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Abstract

We analyzed the consequences of aerial spraying with glyphosate added to a surfactant solution in the northern part
of Ecuador. A total of 24 exposed and 21 unexposed control individuals were investigated using the comet assay.
The results showed a higher degree of DNA damage in the exposed group (comet length = 35.5 um) compared to the
control group (comet length = 25.94 um). These results suggest that in the formulation used during aerial spraying
glyphosate had a genotoxic effect on the exposed individuals.
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Glyphosate is a non-selective herbicide which is the
main chemical component in many systemic herbicides
used to control most annual and perennial plants. It controls
weeds by inhibiting the synthesis of aromatic amino acids
necessary for protein formation, which link primary and
secondary metabolism in susceptible plants (Carlisle and
Trevors, 1988; U.S. Forest Service, 1997).

According to some reports glyphosate shows no ad-
verse effects on soil microorganisms, it is relatively non-
toxic to fish (U.S. Forest Service, 1997) and is of relatively
low toxicity to birds and mammals, including humans (Batt
et al, 1980; Evans and Batty, Williams et al., 2000;
Goldstein et al., 2002). However, Lioi et al., (1998) re-
ported de induction of oxidative stress and mutagenic ef-
fects for some pesticides, including glyphosate, in bovines
and Paz-y-Miflo et al., (2002a) reported that some pesti-
cides were associated with genetic damage in human popu-
lations subjected to high pesticide exposure levels due
intensive use, misuse or failure of control measures.

Since January 2001, the northern area of Ecuador
(mainly Sucumbios district) has been subjected to aerial
spraying by the Colombian Government with Roundup-
Ultra, a herbicide formulation containing glyphosate, poly-
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ethoxylated tallowamine surfactant (POEA) and the
adjuvant Cosmoflux 411F which is a propriety Colombian
component probably included to aid the adherence or ab-
sorption of the herbicide (Ministerio de Relaciones Exte-
riores, Ecuador (MREE), 2003). According to the National
Narcotic Council for air spraying of illicit cultures the load
of the airplane was 1137 to 1705 liters and the effective un-
loading with Roundup Ultra (43.9% of glyphosate) was
23.4 liters ha™' equivalent to 10.3 L ha™ of glyphosate
(Accion Ecologica, 2003, Nivia, 2001). The main purpose
of spraying glyphosate in this formulation is to eradicate il-
licit crops grown in this area, and several research projects
have been carried out to investigate the consequences of the
use of this formulation in Ecuador (MRE, Ecuador, 2003;
Accion Ecologica, 2003).

The comet assay can be used to evaluate DNA dam-
age and provides a useful tool for estimating the genetic
risk from exposure to complex mixtures of chemicals
(Paz-y-Mifio et al., 2002b), this assay having been widely
applied in genotoxicity studies of factors such as X-rays
and pesticides (Singh et al., 1988; Tice et al., 1990; Scar-
pato et al., 1996; Slamenova et al., 1999; Blasiak et al;
1999; Garaj-Vrhovac and Zeljezic, 2000; Paz-y-Miio et
al., 2002a; Paz-y-Mifo et al., 2002b; Accion Ecologica,
2003).

The aim of the study described in this paper was to de-
termine the possible influence of the formulation of
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glyphosate used during aerial spraying in northern Ecuador
on the genetic material of exposed individuals.

The exposed (E) group consisted of 24 randomly se-
lected individuals (Table 1) who lived 3 km or less from an
area on the border between Ecuador and Colombia where
aerial spraying with a glyphosate-based herbicide had oc-
curred continuously during three days between December
2000 and March 2001, sporadic aerial spraying continuing
for three weeks following continuous spraying (MREE,
2003, Accion Ecologica 2004). Exposed group individuals
manifested symptoms of toxicity after several exposures to
aerial spraying, with half of the individuals in this group
having received spraying directly over their houses and the
other half living within 200m to 3 km from the sprayed ar-
eas.

A clinical history was completed for each of the ex-
posed individuals and a wide-range of reactions were
noted, including intestinal pain and vomiting, diarrhea, fe-
ver, heart palpitations, headaches, dizziness, numbness, in-
somnia, sadness, burning of eyes or skin, blurred vision,
difficulty in breathing and blisters or rash (MREE, 2003;
Accién Ecologica 2003).
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Venous blood (5 mL) was taken from the exposed in-
dividuals between two weeks and two months after their
exposure to aerial spraying and processed immediately af-
ter collection.

The blood samples analyzed in this study were pro-
vided by Dr. Adolfo Maldonado, a specialist in tropical
medicine and a member of the Ecological Action founda-
tion and part of the group of investigators of the Interna-
tional Commission on the Impact on Ecuadorian Territory
of Aerial Fumigations in Colombia. This study was ap-
proved by the Bioethics Committee of the Pontifical Catho-
lic University of Ecuador, according to the international
guidelines. Each individual completed a personal and bio-
medical survey and gave their informed consent to be part
of this study. In the case of the adolescents involved in the
study (14-17 year-olds) their legal guardians, as well as
themselves, gave their informed consent.

