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Much of the world’s cocaine originates in Latin America
with the majority of the supply coming from Colombia. The
control of the coca plants from which cocaine is produced
(Erythroxylum coca and E. novogranatense) has been the focus
of considerable effort and expenditure. As part of the supply
control effort that started in the 1970s, an aerial spraying eradication program in Colombia was started in 1997 using the herbicide glyphosate. The total area planted with coca was 99,000
ha and the cumulative area of coca sprayed with glyphosate was
153,134 ha in 2007, 11% less than in 2006 (UNODC 2008).
The potential human and environmental risks related to the
use of glyphosate for controlling coca plants have generated
considerable interest and attention in Colombia and other
countries. At the request of the Organization of American
States (OAS), an independent scientific review of this issue
was completed in 2005 by an expert panel (Solomon et al.,
2005). This review, published in the scientific literature in
2007, noted that, at the time, knowledge of the toxicity of glyphosate and its formulated products did not suggest significant
risks to humans or most wildlife (Solomon et al., 2007b). In
addition to assessing the toxicological effects of the eradication
spray program, the review pointed out that some of the chemicals
used in the production and refining of the final product, cocaine
hydrochloride, presented potential hazards to humans and the
environment (CICAD/OAS 2004, 2005; Solomon et al., 2007a).
However, the primary review noted that there were several outstanding questions and issues. Key environmental issues that
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were identified included the influence of spray procedures and
conditions on spray drift and the toxicity of the spray mixture to
amphibians, with ancillary questions related to alternative products and mixtures that would pose less risk to amphibians and
the distributions of amphibians in relation coca production and
the spray program (Solomon et al., 2007b). Other questions have
also been raised, such as in a recent report in the literature of
effects of glyphosate use on humans (Paz-y-Miño et al., 2007),
which suggested that drift of spray was affecting humans at distances of several km from areas of application.
As a result of these questions, several studies were initiated
to collect data and to test specific hypotheses. These studies
have been completed and are published as a series of articles in
this issue of Journal of Toxicology and Environmental Health.
This article is an overview of the results of these studies which
places them in the context of other recent publications on the
spray program and the effects of glyphosate on the environment
and on human health. As is common for all risk assessments
(U.S. EPA, 1998), this overview addresses both exposures and
effects and draws on the data in these articles to integrate these
observations into a risk assessment and overview.
EXPOSURES IN THE ENVIRONMENT
As exposure is the primary driver of risks, the first article in
the series relates to spray drift (Hewitt et al., 2009). One of the
primary questions addressed in this article was the effect of
spray conditions on droplet size and the potential for spray
drift. Until recently, the aircraft currently used for eradication
spraying in Colombia were the OV-10 and the AT 802; however,
the only one in current use is the AT 802 (National Police,
Colombia, personal communication, September 2008). The
speed during spray application is 333 km/h for the OV-10 and
274 km/h for the AT-802, both in excess of the speeds used in
conventional agricultural spray applications (approximately
200 km/h). The greater speed of these aircraft, necessitated by
the need to avoid hazards such as gunfire from the growers of
illicit crops, would be expected to increase velocity of air and
shear at the spray nozzles. This, in turn, would increase the
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formation of small droplets with a greater propensity for drift
and offsite damage. Currently, exposure characterization is
conducted by using models such as AGDISP (Bilanin et al.,
1989) and AgDRIFT (Hewitt et al., 2001) for predicting onand off-target deposition of aerially applied sprays of pesticides. However, data on droplet size under spray conditions in
Colombia to input into the models were lacking.
