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Environmental Exposure to Glyphosate and Risk
of Asthma in an Ecological Study

Environmental Exposure to Glyphosate and Asthma
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Highlights

*  Ecological study evaluating pesticide contamination in an Argentine farming town and measuring asthma prevalence

*  Determination of pesticide exposure burden and presence of pesticides in environmental matrices. Asthma prevalence was
measured with the same technique that the International Study on Asthma and Allergic Diseases in Children (ISAAC) assess
asthma in Argentine cities.

Results detect high contamination and environmental exposure to glyphosate, a herbicide that prevails over all other pesticides

*  The asthma prevalence is increased in all age groups,

*  In children aged 6-7 years it is 52.4% and in children aged 13-14 years it is 39.9% while the national prevalence is 13.6% for
ISAAC in Argentina

*  In children 13-14 years old exposed to glyphosate in this farmer town the asthma risk is OR: 4.64 (Cl: 3, 26 - 6.60).

Environmental exposure to glyphosate and risk of asthma

Asthma cases distribution and their relationship with environmental pollutants in the agricultural town of Argentina
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Results
higher prevalence near grain silos compared to other sectors of the town, OR: 1.43 (Cl: 1.18 - 1.72) in
children 13-14 years old.

With respect to cities not exposed to glyphosate, the risk of asthma is OR: 4.64 (CI: 3.26 - 6.60)
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Absiracts- There is strong evidence of the link between asthma
and occupational exposure to pesticides and even glyphosate
in agricultural workers, but it is limited on asthma and
environmental or residential exposure to these chemicals. This
research analyzes the prevalence of asthma in an agricultural
town with high use of pesticides, mainly glyphosate. Is an
ecological study conducted in Monte Maiz, Argentina,
composed of a chemical and environmental analysis to
determine the burden of exposure to glyphosate and
pesticides in general, and a cross-sectional asthma study that
uses the methodological criteria of the International Study of
Asthma and Allergies in Childhood (ISAAC); the prevalence’s
found in Monte Maiz are compared with the results of ISAAC in
Argentine cities with low exposure to pesticides. In Monte Maiz
area 975 tons of pesticides are sprayed (650 are glyphosate)
that are also stored inside the town. High and preponderant
levels of glyphosate were found in the soil and in corn husk
and soybean powder. The environmental exposure burden to
pesticides was 121 kilos, for glyphosate 81 kilos per person
per year, while this burden in the entire country is 7.9 and 6
kilos respectively. The prevalences of asthma found were
several times higher than those of reference in all ages, the
risk of asthma in children of 13 and 14 years old, with respect
to those of three large Argentine cities, refers to an OR of 4.64
(Cl: 3, 26 - 6.60). These results highlight a relationship
between environmental and residential exposure to pesticide,
glyphosate predominantly and high prevalence of asthma,
while experimental studies support the biological plausibility of
this association.

Keywords: asthma, environmental exposure, pesticides,
glyphosate, environmental health.

[. INTRODUCTION

sthma is the most commonly occurring chronic
childhood disease in the world (1,2). According to

the Global Asthma Report 2014 (GAR 2014), 14%
of the world's children and 8.6% of young adults
experience asthma (3). Childhood asthma is particularly
prevalent in Latin America, and the International Study
on Asthma and Allergic Diseases in Children (ISAAC)
has identified environmental contamination as a key
factor in the region's elevated rates of the disease (1).
The International Study of Asthma and Allergies in
Childhood (ISAAC) surveyed a representative sample of
798,685 adolescents aged 13-14 years in 233 centres in
97 countries between 2000 and 2003. In ISAAC these
adolescents were asked whether they had experienced
wheeze, a symptom that is commonly attributable to
asthma or use of bronchodilator aerosols.

Globally, too, exposure to environmental toxins
explains the rise in asthma rates (4,5). Epidemiological
studies reveal an association between pesticide
exposure and increased prevalence of asthmas, while
experimental testing has shown that certain pesticides
generate immunological imbalances characteristic of
asthma, fortifying the link between occupational
exposure to pesticides and asthma, especially in
farmers (6,7). However, there is a gap in knowledge with
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respect to asthma and residential environmental
exposure to pesticides, especially glyphosate.