All of the individuals included in this study combine
their activities mainly in the house and sometimes cultivat-
ing and harvesting. This persons neither used herbicides,
pesticides nor similar substances in the named activities
(Accion Ecolégica, 2004).

Table 1 - DNA damage assessed by the comet assay in individuals exposed (E) to glyphosate and unexposed (U) control individuals. Note that the same
numbers (1, 2, 3 etc.) for the individuals does not indicate that the exposed and control individuals were matched.

Exposed to glyphosate Unexposed controls
Individual Number of cells scored in each group DNA migration (m) Individual ~ Number of cells scored in each group DNA migration (1m)
(gender, (gender,
age)" A B C D E Mean Median age)" A B C D E Mean Median
1E (F, 53) 2 120 76 5 3 39.5 325 IU(F, 17) 150 59 3 0 0 26.2 25.0
2E (F, 37) 13 92 82 14 0 44.1 325 2U (F,40) 164 43 4 0 0 25.4 25.0
3E (F, 40) 2 64 62 71 4 56.6 52.5 3U (F,26) 165 40 2 0 0 25.7 25.0
4E (M, 27) 8 75 64 47 8 492 375 4U M, 14) 111 96 6 0 0 27.3 26.5
SE (F, 44) 9 138 63 3 0 34.6 30.0 5U(M,32) 165 38 3 0 0 25.9 25.0
6E (F, 50) 51 113 30 3 0 30.8 27.5 6U (M, 21) 171 35 1 0 0 25.7 25.0
7E (F, 38) 21 139 48 3 0 332 30.0 7UM, 16) 177 25 6 0 0 25.8 25.0
8E (F, 46) 21 116 72 4 0 352 30.0 8U (F,47) 176 25 3 0 0 25.7 25.0
9E (F, 55) 26 100 84 1 0 32.8 30.0 9U (F, 15) 190 14 1 0 0 252 25.0
10E (F, 50) 26 100 84 1 0 342 30.0 10U (F,36) 179 25 1 0 0 254 25.0
11E (F, 22) 28 123 60 0 0 32.0 27.5 11U (F,21) 150 46 9 0 0 26.3 25.0
12E (F, 27) 11 130 63 6 0 33.7 30.0 12U (F,43) 148 49 15 0 0 26.8 25.0
13E (F, 28) 40 132 40 2 0 31.0 30.0 13U (F, 53) 161 27 10 0 0 26.1 25.0
14E (F, 59) 10 96 99 1 0 36.4 325 14U (F,35) 164 23 21 0 0 27.0 25.0
15E (F, 55) 35 110 62 1 0 32.7 30.0 15U (F,38) 169 28 11 0 0 26.4 25.0
16E (F, 17) 60 101 44 1 0 31.3 375 16U (F,22) 183 15 8 0 0 25.1 25.0
17E (F, 34) 7 114 57 2 0 33.4 30.0 170 (F,71) 191 8 5 0 0 25.0 25.0
18E (F, 45) 10 150 50 4 0 33.0 30.0 18U (F,39) 195 13 6 0 0 25.5 25.0
19E (F, 28) 13 160 44 0 0 31.1 27.5 19U (F,21) 179 20 8 0 0 259 25.0
20E (F, 21) 1 153 47 3 0 332 30.0 20U (F, 50) 190 14 2 0 0 25.3 25.0
21E (F, 34) 2 130 25 1 0 31.8 30.0 21U (F,43) 150 56 9 0 0 26.4 25.0
22E (F, 23) 0 29 173 2 0 393 37.5
23E (F, 34) 2 88 115 1 0 355 375
24E (F, 42) 93 103 9 0 0 27.6 27.5
Mean age = 38 + 12.2° 355+64° 30+54° Mean age =33 +15° 25.94+0.6° 25+ 0.3

*F = female; M = male, **Mean =+ standard deviation (SD), YMean median value + SD.
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The unexposed (U) control group consisted of 21 un-
related healthy individuals living 80 km away from the
spraying area. They were similar to the exposed group re-
garding their demographic characteristics and occupation
but were not matched controls. Blood samples were col-
lected and processed as for the exposed group, but not con-
comitantly.

None of the individuals analyzed in this study (nei-
ther the exposed group nor the control group) smoked to-
bacco, drank alcohol, took non-prescription drugs or had
been exposed to pesticides during the course of their nor-
mal daily lives. All of the individuals included in this study
mainly worked at home, sometimes cultivating and har-
vesting crops without the use of herbicides, pesticides or
similar substances in the named activities and their win-
dowed houses did not contain asbestos in the ceilings or
roofs (Accion Ecologica, 2004).