Data on droplet size spectra were measured in a unique
wind tunnel facility in Australia where the appropriate velocity
of air could be achieved, and these data were then used to
model spray drift in relation to sensitive organisms (Hewitt
et al., 2009). These results showed that the tank mix of Glyphos
and Cosmo-Flux, as used in the eradication spraying in Colombia,
produced droplets of median diameter (Dv0.5) of 128 to 140 µm,
which are classified as very fine to fine sprays. Modeling of
spray drift using AgDRIFT showed that the spray droplets
would not evaporate as rapidly as most similarly sized agricultural sprays because of the large proportion of nonvolatile
components (active and inert adjuvant ingredients). Thus, even
under worst-case conditions of a cross-wind of 9.3 km/h, the
potential for longer range drift was small and most drift that
might occur would deposit relatively close to the application
swath. In addition, drift only occurs downwind and with winds
of velocity less than the modeled maximum the drift distance
would be less. Based on worst-case spray drift at various distances from the application swath, exposures of plants and
organisms in shallow water (15 cm deep) were estimated and
compared to species sensitivity distributions of toxicity values
for formulations of glyphosate in plants and amphibians, the
most sensitive group of animals.
Based on modeled drift and 5th centile concentrations,
which would be protective of 95% of plants, appropriate nospray buffer zones (distance from the end of the spray boom as
recorded electronically ±5%) were 50 m to 120 m for coca
spraying. These buffers are additionally protective of plants, as
it was shown that, at small rates of application, glyphosate
stimulates plant growth (Velini et al., 2008), which, even in the
long term, does not reduce yields (Cedergreen, 2008).
The equivalent buffer zone for protection of amphibia in
shallow water was 5 m, which, as discussed later, is conservative because adsorption of glyphosate and formulants in the
mixture to sediments and particulate matter further reduces
exposures and therefore, risk. The low toxicity of glyphosate
and its formulations to mammals (Williams et al., 2000;
Solomon et al., 2007b) suggests that these aerial applications
are not a concern to bystanders, even those close to the spray
swath. The assertion that spray drift over long distances was
adversely affecting humans (Paz-y-Miño et al., 2007) is not supported by these observations, as exposures would be extremely
small. For example, at 1 km from the spray swath, deposition
would be between 1 and 0.1 g glyphosate acid equivalents
(a.e.)/ha, which is equivalent to between 0.57 and 0.06 µg/kg
body weight (bw), assuming a total exposed skin area for a
naked 70-kg human of 2 m2 and 2% penetration (Solomon et al.,
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2007b). This is between 175- and 1750-fold less than the
chronic reference dose of 100 µg/kg/day as determined by the
U.S. Environmental Protection Agency (EPA) (2008) and
between 3500- and 58,000-fold less than the acceptable operator
exposure level (AOEL) of 200 µg/kg/d (IUPAC, 2009).

EFFECTS IN THE ENVIRONMENT
With regard to effects on organisms in the environment, the
initial review (Solomon et al., 2007b) noted that amphibians
appeared to be relatively more sensitive to formulations of
glyphosate than other aquatic animals, however, there were no
data for the mixture of Glyphos and Cosmo-Flux as used for
coca eradication in Colombia. It was also noted that many
other pesticides were used in the production of coca and that
these could present significant risks to humans and non-target
organisms in the environment (Solomon et al., 2007a). Based
on a worst-case exposure scenario, and a quotient based on the
reference dose, some of the chemicals used by growers, particularly the organophosphorus insecticides, had hazard quotients
for humans 2000-fold greater than that for the eradication
spray (Solomon et al., 2007a). Similarly, hazards to all aquatic
organisms were up to 20,000-fold greater (for endosulfan)
than the eradication spray mixture (Solomon et al., 2007a). A
refinement of this approach that focused on amphibians (Brain
& Solomon, 2009) is published in this issue and confirmed the
greater hazards to amphibians of the chemicals used to produce
coca. For some species of larval amphibians, sensitivity to several pesticides (mainly insecticides) was 10- to 1000-fold
greater than estimated worst-case exposures and hazards were
much greater than those for the eradication spray mixture. In
addition, habitat destruction, such as clear-cutting forests for
production of coca or food crops, was identified as another
major threat to amphibians (Brain & Solomon, 2009; Lynch &
Arroyo, 2009).