In Argentina, asthma is a serious health
problem, causing more than 400 deaths and 15,000
hospitalizations annually (8,9). As elsewhere in South
America, rates of pesticide application have increased
dramatically in Argentina with the expansion of
transgenic crops since the mid 1990s (10,11).

Transgenic crops now cover an area of 25
million hectares in Argentina. In 2013, 318,000 tons of
pesticides were applied within the country's borders,
including 250,000 tons of glyphosate (11). Most of these
pesticides were applied in a region where about 12
million people reside. Concurrent with these changes,
doctors in the region report a shift in the morbidity and
mortality profile of rural populations (12). Along with
other conditions, wheezing and asthma are now
frequently detected.

Monte Maiz (Province of Cérdoba) is a town
located in the heart of Argentina's main agricultural
region where inhabitants have expressed concern about
an apparent increase in diseases that were previously
perceived as infrequent. A group of neighbors headed
by their Mayor requested an evaluation of the health
status of their local population from a research team at
the Division of Medical Sciences of the National
University of Cordoba (UNC).

In this context, a study was carried out in order
to determine if there had been an increase in the
prevalence of cancers, reproductive, endocrine and
immunological problems, and asthma linked to a greater
burden of exposure to pesticides. The objective was to
analyze the environmental exposure to pesticides as a
risk factor for the above-mentioned pathologies (and
determine if any particular pesticide is preponderant),
and to correlate environmental factors in order to
develop a causality hypothesis. The results of the
analysis of cancer and reproductive disorders have
already been published (13,14), while those of asthma
provide the basis for this article.

[I.  MATERIAL AND METHODS

This ecological study was designed to test for
possible correlation between residential exposure to
pesticides and the prevalence of asthma in Monte Maiz
by comparing local rates of disease with those
measured by ISAAC in Argentine cities with low or no
residential exposure to pesticides. The study comprises
both an analysis of chemicals in the environment, and a
cross-sectional study of asthma prevalence. The latter
was carried out via the administration of a populational
survey designed to georeference each datum acquired
utilizing census radii from the National Census Institute
(map in Figure 1).
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Figure 1: Figura 1 Map of Monte Maiz census radii by National Institute Census divide the town in nine sectors
outweighed demographically.

The presence or absence of asthma was
recorded not according to existing medical diagnosis,
but rather in accordance with ISAAC's previously
validated survey instrument (15). ISAAC's questionnaire
is based on questions such as whether the respondent
experienced wheezing in the last year, or use of
bronchodilator aerosols. This study's implementation of
ISAAC's survey instrument facilitates comparison
between the data generated elsewhere by ISAAC and
the data generated in Monte Maiz.

The environmental analysis reviewed and
georeferenced garbage dumps, industrial sites, grain
stockpiles, and pesticide deposits in each census
radius. Through the synthesis of information acquired
from interviews with key informants (agronomists,
farmers and pesticide applicators), pesticide application
rates were determined to calculate the burden of
exposure.

The burden of exposure was then verified by
measuring quantities of the most commonly used
pesticides in soil and volatile grain dust (from pulverized
grain husk). Sampling was carried out by researchers
from the Center for Environmental Research at the
National University of La Plata. Pretreatment and
analysis of the samples were carried out in accordance
with international regulations using mass spectrometry
and liquid chromatography (16, 17).

The study area was Monte Maiz, a town of
7,788 inhabitants, located at 33°12’south latitude and
62°36’ west longitude. The study population comprised
all inhabitants of Monte Malz, with a special focus on
children 6 and 7 years old, and 13 and 14 years old from
across the entire town. Children from these age groups
were analyzed against the control population: children
from those same age groups who live in three large
Argentine cities (Buenos Aires, Rosario and Cérdoba),
who were evaluated by ISAAC. The data from this study
has also been evaluated against the data on asthma
prevalence reported by the Argentine Society of
Pediatrics and Ministry of Health of the Nation (9).

