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Abstract

Background: Argentina, Brazil, Paraguay and Uruguay farm transgenic seeds
glyphosate resistant. Argentina annually utilizes 240,000 tonnes of glyphosate
in agriculture. A change in the profile of morbidity and mortality is perceived
in agricultural areas; cancer seems to prevail. Monte Maiz is a typical argen-
tine agricultural town with 8000 inhabitants; the Mayor and residents of Monte
Maiz requested an environmental health study due to perceived increase in
cancer frequencies. Methods: An exploratory ecological study was developed
to assess the urban environmental contamination and the frequencies and
distribution of cancer through an environmental analysis of pollution sources
including measurements of pesticides in water, soil and grain dust, and a
cross-sectional study of cancer patients that explore associations with different
variables. Results: Glyphosate was detected in soil and grain dust and was
found to be at an even higher concentration in the village soil than in the rural
area. 650 tonnes are used annually in the region and manipulated inner town.
We do not find other relevant sources of pollution. Cancer incidence, preva-
lence, and mortality are between two and three times higher than the refer-
ence values (Globocan 2012, WHO) for the entire nation (706/100,000 per-
sons vs. 217/100,000; 2123/100,000 persons vs. 883.82/100,000 and 383/100,000
persons vs. 115.13/100,000, respectively). Conclusion: This study detects high
glyphosate pollution in association with increased frequencies of cancer in a
typical argentine agricultural village, and by design, cannot make claims of
causality. Other study designs are required, but if we corroborate the concres-
cence of high exposure to glyphosate and cancer.
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1. Background

In 1996, Argentina began to grow genetically modified (GM) seeds, and used
currently 25 million hectares where 12 million people live; these crops have gen-
erated a substantial increase in the pesticide consumption. In 2013, Argentina
sprayed 240,000 tons of Glyphosate [1] [2]. A change in the profile of morbidity
and mortality is perceived for physicians of agricultural areas; now cancer seems
to prevail [3]. Epidemiological and experimental researchers suggest a positive
association between glyphosate and cancer, as recently reported by the Interna-
tional Agency for Research on Cancer (IARC)-World Health Organization [4].

The town Monte Maiz (Union District in Province of Cordoba) lies at the
heart of Argentina’s agricultural area, a region of greater agricultural productiv-
ity in the country, where soy, maize, and wheat are grown, and is in the center of
the country. In recent years, local governmental authorities along with local res-
idents and doctors were worried about an increase apparent in the number of
people suffering from diseases like cancer and thus requested an assessment of
health status to the Faculty of Medical Sciences, National University of Cordoba
(UNC). The community had conducted a health census in 2007 (unpublished),
carried out by teachers and other volunteers, in which high rates of cancer were
identified. Also, the Provincial Tumors Registry of the Province of Cordoba
(RPT) reported that Union District has a higher cancer mortality rate than that
recorded in Cordoba City [5]; nevertheless, there are few epidemiological studies
on the environmental health of rural populations in Argentina and very little has
been published to date.

The objective of this study of the Monte Maiz environmental contamination
recorded mainly, the presence of glyphosate and other pesticides and checked
whether the incidence, prevalence, and mortality of cancer were increased. It was

our goal to verify concurrence of glyphosate exposure and cancer.

2. Material and Methods

An exploratory ecological study on cancer and environmental pollution was
performed. Consisting on the one hand of an epidemiological study (a cross-
sectional study) with a household survey of health orientation of the whole pop-
ulation (population survey), designed to geo-reference each record in the village
with use of nine ratios census (R) by National Institute Census that divide the
town into nine sectors outweighed demographically as seen in the map of Figure
1. Through the household survey, we checked cancer prevalence (living residents
diagnosed in the last 5 years with oncological disease in any location), cancer in-
cidence 2014 (new cases diagnosed last year) and cancer mortality (deaths
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Figure 1. Map of the Census Radius of Monte Maiz by National Institute Census di-
vides the town into nine sectors outweighed demographically, from in number 9 to
number 18.

from cancer in the last year and the past 5 years), for criteria of Globocan 2012
[6], these three were dependent variables, while sex, age, occupation, stay in the
village, smoke, ratio census residence, educational level and the presence of en-
vironmental contaminants were the independent variables.