As there were no data on the susceptibility of amphibians to
the mixture of Glyphos and Cosmo-Flux used in the eradication sprays, this was also a focus in the collection of additional
data. An initial lab study with the African clawed frog, Xenopus laevis (Wildlife International, 2006a, 2006b), showed that
the mixture was somewhat less toxic than reported values for
other formulations of glyphosate. The LC50 for the mixture as
used on coca was the equivalent of 1100 (95% CI; 560-2,300) µg
glyphosate a.e./L, while the lowest LC50 previously reported
for formulated glyphosate (Vision) in the same species of frog
was 800 µg a.e./L (Edginton et al., 2004). This then raised two
questions; the first was whether there were alternative formulations of glyphosate that were potentially less toxic to frogs but
as effective as the currently used mixture for the control of
coca and, second, were Colombian frogs generally more or less
sensitive to formulated glyphosate than other species tested in
other regions?
To investigate the efficacy of other formulations of glyphosate on coca, field trials were conducted in Tolima Department,
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Colombia (Marshall et al., 2009). Coca plants (E. coca) were
grown from seedlings to 75 cm height and then sprayed with a
range of glyphosate formulations and different adjuvants using
an experimental ground sprayer. Assessments were made of
plant vigor, height, and above-ground standing crop (fresh
weight) 3 wk after application. Resprouting of plants was
assessed at 9 wk after treatment. Even mixed with adjutants,
unformulated glyphosate applied as the product Rodeo gave
poorer control of coca than two formulated products, Roundup
Biactive (from Europe) and the formulation currently used in
eradication spraying, Glyphos. In general, these latter two
products performed well without added adjuvants, giving control similar to that of the mixture of Glyphos and Cosmo-Flux
as currently used in Colombia. There was some evidence that
addition of the adjuvant Silwet L-77 and, to a lesser extent,
Mixture B (from the United Kingdom) resulted in the earlier
appearance of symptoms of injury. There were also indications
that glyphosate rates of less than 3.7 kg a.e./ha provided control in the range of 95%. When also considering that glyphosate appears to inhibit the production of cocaine in coca plants
(Casale & Lydon, 2007), effective control of drug production
may be possible with lower rates of application. These results
also illustrate that there are potential alternatives to currently
used products, one of which, Roundup Biactive, was shown to
be less toxic to amphibians (Mann et al., 2003). Before using
these products, field testing to assess the influence of different
environmental conditions, varieties of coca, and aerial application procedures needs to be conducted. Should a different adjuvant be required, Silwet L-77 and Mixture B would be good
candidates for further evaluation, including toxicity to nontarget
organisms.
To address the question of sensitivity of Colombian species
of frogs to formulated glyphosate, a series of toxicity bioassays
was conducted on tadpoles under laboratory conditions (Bernal
et al., 2009a). Laboratory studies were conducted in glass containers and in the absence of sediments and particulate matter.
LC50 values for the 8 species tested (Gosner stage-25 tadpoles
of Scinax ruber, Dendrosophus microcephalus, Hypsiboas
crepitans, Rhinella granulosa, R. marina, R. typhonius, Centrolene
prosoblepon, and Engystomops pustulosus) ranged from 1200
to 2780 µg glyphosate a.e./L. These values suggest that sensitivity to Roundup-type formulations of glyphosate in these species is similar to that observed in other tropical and temperate
species of frogs for which data have been published in the literature. The toxicity of the mixture of Glyphos and Cosmo-Flux
as used to spray coca was likely driven by the surfactant in the
Glyphos, as the addition of Cosmo-Flux did not increase toxicity above those values reported in other frogs for studies using
both Vision and Roundup, two similar formulations used in
North America (discussed earlier). Cosmo-Flux is of low toxicity to fish with an LC50 of 4417 mg formulation/L (RondonBarragan et al., 2007). That tropical frog species were of similar sensitivity to those from temperate regions is also consistent
with observations with other pesticides and other organisms

(Maltby et al., 2005) and therefore allows the combination of
Colombian data with those from other regions for the purposes
of risk assessment.
