Na
Terbuthylazine Na
Terbutryn Na

d: Predicted No Effect Concentration (PNEC): concentration with no expected effects (Bonansea et al., 2017).

a: Threshold Effect Concentrations (TEC) for the estuarine environment: below which no adverse effects are expected (MacDonald et al., 1996).
b: Consensus-based Threshold Effect Concentrations (TEC): below which no adverse effects are expected (MacDonald et al., 2000).
c: Threshold Effect Benchmark (TEB): define a concentration below which adverse effects are improbable. (Nowell et al., 2016).

e: Value estimated by applying a safety factor of 1,000 (EC, 2011) on the toxicological parameter of 10-day acute survival in the freshwater amphipod
Hyallela azteca (NOAC (no-observed adverse effect concentration): 30 mg/kg de dry weight) (US EPA, 2019).
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Table 38 Specific samples of organochlorines and organophosphates in fish of Garita Palmera wetland on January 13, 2021

Analytical performance Detection in fishes Risk

Contaminants LOQ (mg/kg) v::lt;:::i':e?(l:;l/a:;;' RQi (risk quotient)
Organochlorines
Aldrin 1.00E-04 Nd
Dieldrin 1.20E-04 2.06E-02 Nd <1, there is no risk
Endrin 1.70E-04 1.24E-01 Nd <1, there is no risk
Endrin aldehyde 1.10E-04 Nd
Endrin ketone 1.00E-04 Nd
Endosulfan sulfate 1.30E-04 2.47E+00 Nd <1, there is no risk
Heptachlor 4.00E-05 5.35E-03 Nd <1, there is no risk
Heptachlor epoxide 4.00E-05 Nd
Hexachlorobenzene HCB 2.10E-04 3.29E-01 Nd <1, there is no risk
Methoxychlor 1.30E-04 Nd
p.p -DDDT 1.80E-04 Nd
p.p’-DDDD 8.00E-05 Nd
p.p’-DDE 1.10E-04 Nd
Total DDT 3.70E-04 2.06E-01 <1, there is no risk
a-endosulfan 4.00E-05 Nd
a-HCH 9.00E-05 Nd
[-endosulfan 6.00E-05 Nd
p-HCH 1.90E-04 Nd
v-HCH 2.30E-04 1.24E-01 Nd <1, there is no risk
0-HCH 5.00E-05 Nd
Organophosphates 0.00E+00 Nd
Chlorpyrifos 1.73E-02 1.24E-01 Nd <1, there is no risk
Diazinon 2.12E-02 2.88E-01 Nd <1, there is no risk
Dichlorvos 1.16E-02 Nd
Ethyl Parathion 1.55E-02 Nd
Ethion 3.57E-02 2.06E-01 Nd <1, there is no risk
Malathion 2.48E-02 Nd
Methyl parathion 1.04E-02 Nd
Pirimiphos Methyl 2.14E-02 Nd
Triazophos 4.51E-02 Nd
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