On the other hand, an environmental analysis recording sources of contami-
nation such as landfills, cell site (cell tower), electric power transformers, indus-
trial sites, stockpiles of grains, storehouses of pesticides, and spraying machines.
We interviewed community and government stakeholders, business owners, city
officials, teachers, farmers and workers that sprayed pesticides, in order to rec-
ognize the performance of industries, local public services, and agribusiness
(drinking water, sewer management, household waste, industries pollutions,
routines and doses of pesticides use).

Samples of environmental matrices (water, soil, grain husks) were collected
and analyzed by the Center for Environmental Research, Faculty of Exact
Sciences of National University of La Plata, which selected twelve internal and
peripheral sites in the town to examine the presence of glyphosate, its metabolite
aminomethylphosphonic acid (AMPA), and currently used pesticides (chlorpy-
rifos, endosulfan, atrazine, 2.4D, and epoxiconazole). Both pretreatment and
analysis of pesticides were performed under international regulations using liq-
uid chromatography-mass spectrometry [7] [8]. A dosage of arsenic (As) was
conducted in domestic water network using hydride generation atomic absorp-
tion spectrometry.

The study area was Monte Maiz, a town located on Provincial Route N°11/,
33°12' South latitude and 62°36' West longitude of Greenwich, at a height above
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sea level of 114 metres; the town is 113 years old and has 7788 inhabitants (8045
including residents of surrounding rural areas). Agriculture is the main eco-
nomic activity with complementary metalworking industry that is located on the

Southern edge of the town [9].

2.1. Statistical Analysis

Crude rates were obtained through a database and numerical matrix. The inci-
dence rate was age adjusted to the structure of the population of Cordoba city by
the indirect method. A bivariate correlation Pearson analysis conducted to assess
the association of cancer with independent variables, included the spatial distri-
bution according to ratios census in which the town was divided (R09-R18). We
built maps for cancer and pollution sources using Quantum GIS 2.4 software
and created contingency tables to perform relational measurements between
exposure and disease. For this end, the following software was used: INFOSTAT
(UNC), SPSS, and EPIDAT (PAHO). Rates of cancer incidence, cancer preva-
lence and cancer mortality of Monte Maiz were compared with the same rates
for Cordoba city (reference big city in the province), for the whole province and
for the entire country, according to RPT [5], the National Health Ministry [10]
and Globocan 2012 [6].

2.2. Study Conduct

Physicians or medical students carried out the fieldwork during October 2014;
all health surveys were conducted by final year medicine students of UNC and
medical professors. The study was conducted in accordance with the Declaration
of Helsinki and under the framework of Act 9694 Article 2 of the Province of
Cordoba in accordance with the law regulating health research and was ap-
proved by the Bioethics Committee established by this law for observational stu-

dies [11]. All surveys were performed after obtaining informed consent.

3. Results
3.1. Environmental Analysis

In Monte Maiz the electrical network is powered by medium-voltage power dis-
tributed in the urban area, with substations of 33 kV to 380 w, no high voltage.
Has a sewer system with a domestic collection network reaching every home;
solid urban waste is collected by a municipal service that has a Solid Waste plant.
Their hinterland has soybeans on 45,000 ha and maize on 20,000 ha which are
main summer crops and wheat on 15,000 ha as a winter crop. We identified an
open landfill, 800 meters northeast of the town’s limit, with no evidence of fire
in the last 5 years. There is an absence of forestry across the periphery of the
town, which is replaced by soybean and maize crops, starting at the immediate
edge of houses. These crops are frequently treated, with pesticide, by ground
equipment and crop dusters. At the southwest of Monte Maiz, we found two li-
vestock breeding farms, and, on the west side, a flood zone, with ponds, a park,

and a sewage treatment plant between the crop fields.
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There are two farm equipment industries, located at the southern tip of the
town; these factories use methane gas as a source of energy. The sources of elec-
tromagnetic radiation were two cellphone towers, located in R9 and R12 which
are highlighted on the map of pollution factors on Monte Maiz in Figure 2
(there are two other towers located outside of the urban area). The population of
Monte Maiz receives drinking water of very good quality, drinkable and arsen-
ic-free. Within the inhabited village, there are silos of cereal from where soy and
corn husks are released (grain dust) shown on the map in Figure 2 and were
identified twenty-two deposits for spraying machines and pesticide containers
used in the region.