In contrast to laboratory observations, toxicity studies conducted on Gosner stage 25 tadpoles under field conditions in
15-cm deep microcosms containing a 3-cm layer of sediment
showed reduced sensitivity (Bernal et al., 2009b). Microcosms
were sprayed with the mixture of Glyphos and Cosmo-Flux as
used in eradication spraying. Mortality >50% was only observed
in the tested species when the application rates were >2-fold the
normal application rate of 3.69 kg glyphosate a.e./ha. LC50 values
were between 8.9 and 10.9 kg glyphosate a.e./ha (equivalent to
initial nominal concentrations of 5963 to 7303 µg glyphosate
a.e./L in the microcosms. These results show that toxicity of
the spray mixture is reduced in the presence of sediments and
particulates in the water column. Although it was not possible
to measure concentrations of glyphosate in these systems, the
reduction in toxicity was similar to that observed by others
(Tsui & Chu, 2003, 2004, 2008; Tsui et al., 2005) for the
formulated product and also for the POEA surfactant, which
contributes the greatest to the toxicity of the formulation
(Wang et al., 2005). In these studies, reductions in toxicity
were attributed to reductions in exposure as a result of absorption to sediments and/or breakdown by microbes. Thus, risks to
larval frogs (representing sensitive aquatic organisms) from the
eradication sprays as used in Colombia would be reduced by
adsorption to sediments under field conditions and, even with
direct overspray, amphibians in shallow water systems (∼15 cm
deep and theoretically the most vulnerable) would be at low risk.
In bioassays where terrestrial stages of frogs (juveniles and
adults) were exposed to a direct overspray of the Glyphos–
Cosmo-Flux mixture, LC50 values ranged between 4.5 and
22.8 kg a.e./ha, all of which were above the application rate of
3.7 kg a.e./ha for eradication spraying. These studies were conducted under realistic conditions with soil and leaf litter
present in the bottom of the exposure chambers, a different
exposure system from that used in other studies that claimed
high toxicity of formulated glyphosate (Relyea, 2005). The
observations of Relyea (2005) on adult frogs may have been
the result of the presence of formulants specific to the product
used (Dinehart et al. 2009) or incorrect calculation of exposures
as the results reported by Bernal et al. (2009a) are consistent
with those of Mann and Bidwell (1999), who observed that
adult and juvenile terrestrial stages of the Australian frog, Crinia
insignifera were less sensitive to Roundup than tadpoles. The
overall conclusions of the studies on Colombian frogs are that,
under worst-case exposure conditions, the mixture of Glyphos
and Cosmo-Flux used for control of coca in Colombia is of low
or negligible risk to aquatic and juvenile terrestrial stages of
frogs.
To provide background information on amphibians and
their distribution in relation to coca production and aerial eradication spraying in Colombia, data on the more than 53,000
records of amphibians in the Instituto de Ciencias Naturales
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(ICN) (Bogotá) were characterized (Lynch & Arroyo, 2009).
Analyses were based on the proximities of actual museum
records to localities in which illegal crops are being grown and
the subset of those that have been sprayed with glyphosate.
ARC MAP software was used so that direct distance separating
of collection locations for frogs, known coca fields, and areas
where aerial spraying was being conducted could be measured
(Lynch & Arroyo, 2009).
Based on data for the location of amphibians collected in
Colombia, records existed of 193 species (28% of the national
diversity) of frogs and toads from localities within 10 km of
areas where coca is grown. Records in or near coca fields
included records for 13 of the 15 families of frogs and toads
known for Colombia. Only Ceratophryidae and Pipidae were
not reported from these locations and would not be at risk. For
eight species (Dendrobates truncatus, Craugastor raniformis,
Pristimantis gaigeae, Smilisca phaeota, Elachistocleis ovale,
Hypsiboas crepitans, Trachycephalus venulosus, and Pseudis
paradoxa) selected to represent several coca-associated habitat
preferences and lifecycle strategies, large areas of their distributions lie outside coca production regions and the populations
as a whole are at low risk of exposure. For a limited number of
species that barely enter Colombian territory, the consequences
of coca production may be more serious and may have placed
several species of frogs at risk. These include Ameerega bilingua, Dendropsophus bifurcus, Eleutherodactylus colomai, E.
degener, E. diadematus, E. quaquaversus, E. variablis, and
Trachycephalus jordani. Other species may be at risk, but
exact numbers are unknown because little investigation
occurred in these areas during the past 30 yr. As these species
are found in Ecuador, it is assumed that healthy populations
persist there.