In the statistical analysis, asthma was the
dependent variable. The independent variables were
sex, age, occupation, time living in the area of study,
smoking, premature birth, radius of residence within the
town, and education. Asthma prevalence rates were
generated by age groups. To investigate the relationship
between the variables, a multivariate study was carried
out using principal component analysis. The association
between asthma and independent variables was
analyzed by Pearson's bivariate correlation. Contingency
tables were created to measure the levels of risk in the
most significant correlations, both with a 95%
confidence interval. The INFOSTAT (UNC), SPSS and
EPIDAT (PAHO) programs were used. Environmental
and asthma maps were constructed using the Quantum
GIS 2.4 program.
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This study was conducted in accordance with
the Declaration of Helsinki and Law No. 9694 of the
Province of Cordoba, which regulates human health
research (19).The health surveys were carried out by
students and professors of the UNC's medical program,
and the environmental analysis was carried out by
members of the School of Geography. All the teams
worked simultaneously and the fieldwork was completed
in October 2014,

I1. RESULTS

a) Epidemiological Study

Every home in the town was visited by the
survey teams. In some homes there was no one to
answer and in 4.8% the inhabitants declined to respond
to the survey. Data were collected from 4,959 people,

some 62% of the population. Demographic composition
is represented in table 1.

The general asthma rate of the population was
16.2%. Among them 22% were smokers and 4.3%
reported a history of neonatal prematurity. The
prevalence in the 18 to 40 year-old group was 12.6%,
higher than that of the entire country (5.9%) according to
the National Asthma Prevalence Survey of 2015 (19),
with an OR: 2.32 (Cl: 1.79 — 3.01). In children aged 13
and 14, the prevalence was 39.9%, while in those aged
6-7 years it reached 52.4%.In three large Argentine
cities, ISAAC detected a prevalence of asthma of 13.6%
among children aged 13-14 (20). In Monte Maliz,
children of the same age group had a prevalence of
39.9%, with an OR of 4.64 (Cl: 3.26-6.60).

Table 1. Monte Maiz Population surveyed: Characteristics, absolute numbers and percentages

Characteristics

Magnitude

Number of individuals recorded
Male

Female

Average age of Population
People 0-15 years

People 216 years with complete primary education

People with health insurance

Percentage of people with =5 years residence time
Families of rural workers, farmers and agronomists

Smokers

4,959 (61.98%)

2361 (47.61%)

2597 (52.37%)

36.03 years

1175 (23.69%)
3313/3744 (88.49%)
3859 (78.01%)
4141/4328 (95.68%)

270 families, 970 persons
793/3780 (20,98%)

The principal components analysis positively
linked asthma with children, negatively with smokers,
and found no association with any particular
occupations. In Pearson's Bivariate Correlations there
was a positive spatial relationship with the inhabitants of
radii 16 and 17, but it had no bilateral significance with
people with direct participation in agricultural activity
(significance value: 0.295).

The probability of suffering asthma was higher
(OR: 1.43 [Cl: 1.18 - 1.72) for residents living near grain
storage sites in the south-southwest direction in radii 16
and 17. The asthma prevalence rate in children 6-7 and
13-14 years-old in those sectors were 53.3% and 42.8%
respectively, the highest among all the radii of the town.

b) Environmental analysis

The population of this region is concentrated in
the town of Monte Maiz, which has quality drinking water
and an adequate sewer network. Urban solid waste is
accumulated in an open-air dump located 800 meters
from the town, in which no occurrences of fire or
combustion have been reported for more than five
years. To the south of the town there are two
metallurgical factories which produce agricultural
equipment and use methane gas as fuel. Forests or
grasslands on the periphery of the town have been
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replaced by crops. These crop fields, which are in many
cases adjacent to homes, receive systematic
applications of pesticides.

The agricultural area of Monte Maiz comprises
65,000 hectares. Of these, 45,000 hectares are planted
with transgenic soybeans and 20,000 hectares with
transgenic corn (both glyphosate resistant). In the winter
season, 15,000 hectares of wheat are sown.
Agronomists and pesticide applicators interviewed
report that soybean and corn crops consumed 10 kg of
glyphosate and 5 kg of additional pesticides (including
atrazine, 2-4D, chlorpyrifos, endosulfan, cypermethrin,
and epoxiconazole) per hectare per year. As a whole,
the area of study consumes 975,000 kg of pesticides
annually, of which 650,000 kg are glyphosate. This
constitutes a general environmental burden of pesticide
exposure of 121 kg per person per year, and of
glyphosate in particular of 81 kg per person per year.
This environmental burden varies depending on
individuals' occupational or residential proximity to
agricultural activity. The national pesticide exposure
burden is 7.9 kg per person per year, and 6 kg of
glyphosate per year (see table 2).