Local agronomists and agrochemical applicators report that in Monte Maiz
GM soybean and corn crops use 10 kilograms of glyphosate per ha per year. Six
hundred and fifty tonnes of glyphosate are aerosolized in the area, creating a
general burden of environmental exposure to glyphosate of 79 kg per person per
year, which varies for agricultural or non-agricultural activity and for spatial
distribution of glyphosate. This region utilizes 975 t of all pesticides each year.

Chemical contaminants test: Herbicide glyphosate and AMPA was detected in
100% samples of soil and husk. In grain husks from silos, glyphosate and AMPA
prevailed (505 and 607 ppb), followed by chlorpyrifos (14 ppb) and epoxicona-
zole (2.3 ppb) as shown in Table 1. Sampling site N°6 (map in Figure 2), be-
longing to a children’s playground, contained 68 times more glyphosate than site
N°5, belonging to a farm field of corn resistant to glyphosate. Similarly, site N°8§,
where the soil sample was taken from the sidewalk next to pesticides deposits,
had the highest concentration of glyphosate (3868 ppb), AMPA (3192 ppb), and

other pesticides.

Map 2: Monte Maiz
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Figure 2. Map of environmental factors of pollution on Monte Maiz and main sampling
site.
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Table 1. Measurements pesticides in environmental matrices, main findings. Reference S located sampling site (S5, S6 and S8) in
map of Figure 2. DNC: Detectable no quantifiable. Center for Environmental Research, Faculty of Exact Sciences of National

University of La Plata.

S: Site sampling

Glifosato

24D Atrazina Clorpirifos EndosulfanI Endosulfan II Cipermetrina Epoxiconazol

S1 drinking
water network

S5 crop field soil
S6 children’s
playground soil

S6 children’
playground grain
husks from silos

S8 pesticides
deposits soil

<2 ppb

41 ppb

2792 ppb

505 ppb

3868 ppb

<1 ppb <0.5ppb DNC DNC DNC <0.005 ppb <0.005 ppb
116 ppb <5ppb 6.4ppb 242 ppb <1.5 ppb 2.2 ppb 58 ppb 3 ppb
797 ppb  S/D S/D 4.4 ppb <1.5 ppb <1.5 ppb 4 ppb 3.4 ppb
607 ppb  S/D S/D 14 ppb DNC <1.5 ppb DNC 2.3 ppb
3192 ppb 128 ppb 52.5ppb  150.4 ppb 17.5 ppb 338 ppb 180 ppb 6.3 ppb

Glyphosate also had the highest concentrations among all the matrices studied
(3868 ppb), exceeding by far the other pesticides: endosulfan II (337.7 ppb) and
chlorpyrifos (242 ppb) (see Table 1). There were minimal concentrations of pes-
ticides in drinking water, also, the arsenic in drinking water was less than 5 ppb.

3.2. Epidemiological Analysis

Overall, 92% households were visited, 4.8% corresponds to households that re-
fused to answer the survey. Some houses were uninhabited at the time of the vis-
it. The information was collected from 4859 people (62% of the population), its
characteristics are available in Table 2.

The crude cancer incidence rate 2014 was 706/100,000 persons (n: 35/4954),
and age-adjusted rates (indirect method) was 980/100,000 (CIL: 655-1305) for
Monte Maiz, in Cordoba city (used as reference population) this rate was 469/
100,000 confidence interval (CI): 453-484 and. The crude prevalence rate was
2123/100,000 persons (n: 104/4898).

The most common locations of cancer was found in breast 29% (n: 30/104),
colon 10% (n; 11/104), prostate 8% (n: 9/104), thyroid 8% (n: 8/104), and skin
7% (n: 7/104). In relation to the age of patients, 22% of patients with cancer of
Monte Maiz have less than 44 years old age.