Overall, the risks from pesticide used for eradication spraying must be placed in the context of the greater toxicity of other
products used by growers (Brain & Solomon, 2009) and the
sensitivity of frogs from Colombia to the mixture of glyphosate
and Cosmo-Flux as used in the aerial eradication spraying.
Laboratory-based toxicity studies showed that aquatic larval
stages of Colombian species are not differently sensitive as
compared with frogs from other locations (Bernal et al.,
2009b). When tested under realistic conditions—in shallow
water (15 cm deep) in the presence of sediment and particulates that will absorb glyphosate and the more toxic surfactant—toxicity was reduced (Bernal et al., 2009b), resulting in
lower risk. In contrast, some of the products used by growers
may be more bioavailable in the environment and risks to these
may not be mitigated. Terrestrial stages were less susceptible
than aquatic stages (Bernal et al., 2009b). Modeling of spray
drift from the aerial eradication spraying (Hewitt et al., 2009)
showed small downwind exposures to the mixture of glyphosate and Cosmo-Flux at distances beyond 30 m. Based on
laboratory toxicity data, larval stages of frogs would only be at
risk if they were in shallow water within 5 m of the spray
swath. However, under conditions of exposure in the field,
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interception by foliage and adsorption to soils and sediments
reduce exposures still further, and risks, even to a direct mixtures of the eradication mixtures, are small to negligible.

EFFECTS IN HUMANS
In previous reviews of the risk of glyphosate to humans, it
was concluded that both the active ingredient and the formulated product (Roundup) present low risks to humans whether
used in agricultural or vegetation management (Williams et al.,
2000) or as used in the eradication of coca in Colombia
(Solomon et al., 2007b). The first article in this series on the
potential human health effects of the use of Glyphos and
Cosmo-Flux for the eradication of coca addressed the issue of
possible reproductive effects of the spray program in Colombia
(Sanin et al., 2009). This issue was identified as a possible
response by earlier reports of associations between pesticides
and reproductive outcomes. Arbuckle et al. (2001) reported
moderate increases in the risk of early abortion when preconception self-reported exposures to phenoxy acetic acid herbicides were present and for late abortions and self-reported
preconception exposure to glyphosate was associated with
higher risks. In another study, Curtis et al. (1999) showed a
positive association (decrease in fecundability of 20% or more)
measured through time to pregnancy (TTP) when both spouses
reported exposure to pesticide-related activities, one of which
was glyphosate.
The study in Colombia was to test whether there was an
association between the use of glyphosate when applied by
aerial spray for the eradication of illicit crops eradication
(cocaine and poppy) and time to pregnancy (TTP) among fertile women. The study was a retrospective cohort study with an
ecological exposure index related to areas of residence with
different uses of glyphosate. First pregnancies in 2592 fertile
women from 5 regions were included in the study and the
women were interviewed regarding potential reproductive, lifestyle and work history predictors of TTP. The results showed
that there were differences in TTP between regions. Boyacá, a
region with traditional crops without glyphosate eradication
spraying (manual eradication), had the minimal risk and was
the reference region. Sierra Nevada, a control area with organic
agriculture and no pesticide use; Putumayo, where illicit crops
are grown and with an intensive eradication spray program;
and Valle del Cauca, a sugar cane region where glyphosate and
others chemicals have been used for more than 30 yr, had
greater risk of longer TTP, with the highest risk for Valle del
Cauca (Sanin et al., 2009).
Classification of exposure in the study was by location of
residence. Nonexposed participants were those who lived in
the region where organic crops were produced and who, in
addition, did not report any use of pesticides in the interview.
In the other four departments, there was exposure not only to
glyphosate, but also to other herbicides and pesticides.