The Comet assay is a rapid and sensitive method for
the detection of DNA damage induced in vivo (Singh et al.,
1988, McKelvey-Martin et al., 1993, Monroy et al., 2005)
or after environmental and occupational exposures (Alber-
tini et al., 1996, Leroy et al., 1996).

The blood samples were assayed using the alkaline
comet assay as described by Singh et al., (Singh et al.,
1988) with the modifications implemented in our labora-
tory (Paz-y-Mifio et al., 2002). The comet assay slides were
analyzed at 400x magnification using a Zeiss fluorescence
microscope equipped with a calibrated ocular micrometer
and a 50 W mercury lamp with and excitation filter of
515-560nm and a 590nm barrier filter.

Cells were visually allocated to classified one o five
predefined categories (A-E) according to the amount of
DNA in the comet’s tail, tail and a rank-number of from 0
(A) to 400 (E) was assigned to quantify the damage in each
cell and calculate a mean of the amount of DNA damage
(Anderson et al., 1994).

To measure the head-to-tail comet length randomly-
selected cells from the center of the gel were measured us-
ing a calibrated scale and DNA migration was determined
by measuring the nuclear DNA and the migrating DNA
(Singh et al., 1988).

An average of 200 cells per individual was scored and
the mean and median comet length from each individual
was used for statistical analysis by the Mann-Whitney U
test, which was applied to determine the differences be-
tween exposed and control group in the comet assay.

We found that individuals in the group which had
been exposed to spraying with the glyphosate-containing
herbicide showed higher DNA migration levels than con-
trols (p <0.001), the exposed group having a mean total mi-
gration level of 35.50 um as compared with 25.94 um for
the control group (Table 1). Comet types D and E were not
observed in the control group (Table 1).

This work reports the results of the cytogenetic moni-
toring and DNA damage assessment of individuals exposed

Glyphosate related DNA damage

to aerial spraying of glyphosate in the northern part of Ec-
uador. A study of the genotoxicity of chemicals, such as
glyphosate is important because of their possible conse-
quences on human health and their association with cancer,
as has been published in similar studies with pesticides
(Paz-y-Mifio et al., 2002a). The Alaska Community Action
on Toxics (ACAT, 1998) factshhet, other studies like
Arbuckle et al., (2001) and Richard et al., (2005) reported
that when people ingest or absorb glyphosate through their
skin or bathe or drink in water contaminated with this herbi-
cide a wide range of symptoms can occur, such as head-
aches or reactions which affect the eyes, skin, lungs, heart,
blood cells and genitals and gonads. Ecuadorian govern-
mental data confirms the existence of health problems asso-
ciate with such symptoms in the spraying zone (MREE,
2003).

Published data showed that chromosomal damage in-
duced by pesticides appears to be transient transient in
acute or discontinuous exposure but cumulative in continu-
ous exposure to complex agrochemical mixtures (Bolog-
nesi, 2003).

Formulated herbicides containing glyphosate are
more potent mutagens to animals and humans than pure
glyphosate, most probably due to the concomitant effects of
additional toxic components, such as surfactants (ACAT,
1998). The aerial spraying on the border between Ecuador
and Colombia used 44% of Roundup-Ultra (see above) but
the recommended application rate of this formulation in the
USA is 1.6% to 7.7% up to a maximum concentration of
29% (MREE, 2003) and according to Accion Ecoldgica
(2003) the application rate of the formulated product must
not exceed 0.95 L ha™. In the area of our study the applica-
tion rate was 23.4 L ha-1 (10.3 L ha’ with respect to
glyphosate) and therefore more than 20 times the maximum
recommended application rate for the formulated product,
which may explain our comet assay results (Table 1)
(Accion Ecoldgica, 2003, Nivia, 2001).

The analysis of genes implicated in the process of
DNA detoxification, would be useful to understand the ge-
netic influence of some chemicals like glyphosate. In our
study factors such us age and DNA damage were not found
to be related and because most members of the exposed and
control groups were female we cannot conclude anything
regarding the influence of sex on the results of the comet as-
say. Similar results have been reported in other investiga-
tions, which report that in general terms sex and age seem
to have little, if any, effect in pesticide exposed populations
(Carbonell et al., 1993, Steenland ef al., 1986).

However, we did find a higher degree of DNA dam-
age in the exposed group compared to the control group
(Table 1). The significant increase in DNA damage levels
observed seem to reflect a general response to the formula-
tion used during aerial spraying, since none of the individu-
als in the exposed group smoked tobacco or drank alcohol
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or had been exposed to other pesticides when the samples
were taken.

Our findings suggest the existence of a genotoxic risk
for glyphosate exposure in the formulation used during the
aerial sprayings and indicate the need for further studies on
individuals exposed to glyphosate to determine its possible
influence on genetic material.
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