Table n2 2

Pesticide and glyphosate utilization rates in Monte Maiz, hectares cultivated per year and
residential pesticide and glyphosate exposure burden per person per year

Pesticides utilization rates (everything)
glyphosate utilization rates

glyphosate resistant cultivated hectares
Total pesticides used per year

Total glyphosate used per year
Pesticide burden in Monte Maiz
Glyphosate burden in Monte Maiz
Total pesticides Argentina 2013

Total glyphosate in Argentina 2013
Pesticide burden in Argentina 2013

Glyphosate burden in Argentina 2013

15 kilos / ha/ year

10 kilos/ha/year

65.000 hectares

975.000 kilos

650.000 kilos

121 kilos /inhabitants /year
81 kilos /inhabitants/year
371.000.000 kilos
240.000.000 kilos

7,9 kilos por persona

6 kilos por persona

In Monte Maiz there are huge silos and grain
stores which release pulverized soy and corn into the
air. A predominantly northeast to southwest bearing
wind carries the dust towards radii 16 and 17(see
location in Figure 2). Chemical analyses confirmed the
high exposure estimated based on interview data.
Glyphosate and acido aminometilfosfénico (AMPA, its

metabolite) were detected in 100% of the soil and dust
samples. Glyphosate and AMPA concentrations
exceeded concentrations of other pesticides in all
samples, averaging concentrations of 505 and 607 ppb,
respectively, followed by chlorpyrifos (14 ppb) and
epoxiconazole (2.3 ppb) (see table 3).

Table 3: Measurements pesticides in environmental matrices, main findings

S: Site sampling | Glifosato | AMPA 24D Atrazina | Clorpirifos | Endosulfan| | Endosulfan |l | Cipermetrina | Epoxiconazol
S1 drinking

water network | < 2ppb | <2ppb <lppb | <0.5ppb DNC DNC DNC <0.005 pph <0,005 ppb
S5 C;‘;?l feld | 41ppb | 116ppb | <5ppb | 6.4ppb | 242 ppb <1,5ppb 2.2 ppb 58 ppb 3 ppb
S6 children's

playground soi 2792 ppb | 797 ppb S/ID SID 4.4 ppb < 1,5 pph <1,5ppb 4 ppb 3.4 ppb
S6 children's
playground
grain husks 505 ppb | 607 ppb S/D SID 14 ppb DNC <1,5ppb DNC 2.3ppb
from silos

Sdip%fnf;djf 3868 ppb | 3192 ppb | 128 ppb | 52.5ppb | 1504ppb | 175ppb 338 ppb 180 ppb 6.3 ppb

Reference S located sampling site (S 5, S6 and S8) in map of Figure 3. DNC: Detectable no quantifiable.
Center for Environmental Research, Faculty of Exact Sciences of National University of La Plata.

The samples of the site square no. 6 (see map
figure 2) contain 68 times more glyphosate than the soil
of a cornfield of site no. 5. Samples from site No. 8,
taken from the soil of the pedestrian path of a pesticide
deposit, is where the highest concentrations of all
pesticides were detected. As elsewhere, concentrations

of glyphosate (3868 ppb) and AMPA (3192 ppb) far
exceed concentrations of other pesticides, such as
endosulfan Il (338 ppb), and chlorpyrifos (242 ppb) (see
in table 3).
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Figure 2: Figure 2 Map of environmental factors pollution on Monte Maiz and main sampling site

IV.  DISCUSSION

In Monte Maiz, industrial pollution is minimal,
there has been no combustion of waste in the landfill in
the last 5 years, and a good standard of living prevails.
However, with the proliferation of transgenic crop
production since the mid 1990s, pesticide deposits have
multiplied in the area, now numbering twenty-two.

At least 975,000 kilos of pesticides per year are
applied in fields surrounding Monte Maiz, and
concentrations found inside the town were several times
higher than in the cultivated fields (see table 3),
reflecting the fact that the town is the operational base
for pesticide applications in the region.

We detected glyphosate in 100% of grain dust
samples and its concentration was 20 times higher than
other pesticides. Glyphosate was always found

Table n°4: Monte Maiz people with asthma symptoms,

coexisting with other pesticides, revealing that its
presence is not due to use in gardening.