Although place of residence is not an accurate surrogate for
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exposure to pesticides and may generate misclassification
(Arbuckle et al., 2004), this ecological assessment was useful
to explore, at the population level, whether an association
existed between the putative exposure (aerial spraying of glyphosate) and outcome (Ritter et al., 2006). Pesticides in general
are likely not the cause of observed differences either. Large
differences in TTP were found between two regions of high to
moderate pesticide use, Valle del Cauca and Boyacá. The
observed ecological differences remain unexplained, but may
be produced by varying exposures to environmental factors,
history of contraceptive programs in the region, or psychological distress. Future studies examining these alternative causes
are needed.
Epidemiological studies have not shown consistent or
strong relationships between glyphosate exposures and health
outcomes. Glyphosate and its formulations have been extensively investigated for potential adverse effects in humans
(Williams et al., 2000). They have been reported to exert a low
acute toxicity to different animal species. Chronic feeding
studies have not shown evidence of carcinogenicity or any
other relevant long-term effect (U.S. EPA, 1993; World Health
Organization International Program on Chemical Safety,
1994). Glyphosate AI and Roundup were extensively tested for
genotoxicity in a wide range of in vitro and in vivo systems
evaluating different genetic endpoints (gene mutation, chromosome mutation, DNA damage and repair) using bacteria and
mammalian somatic cells (Williams et al., 2000). Although
effects were reported in some in vitro studies, it was concluded
that, in vivo, glyphosate and its formulations were not genotoxic
(Williams et al., 2000). Several in vitro and in vivo studies with
parallel testing of glyphosate AI and Roundup showed that only
the commercial formulation was genotoxic (Rank et al., 1993;
Bolognesi et al., 1997; Gebel et al., 1997; Grisolia 2002), in general agreement with the observation that adjutants in the formulation may be more toxic to animals than glyphosate itself
(Giesy et al., 2000; Williams et al., 2000; Richard et al., 2005).
Evidence of DNA damage in peripheral lymphocytes from a
small group of subjects potentially exposed to glyphosate was
reported in a recent article (Paz-y-Miño et al., 2007). Problems
with the study design, such as the small number of subjects
(21 control and 24 exposed) and the fact that random selection
produced 23 females and 1 male in the exposed group, do not
allow conclusions to be drawn; however, this article did raise
concerns about possible effects and a study was carried out
using the micronucleus (MN) response in peripheral lymphocytes as a biomarker (Bolognesi et al., 2009).
This study was carried out in volunteers from five Colombian
regions, characterized by different exposure to glyphosate and
other pesticides. The epidemiological design was a prospective
cohort study but, for logistical reasons, without exposure
biomonitoring. A large sample, 274 persons comprising
137 women of reproductive age (15–49 yr of age) and their
spouses (137), were included in the study. Participants were
interviewed to obtain relevant details about health status,

history, lifestyle, past and current occupational exposure to
pesticides, and factors known to be associated with increased
frequency of micronuclei. In regions where glyphosate was
being sprayed, blood samples were taken prior to spraying, 5 d
after spraying, and 4 mo after spraying. Lymphocytes were
cultured and MN analysis performed using standardized
techniques on binucleated lymphocytes (BN) with preserved
cytoplasm.
The frequency of binucleated lymphocytes with micronuclei
(BNMN) was smallest in Santa Marta, where organic coffee is
grown without pesticides. Compared with Santa Marta, the
pre-spray baseline frequency of BNMN was significantly
greater in subjects from the other four regions. The highest frequency of BNMN was in Boyacá, where no aerial eradication
spraying of glyphosate was carried out, and Valle del Cauca,
where glyphosate was used for maturation of sugar cane.
Boyacá and Valle showed significantly higher frequency on
BNMN than Nariño and Putumayo, where aerial spraying was
carried out. Region, gender, and older age (≥35 yr) were the
only variables associated with the frequency of BNMN measured before spraying. A significant increase in frequency of
BNMN between first and second sampling was observed in
Valle, Putumayo, and Nariño immediately (<5 d) after spraying.
Four months after spraying in Nariño, there was a statistically
significant decrease in the mean frequency of BNMN compared with the second sampling, but in Valle del Cauca the
decrease was not significant nor was the increase in Putumayo.