The 2014 cancer mortality rate was 383/100,000 persons. Between 2010 and
2014, there were 68 confirmed cancer deaths (rate: 274/100,000). According to
death certificates in 2013 and 2014, cancer deaths made up 39% and 34% of all
deaths (Table 3).

Pearson correlation showed a link between cancer prevalence and R15 (people
living in census radius n°15) and cancer incidence with groups who engage in
agricultural activities. Odds ratio (OR) for the prevalence of cancer in R15 was
2.15 (CI: 1.35 - 3.42) p=0.0009, and incidence of cancer in agricultural families
was 3.5 (CI: 1.45 - 8.58) p = 0.002. Smoking showed no relationship with cancer

incidence or prevalence in Monte Maiz.
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Table 2. Monte Maiz population surveyed: characteristics, absolute numbers and percen-

tages
Characteristics Magnitude
Number of individuals recorded 4959 (61.98% of population total)
Male 2361 (47.61%)
Female 2597 (52.37%)
Average age of Population 36.03 years
People 0 - 15 years 1175 (23.69%)
People 216 years with complete primary education 3313/3744 (88.49%)
People with health insurance 3859 (78.01%)
Percentage of people with >5 years residence time 4141/4328 (95.68%)
Families of rural workers, farmers and agronomists 270 families (970 people)
Smokers 793/3780 (20.98%)

Table 3. Cancer data summary and its comparison to reference data.

Monte Maiz Reference
Crude Cancer Incidence Rate 2014 706/100,000 259.4/100,000 Cordoba City*
Crude Cancer Incidence Rate 2014 706/100,000 217/100,000 Argentina 2012**
Indirect Adjustment 980/100,000 .
Cancer Incidence Rate (CI: 655 - 305) 469/100,000 Cordoba City
New cases per year (incidence) 35 cases/year 13.9 cases/year Cordoba (RPT)*
Cancer Prevalence Rate 2123/100,000 884/100,000 Argentina 2012**
Cancer patients < 44 years (percent) 22% 11%*
Relative Risk of cancer < 44 years 1.88 (CI: 1.31 - 2.70) 1 Province of Cordoba
Cancer Mortality Rate/100,000 383 year 2014 128 Cordoba City Year 2009*
Average Cancer Mortality Rate 5 years 274/100 000 135 Cordoba City*
Cancer Mortality 2013 (percent) 38.7% (2013) 20% Coérdoba City (2010)***
Cancer Mortality 2014 (percent) 33.9% (2014) 20% Cordoba City (2010)***

*Data source: Provincial Tumors Registry of the Province of Cordoba (RPT); **Data source: Globocan
2012, International Agency for Research on Cancer (IARC)-World Health Organization; ***Data source:
Estadisticas vitales. Ministerio de Salud. Provincia de Cérdoba

4. Discussion

Seeds that are genetically manipulated to contain a transgene have the ability to
survive in saturated environments with glyphosate, an herbicide used to eradi-
cate other plants. Glyphosate interferes with the vital metabolism of plants, but
not with transgenic plants for which an alternative metabolic pathway was gen-
erated through bioengineering. Since 1996, when GM soy was introduced in Ar-
gentina, its use has continued to expand due to the high profit generated by its
commercialization and easy harvest [12], as the extension of this crop increases,
so does the use of glyphosate. Currently, Argentina is using 240,000 tonnes of

glyphosate per year. This has increased year-on-year as a consequence of herbi-
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cide-resistant weeds requiring higher doses of glyphosate and the combined use
of other herbicides as 2.4D, atrazine, etc. [13]. This increase has resulted in 5 kg
of glyphosate per person per year as potential exposure burden for all inhabi-
tants of the country, greater in agricultural areas.

Monte Maiz shows the effects of this agricultural model, as is a production
boom in the region, a high standard of living among its population, and the re-
location of local farmers in the village; these farmers left rural areas and moved
with their families work equipment and supplies. Deposits of agricultural equip-
ment are multiplying inside the village (twenty-two in total), the largest deposits
in town are in R15, and are five pesticide storage sites. A total of 650 tonnes of
glyphosate per year is concentrated, manipulated and has surrounded the town,
which now faces fields that are sprayed daily. Glyphosate was found in 100% of
soil and husk dust samples. The concentration was 10 times higher than that of
other pesticides. This demonstrates that, of all pesticides that pollute the envi-
ronment, glyphosate is the most prevalent. Concentrations found in inner town
are several times higher than in the soil in cultivated fields (see Table 1), reaf-
firming the impression that the town is at the operational center of the sprayed
area. Glyphosate is also high in grain dust, it is also accompanied by other pesti-
cides which rule their presence inside the village due to their use in gardening.