Contamination with glyphosate in particular and
with pesticides in general is predominant in this
environment. The burden of residential exposure to
glyphosate is 13.5 times greater than the average
burden of the national population, and within the town
this burden seems to be even greater in radii 16 and 17
where the grain dust impregnated with glyphosate is
carried by the wind.

In GAR 2014, the global prevalence of asthma
for people 18-45 years-old is recorded at 8.6%, placing
Argentina slightly below average (3).However, 18-45
year-old residents of Monte Maiz experience an asthma
rate more than double that.

n of cases, prevalences and Argentine prevalences

Disease type asthma n of cases / n surveyed

Monte Maiz prevalence Argentine prevalen:

| all surveyed 803 /4957
Smoker >16 years old 122 /531
History of prematurity 35/803
In 18 - 40 years old 233/1853
Children of 13 and 14 years old 5717143
Children of 6 and 7 years old 86 /164

16,2%

22% 75% in Argentina
4,3%

12,6% 5.9% Msal **
39,9% 12.5% (ISAAC)**
52,4% 16.4% (SAP)*+

* Bibliographic reference 23; ** Bibliographic reference 19, *** Bibliographic reference 21, **** Bibliographic reference 22.
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Using a methodology identical to that employed
in this study (21), ISAAC reports an asthma prevalence
of 13.6% for children aged 13-14 years (20). The most
recent publication of the Argentine Society of Pediatrics
recognizes a national prevalence of 16.4% in children
aged 6-7 years and 10.9% in those aged 13-14 years
(9). Among the 307 children surveyed in Monte Maiz the
prevalence of asthma is three times higher (52.4% and
39.9% for the 6-7 year-old group and 13-14 year-old
group respectively)(see Table 4).

Confounding variables such as smoking and
premature birth were not linked to asthma in any of the
statistical methods applied. For example, smoking was
present in 22% of the residents of Monte Maiz who use
bronchodilators, but in up to 75% in studies of asthma
and wheezing in the city of Buenos Aires (22). In Monte
Maiz, the inhabitants directly linked to agriculture no
correlation with asthma arose, and the affected
inhabitants were residential reflecting environmental
exposure and no occupational exposure.

The high prevalence of asthma in this
population with heavy exposure to glyphosate and other
pesticides is consistent with the strong link between
pesticides and asthma (23,24) including recent studies
which  specifically link glyphosate with asthma
(25,26).The cluster of asthma symptoms in sectors R16
and R17, which both receive wind that sheds
glyphosate-laden grain dust from silos, suggests a
dose-response relationship. These data are congruent
with local studies that found a prevalence of wheezing
and rhinitis in 49% of people living near the silos (27).

The cause of asthma appears to be a
combination of genetic predisposition with infections
and / or environmental exposure to inhaled substances
and particles (4,5). A cohort study in children with
residential exposure to organophosphate pesticides
found that they damage lung function as much or more
than cigarette smoke (28). In the Children’s Health
Study, early exposure to herbicides increased the risk of
asthma 4.5 times (29) and a recent ecological study of
organic farms vs. conventional farms (those using
pesticides) found more wheezing in children living on or
near conventional farms (30).

Low molecular weight chemicals, such as
herbicides, can induce occupational asthma (31).
According to Jarvis' SAR (structure-activity relationship)
model, the glyphosate risk index is 0.6257, which
supports its potential to induce asthmatic symptoms
(32).

Experimental studies on the effects of inhalation
of glyphosate in rats indicated that it caused wheezing,
reduced ciliary activity, and produced thick nasal
secretion even at low levels of exposure, according to
studies dating back more than 20 years, before its
current levels of heavy use (33,34). More recently Kumar
et al. demonstrated that rats exposed to glyphosate-rich

air samples (collected on farms or air with added
glyphosate) display increased eosinophil and neutrophil
counts, mast cell degranulation, and interleukin
production in their airways, confirming the role of
glyphosate in the pathogenesis of asthma (35).

In short, previous studies provide plausibility to
the findings of this study: a high prevalence of asthma in
a population environmentally exposed to glyphosate.
The weakness of this study is its observational and
ecological design, which is insufficient to make
categorical causal statements. Nor can it rule out the
ecological fallacy. Finally, data from the control
population were taken in 2003 and those of Monte Maiz
in 2014, although ISAAC phase Ill did not find significant
differences between phase | and phase Il also made 10
years later (36).