There was no significant association between self-reported
direct contact with eradication sprays and frequency of
BNMN. The frequency of BNMN in participants who selfreported that they were exposed to glyphosate because they
entered the field immediately after spraying (to pick the coca
leaves), felt spray drops in their skin, or they thought they were
exposed because they had contact with the chemical in the air,
was not significantly greater than in subjects living in the same
areas but who were not present during spraying. Overall, these
results suggest that genotoxic damage associated with glyphosate spraying, as evidenced by the MN test, is small and
appears to be transient. The frequencies of BNMN in Nariño
and Putumayo during the second and the third sampling fell
within the range of values observed in Boyacá, an area where
people were exposed to a complex mixture of different pesticides (including glyphosate). A greater increase in frequency
of BNMN was observed in Valle del Cauca, but it cannot be
attributed only to the glyphosate exposure, because the application rate of the herbicide in this area was one-third compared
with that in Nariño and Putumayo. There was no association
between self-reported direct contact with eradication sprays
and frequency of BNMN. Overall it was concluded that the
genotoxic risk potentially associated with exposure of humans
to glyphosate in the areas of Colombia where the herbicide is
applied for coca and poppy eradication is of low biological relevance. When these conclusions are combined with the lack of
significant spray drift (Hewitt et al., 2009), there is no support
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for the earlier conclusion (Paz-y-Miño et al., 2007) that eradication spraying is producing adverse effects in humans.

OVERALL CONCLUSIONS
The study started out with three questions related to the
risks to the environment and human health of the use of glyphosate for eradication of coca (and poppy) in Colombia.
These questions were related to spray drift, effects on sensitive
wildlife such as amphibians, and effects on humans. On the
basis of the results of the series of studies reported in this issue
and other observations reported in the literature, several overall
conclusions were reached. In terms of spray drift, new data
showed that drift from eradication spraying is minimal and that
relatively small buffer zones, ranging from 5 to 120 m, are protective of sensitive aquatic animals and, the target organisms,
plants, respectively.
Laboratory and field tests on amphibians showed that
Colombian species were of similar sensitivity to species tested
in other locations and that they were not especially sensitive to
glyphosate formulations. Tests on larvae stages of amphibians
under realistic conditions showed that toxicity was reduced,
most likely because of the rapid absorption of glyphosate and
its adjuvants to sediments and particulate matter. Terrestrial
stages of frogs showed a range of sensitivity, but all had LC50
values less than the application rate used for eradication of
coca. Given interception by foliage, risks to aquatic and terrestrial stages of frogs from Colombia, even from direct exposure
to aerial eradication sprays, are judged to be small to negligible. The study of the large distribution of large diversity of frog
species in Colombia in relation to coca production and eradication spraying showed that there were only a few species of
frogs potentially at risk because of their location in southwest
Colombia. As these species are also found in Ecuador, the
likely small risks are to populations in Colombia, not the species as a whole. A much greater risk to frogs in Colombia is
from the other pesticides used by the growers of coca (and
poppy) and particularly the deforestation that precedes the
planting of these crops.
In terms of effects on humans, an epidemiological study
did not provide evidence of effects on reproductive function in
terms of TTP. In a study on potential genotoxicity that combined epidemiological surveys with biological monitoring of
the frequency of MN in white blood cells, differences in the
baseline frequency were observed in relation to region sampled. In those regions where spraying of glyphosate was being
carried out for agricultural and eradication purposes, frequency of MN rose after spraying but these increases were not
related to the rate of application or to self-reported exposures
to the spray. In some regions the frequency decreased after
spraying but in one, it did not. These observations do not fulfill all of the criteria for causality, suggesting that if glyphosate spraying has any influence on MN, this is small and not of
biological significance.
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Overall, the risks to sensitive wildlife and human health
from the use of glyphosate in the control of coca (and poppy)
production in Colombia are small to negligible, especially
when compared to the risks to wildlife and humans that result
from the entire process of the production of cocaine (and heroin)
in Colombia.
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