In metalwork factories, no significant pollution was found. The density per
km? of the source of electromagnetic radiation such as cell site, high voltage
power lines, and electrical voltage transformers is low compared with source
electromagnetic radiation density in big cities, which minimizes the value of this
pollution. Nueva Cordoba, a neighborhood of Cordoba city, which is located on
the same surface as Monte Maiz with a larger population, has nine cell sites,
while there are only two towers in Monte Maiz [14], although, a weakness of the
study is the lack of electromagnetic radiation direct measurements.

Moreover, household garbage management, sewage, and contaminant-free
water (for 16 years now) remove these contaminating factors from the observed
pathologies. Thus, pollution with glyphosate and to a lesser extent with other
pesticides is the predominant factor in the environmental contamination analy-
sis of Monte Maiz.

The Monte Maiz 2014 crude cancer incidence rate is 276% higher than Cor-
doba city 2009 for RPT in last published data [5]; GLOBOCAN 2012 [6] and
Health Ministry [10] estimated for Argentina an incidence 317% lower than in
Monte Maiz (Table 3). RPT estimates 9,000 new cancer cases per year for the
entire province; in the observed population, there should be 13.9 new cases in
2014, for IARC’s references, the annual figure should not exceed 11 cases, how-
ever there are 35 cases in 2014. RPT data is generated from oncologist and pa-
thologist reports and state statistics offices; there may be underreporting of cas-
es. By contrast, our data may be biased due to the fact that they are self-refe-
renced, and while this is a limiting factor for any study of disease through sur-
veys, it is unlikely in some less prevalent pathology where, on the contrary, the

most common error is type II. The biases that arise when comparing different
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populations such as a farming town (Monte Maiz) and a large city (Cordoba
City) refer to a greater relative weight of elderly people in farming towns that
require adjustment rates by age; they do not substantially alter the differences in
incidence found. The Monte Maiz adjusted incidence of cancer rate resulted in
being 208% greater than in Cordoba city. As a secondary analysis but in view of
the age bias, we also contrasted the age structure of the cancer cases reported by
the RPT in years 2004-2009 with Monte Maiz age structure cancer cases data
2010-2014, compared between patients under 44 and over 45 years old age, and
found that 22% of the patients in Monte Maiz are younger than 44 years old and
11% in the entire province. The OR for cancer in people younger than 44 in
Monte Maiz was 1.88 (CI: 1.31 - 2.70) p-value: 0.001. It was observed that cancer
appears in younger people in Monte Maiz; the findings are consistent with the
observations made by local doctors in two ways: absolute increase of cancer and
a greater relative presence of young cancer patients.

Cancer prevalence is 240% higher than what GLOBOCAN 2012 (IARC 2012)
report for Argentina (Table 3). The urban area (radius census) with most im-
portant pesticide deposits, R15, showed a higher rate of cancer prevalence com-
pared to all other radius into which the town was divided, suggesting a relation
dose (exposure)-effect that would strengthen the inference of the relationship.
Smoking did not influence and cancer locations do not differ from those re-
ported by the RPT for the entire Province [5]. Simultaneously (March 2015), an
environmental health analysis conducted for National University of Rosario
(UNR) in another farming town (Maria Juana), located 300 km from Monte
Maiz, detected 80 cancer patients among 3940 inhabitants (unpublished data)
with a prevalence rate of 2013/100,000, very similar to our results. The UNR also
analyzed the environmental health status of 19 towns in the agricultural region
and found an increase of 2 - 4 times the expected cancer prevalence [15].