ISSAC showed wide variability in global asthma
rates and in Latin America the range was between 8.6
and 32.1% in children aged 6-7 years or between 6.6
and 27% in those aged 13-14 years (20), but in Monte
Maiz it reached 39.9% and 52.4% respectively. Overall,
compared to the Argentine cities studied by ISAAC, the
data from Monte Maiz express a risk more than 4 times
greater (OR: 4.64 with Cl of 3.26 - 6.60), which indicates
an ecological factor beyond any natural variability of the
population.

V. (CONCLUSION

The findings suggest a link between
environmental exposure to glyphosate, and to a lesser
extent, other pesticides, with high asthma prevalence.
This population-environmental study demonstrates the
co-occurrence of asthma and environmental exposure
to glyphosate, while experimental studies support the
plausibility of this association.

Conflict of interest:
The authors declare they have no actual or
potential competing financial interests.

ACKNOWLEDGEMENTS

To SUMA 400 Program, Secretary of University
Extension from UNC that made it possible to travel with
a team of 70 people to Monte Maiz. To the Municipality
of Monte Malz, that facilitated the stay of our team
during the 5-day field work. To the professors and
students of Medicine and Geography from UN), to the
professors and students of Chemistry from the Faculty
of Naturals and Exact Sciences of National University of
La Plata, that conducted the chemical field work at
Monte Maiz. and to PhD Ingrid Feneey who carried out
the translation of the Spanish original to English.

© 2021 Global Journals

E Year 2021

(F)



E Year 2021

(F)

—

10.

11.

BIBLIOGRAPHY

J. Mallol, J. Crane, E. von Mutius, J. Odhiambo, U.
Keil, A. Stewart. The International Study of Asthma
and Allergies in Childhood (ISAAC) Phase Three: A
global synthesis, Allergologia et Immunopathologia,
Volume 41, Issue 2, 2013, Pages 73-85

Ellwood P, Asher MI, Billo NE, Bissell K, Chiang Ch,
Ellwood EM, Et al. The Global Asthma Network
rationale and methods for Phase | global
surveillance: prevalence, severity, management and
risk factors. European Respiratory Journal Jan 2017,
49 (1).

The Global Asthma Network. The Global Asthma
Report 2014: Global Burden of Disease Due to
Asthma.[consultado Feb 2019.] Disponible en:
http://www.globalasthmareport.org/2014/burden/bur
den.php

World Health Organization. Media Centre: Bronchial
asthma. Fact sheet N°206. 31 August 2017.
[consultado Feb 2019.] Disponible en: https://
www.who.int/mediacentre/factsheets/fs206/en/

Ye M, Beach J, Martin JW, Senthilselvan A,
Occupational pesticide exposures and respiratory
health. Int J Environ Res Public Health.
2013;10(12):6442-71.

Crinnion WJ. Do environmental toxicants contribute
to allergy and asthma? Altern Med Rev. 2012 Mar;
17(1):6-18.

Comité Nacional de Neumonologia; Comité
Nacional de Alergia; Comité Nacional de Medicina
Interna; et al. Guia de diagnostico y tratamiento:
asma bronquial en nifos> 6 anos. Actualizacion
2016. Resumen ejecutivo. Arch Argent Pediatr
2016;114(6):595-6.

Lopez G. (2010). La Agricultura Argentina al 2020,
Fundacion producir conservando. [consultado Feb
2019.] Disponible en:https://www.ucema.edu.ar/
conferencias/download/2010/20.08. pdf

REDUAS. 2013. The use of toxic agrochemicals in
Argentina is continuously increasing; Analysis of
data from the pesticide market in Argentina.
[consultado Feb 2019.] Disponible en: http://www.
reduas.com.ar/the-use-of-toxic-agrochemicals-in-
argentina-is-continuously-increasing/

Avila-Vazquez M, Nota C. (2010) Report from the 1°
NATIONAL MEETING OF PHYSICIANS IN THE
CROP-SPRAYED TOWNS. Faculty of Medical
Sciences, National University of Cordoba.
[consultado  Feb  2019] Disponible  en:
http://www.reduas.com.ar/wp-content/uploads/
downloads/2011/10/INGLES-Report-from-the-1st-
National-Meeting-Of-Physicians-In-The-Crop-
Sprayed-Towns.pdf

Avila-Vazquez, M., Maturano, E., Etchegoyen, A,
Difilippo, F.S. and Maclean, B. (2017) Association
between Cancer and Environmental Exposure to

© 2021 Global Journals

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Glyphosate. International  Journal of  Clinical
Medicine, 8, 73-85. doi: 10.4236/ijcm.2017.82007.
Avila-Vazquez, M., Difilippo, F., Lean, B., Maturano,
E. and Etchegoyen, A. (2018) Environmental
Exposure to Glyphosate and Reproductive Health
Impacts in Agricultural Population of Argentina.
Journal of Environmental Protection, 9, 241-253. doi:
10.4236/jep.2018.93016,

Asher MI, Keil U, Anderson HR, Beasley R, Crane J,
Martinez F, et al. International Study of Asthma and
Allergies in Childhood (ISAAC): rationale and
methods. Eur Respir J. 1995 Mar; 8(3):483-91.
Scribner, E.A., Battaglin, W.A., Gilliom, R.J. and
Meyer, M.T. Concentrations of Glyphosate, Its
Degradation  Product, Aminomethylphosphonic
Acid, and Glufosinate in Ground- and Surface-
Water, Rainfall, and Soil Samples Collected in the
United States, 2001-06: US Geological Survey.
Scientific Investigations Report 2007-5122, 111 p.
American Public Health Association (APHA) (2012)

American Water Works Association (AWWA) &
Water Environment Federation (WEF). Standard
Methods for the Examination of Water &

Wastewater, 22nd Edition

Municipalidad de Monte Maiz (2015) Informacion
General. [consultado Feb 2016.] Disponible en:
http://www.montemaiz.gob.ar/index.php?pageid=6
8

Ley 9694 (2009) Provincia de Cérdoba. Sistema de
Evaluacién, Registro y Fiscalizacion de las
Investigaciones en Salud. [consultado Feb 2019.]
Disponible en: https://www.unrc.edu.ar/unrc/coedi/
docs/salud/sal_coeis_ley9694.pdf

Arias SJ, Neffen H, Bossio JC, Calabrese CA, Videla
AJ, Armando GA, Et al. Prevalence and Features of
Asthma in Young Adults in Urban Areas of
Argentina. Arch Bronconeumol. 2018 Mar;54(3):134-
139. doi: 10.1016/j.arbres.2017.08.021. Epub 2017
Nov 3.

Mallol J, Solé D, Baeza-Bacab M, Aguirre-
Camposano V, Soto-Quiros M, Baena-Cagnani C,
and Grupo latinoamericano ISAAC. Regional
Variation in Asthma Symptom Prevalence in Latin
American Children. J asma Agosto 2010; 47 (6):
644-50.

Innes Asher M, Montefort S, Bjorkstén B, Lai CKW,
Strachan DP, Weiland SK, et al.,, and the ISAAC
Phase Three Study Group. Worldwide time trends in
the prevalence of symptoms of asthma, allergic
rhinoconjunctivitis, and eczema in childhood: ISAAC
Phases One and Three repeat multicountry cross-
sectional surveys. Lancet 2006; 368: 733-43
Giubergia V, Ramirez Farlas MJ, Pérez V, et al.
Asma grave en pediatria: resultados de la
implementacion de un protocolo especial de
atencion. Arch Argent Pediatr 2018;116(2):105-111



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Yanez A, Neffen H, Reyes MS, Martinez VA,
Maspero IE, Prevalencia de asma en adultos en la
ciudad de Buenos Aires y Gran Buenos Aires.
Fundacion CIDEA, Centro de Estudio nueva
mayoria. AAIC 2002; 33 (supl 1): 529

Hernandez AF, Parréon T, Alarcén R. Pesticides and
asthma. CurrOpin Allergy Clin  Immunol. 2011
Apr;11(2):90-6

Sanborn M. Bassil K. Vakil C. Kerr K. Systematic
Review of Pesticide Health Effects. Department of
Family Medicine, McMaster University. Ontario
College of Family Physicians. 2012. [consultado
Feb 2019.] Disponible en: https://ocfp.on.ca/
docs/pesticides-paper/2012-systematic-review-of-
pesticide.pdf

Patel O, Syamlal G, Henneberger PK, Alarcon WA,
Mazurek JM. Pesticide use, allergic rhinitis, and
asthma among US farm operators. J Agromedicine.
2018; 23(4):327-335.