The Monte Maiz cancer mortality rate was 299% higher than the Cordoba
city. From RPT, the average cancer mortality rate in the Union District is also
twice as high as in Cordoba city [5]. From Health Ministry 20% of deaths in Ar-
gentina were due to cancer [16], it is also 20% cancer mortality in Cordoba city.
However, according to death certificates in Monte Maiz, cancer deaths were 39%
in 2013 and 34% in 2014. Serrano published in 2013 a study of cancer mortality
in San Vicente, an agricultural town 290 km of Monte Maiz, where cancer mul-
tiplied in recent years together with the expansion of soybean cultivation and use
of pesticides [17]. A multi-center study sponsored by the Health Ministry in
2012 reports substantial mortality differences between soybean farming villages
(that used glyphosate) and cattle-raising villages (that do not use glyphosate), in
Avia Terai, Campo Largo, and Napenay village, there were cancer deaths with
frequencies of 31.3%, 29.8% and 38.9%, respectively, whereas in Cole-Lai and
Charadai, only 5.4% and 3.1% [18]. Another study as well, sponsored by the
Health Ministry on pesticide exposure and health found a connection between
male cancer mortality and breast cancer mortality distribution with glyphosate
use rate for districts [19]. During 2015 the UNR School of Medicine studied the
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environmental health of the agricultural town San Salvador in Entre Rios, found
that almost 50% of those who died did so for cancer in recent years and high
contamination with pesticides, including glyphosate [20].

Cancer and agrochemicals is a mentioned relationship in epidemiological and
experimental reports. Leu and Swanson found a strong link between health dete-
rioration and increased cancer rates with glyphosate exposure in the USA [21].
The Monograph Working Group of the IARC in Evaluation of Carcinogenic
Risks to Humans in 2015 reviews 1000 studies on glyphosate and chooses 200
relevant paper to conclude that “There is limited evidence in humans for the
carcinogenicity of glyphosate. A positive association has been observed for non-
Hodgkin lymphoma. Also, there is sufficient evidence in experimental animals
for the carcinogenicity of glyphosate. Concluding that Glyphosate is probably
carcinogenic to humans (Group 2A). There is strong evidence that glyphosate
can operate through two key characteristics of known human carcinogens, and
that these can be operative in humans. Specifically: there is strong evidence that
exposure to glyphosate or glyphosate-based formulations is genotoxic based on
studies in humans in vitro and studies in experimental animals; And there is
strong evidence that glyphosate, glyphosate-based formulations, and AMPA can
act to induce oxidative stress based on studies in experimental animals, and in
in-vitro studies in humans” [4].

Studies of glyphosate genotoxicity emphasize the occurrence of damage to the
DNA strands that when not repaired nor the cell removed, can lead to cell muta-
tions that are the start of biological onset of cancer [22] [23] [24] [25]. So far,
epidemiological and experimental evidence shows that structural and numerical
chromosomal aberrations (CAs) generated by genotoxic agents are involved in
carcinogenesis [26]. Near Monte Maiz, in Marcos Juarez City, two studies showed
twice the frequency of CAs in environmentally exposed people to glyphosate or
other pesticides [27] and genotoxicity in children exposed to pesticides compar-
ing to not expose [28].

Our epidemiological link between environmental glyphosate and cancer seems
consistent regarding the incidence, prevalence, and mortality, the strength of the
association appear important and highlights the fact that families with farming
activities have a greater risk of cancer than families no farming, probably due to
greater direct exposure to glyphosate; although recognize that the ecological fal-
lacy cannot be discarded from this analysis. The change in time sequence could
not be stated in this cross-sectional study, but local doctors noted changes in the
disease profile since the introduction of GM seeds and the massive use of gly-
phosate. The results of this study are also important because they describe a

health problem in the environment where the people are living.

5. Conclusion

This research detected an urban environment severely polluted by glyphosate
and other pesticides and identified high frequencies of cancer, suggesting a link

between environmental exposure to glyphosate and cancer, although this was an
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exploratory and observational design unable to make direct causal assertions.
However, it is necessary to recognize the associations based on the analysis of
the differences between exposure variables and high cancer prevalence, inci-
dence, and mortality that must be verified with studies specifically designed for
this purpose; further research is needed to reveal the exact relationship between

cancer and glyphosate.
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