Hoppin JA, Umbach DM, Long S, et al. Pesticides
are Associated with Allergic and Non-Allergic
Wheeze among Male Farmers. Environ Health
Perspect. 2016; 125(4):535-543.

Lerda D. Bardaji M. Demarchi V. Vila O.
Contaminaciéon del aire por silos, su incidencia
sobre la salud, una problematica regional. Arch
Alergia Inmunol Clin 2001; 32:2:52-56. [consultado
Feb  2019.] Disponible  en: http://www.
ingenieroambiental.com/newinformes/contaminacio
ndelairealergia.pdf

Raanan R, Balmes JR, Harley KG, Gunier RB,
Magzamen S, Bradman A, Et al.Decreased lung
function in 7-year-old children with early-life
organophosphate exposure. Thorax. 2016 Feb;
71(2):148-53. doi: 10.1136/thoraxjnl-2014-206622.
Epub 2015 Dec 3.

Salam MT, Li YF, Langholz B, Gillland FD;
Children's Health Study. Early-life environmental risk
factors for asthma: findings from the Children's
Health Study. Environ Health Perspect. 2004
May;112(6):760-5.

Kudagammana ST, Mohotti K. Environmental
exposure to agrochemicals and allergic diseases in
preschool children in high grown tea plantations of
Sri Lanka. Allergy Asthma Clin Immunol. 2018 Dec
4:14:84. doi: 10.1186/s13223-018-0308-z.
Henneberger PK, Liang X, London SJ, Umbach DM,
Sandler DP, Hoppin JA. Exacerbation of symptoms
in agricultural pesticide applicators with asthma. Int.
Arch. Occup. Environ. Health. 2014; 87:423-432.
Jarvis J, Seed MJ, Elton R, Sawyer L, Agius R.
Relationship between chemical structure and the
occupational asthma hazard of low molecular
weight organic compounds. Occup Environ Med.
2005; 62:243-250

33.

34.

35.

36.

37.

US EPA. Office of Pesticides and Toxic Substances.
Memo from William Dykstra, Toxicology Branch, to
Robert Taylor, Registration Division. 1982.

Martinez TT, Long WC, Hiller R. Comparison of the
toxicology of the herbicide roundup by oral and
pulmonary routes of exposure. Proc. West
Pharmacol. Soc. 1990; 33:193-197.

Kumar S, Khodoun M, Kettleson EM, McKnight C,
Reponen T, Grinshpun SA, et al. glyphosate-rich air
samples induce IL-33, TSLP and generate IL-13
dependent airway inflammation. Toxicology. 2014
Nov 5; 325:42-51. doi: 10.1016/j.tox.2014.08.008.
Epub 2014 Aug 27

Chong-Neto HJ, Rosario NA, Solé D, Latin American
ISAAC Group. Asthma and rhinitis in South America:
how different they are from other parts of the world.
Allergy Asthma Immunol Res 2012; 4(2):62-67.
Kuschnir FC, Gurgel RQ, Solé D, Costa E, Felix MM,
de Oliveira CL, et al. ERICA: prevalence of asthma
in Brazilian adolescents. Rev Saude Publica. 2016
Feb;50 Suppl 1:13s. doi: 10.1590/S01518-
8787.2016050006682. Epub 2016 Feb 23.

© 2021 Global Journals

E Year 2021

(F)


http://www.globalasthmareport.org/2014/�
http://www.globalasthmareport.org/2014/�
http://www.globalasthmareport.org/2014/�
https://www.who.int/news-room/fact-sheets/detail/asthma�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crinnion%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=22502619�
https://www.ncbi.nlm.nih.gov/pubmed/22502619/�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asher%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keil%20U%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beasley%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crane%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20F%5BAuthor%5D&cauthor=true&cauthor_uid=7789502�
https://www.ncbi.nlm.nih.gov/pubmed/7789502�

	Environmental Exposure to Glyphosate and Risk of Asthma in an Ecological Study
	Authors
	Keywords
	I. Introduction
	II. Material and Methods
	III. Results
	a) Epidemiological Study
	b) Environmental analysis

	IV. Discussion
	V. Conclusion
	Acknowledgements
	Bibliography



