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Abstract

Organophosphate pesticides can cause cognitive impairment. However,
farmers use different pesticides in all phases of the same crop. The aim of this
study was to analyze the effect of serial pesticides on cognitive and motor
performance in samples of exposed, indirectly exposed, and unexposed
people. It is an exploratory study with a cross-sectional design, a total of
135 small farmers from the informal sector participated. Mini-Mental, Trail
Making, Rey-Osterrieth Complex Figure, Digit Retention, Hopkins Verbal
Learning,and the Grooved Pegboard testswere administered. The results show
that the highest serial exposure occurs with Glyphosate, Lorsban, Furadan,
and Paraquat. The group with direct exposure to pesticides presented a lower
performance in working memory, explicit verbal memory, constructive
praxis, and fine motor control of the right hand than the indirectly exposed
group and the unexposed group. In conclusion, direct and serial exposure to
pesticides generates neuropsychological and motor impairment in informal
sector farmers. The development of public politics that promote healthy
and safe practices to minimize the risks due to the use of these substances is
recommended.

Keywords: Pesticides, attention, memory, motor skills, neuropsychology.

Resumen

Los pesticidas organofosforados pueden generar deterioro cognitivo. No
obstante, el agricultor emplea diferentes pesticidas en todas las fases de
un mismo cultivo. El objetivo de este estudio fue analizar el efecto de los
pesticidas en serie en el rendimiento cognitivo y motor en una muestra de
personas expuestas, expuestas indirectas y no expuestas. En este estudio
de tipo exploratorio con disefio transversal participaron 135 pequefios
agricultores del sector informal. Se administré el Mini-Mental, el Trail
Making Test, 1a Figura Compleja de Rey-Osterrieth, Retencion de Digitos, el
Test de aprendizaje verbal de Hopkinsy el Grooved Pegboard. Los resultados
muestran que la mayor exposicion en serie ocurre con el Glifosato, Lorsban,
Furadan y Paraquat. El grupo con exposicion directa a los pesticidas
presenté menor rendimiento en memoria de trabajo, memoria explicita
verbal, praxis constructivas y control motor fino mano derecha que el grupo
expuesto indirectamente y el no expuesto. En conclusion, la exposicion
directa y en serie a los pesticidas genera deterioro neuropsicolégico y
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motor en los agricultores del sector informal. Se recomienda el desarrollo
de politicas publicas que promuevan practicas saludables y seguras para
minimizar los riesgos por el uso de estas sustancias.

Palabras claves: Pesticidas, atencion, memoria, habilidades motoras,
neuropsicologia.

Introduction

Cognitivefunctionsaremental processesthatallowthe processingof information
and the development of any task, facilitate the reception, selection, storage,
transformation, elaboration and recovery of stimuli from the environment
(Ardila & Roselli, 2019). The main cognitive functions are attention, memory,
language, thinking, spatial, and constructional skills (Harris et al., 2001). These
mental processes can be affected by mechanisms that generate brain damage,
such as constant exposure to pesticides, which cause neuropsychological
disorders and clinical symptoms (Malekirad et al., 2013; Corral et al., 2017).

Pesticides are chemical substances or a mixture of liquid or solid, organic,
inorganic or microbiological substances. These substances prevent, destroy or
control pests, including insects and fungi, rodents or unwanted plant species that
cause damage during the production and storage of crops; includes insecticides,
herbicides, fungicides, and rodenticides (Abubakaret al., 2020). The Department
of Tolima is located in the intertropical zone, characterized by the Andes
mountain range and isothermal climates, which explain its high biodiversity
and facilitate the planting of various crops throughout the year (Jiménez et al.,
2019). This agricultural wealth favours the massive use of pesticides (Varona et
al., 2017).

Farmers have been considered especially vulnerable to acute or chronic health
effects, due to the use of pesticides (Jiménez-Quintero et al., 2016), especially
small farmers in the informal sector, who work in small-scale farms, they often
face severe financial and infrastructure constraints (Mehrabi et al., 2018). These
farmers are more exposed to acute and chronic intoxication since they do not
participate in occupational health, surveillance and poison control programs
(Lopez et al., 2015).
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Studies show in agricultural workers, low scores in executive function,
psychomotor speed, verbal fluency, visual and auditory memory (Corral et
al., 2017), selective and divided attention, verbal and non-verbal memory,
prospective memory, spatial functioning and initiative/energy (Malekirad et
al., 2013). However, most of these results come from studies that aim to identify
the neuropsychological effects of people exposed only to organophosphate
pesticides (Corral et al., 2017; Blanc-Lapierre et al., 2013; Mackenzie Ross et al.,
2012; Munoz-Quezada et al., 2016; Naughton & Terry, 2018).

Organophosphate pesticides cause four neurotoxic disorders in humans:
cholinergic  syndrome, intermediate syndrome, organophosphate-
induced delayed polyneuropathy, and organophosphate-induced chronic
neuropsychiatric disorder. The latter characterized by cognitive deficits
(impaired memory, concentration and learning, attention problems, information
processing, hand-eye coordination and reaction time), mood swings (anxiety,
depression, psychotic symptoms, emotional lability), chronic fatigue, autonomic
dysfunction, peripheral neuropathy and extrapyramidal symptoms such as
dystonia, tremor at rest, bradykinesia, postural instability and stiffness of the
muscles of the face (Jamal et al., 2016; Taghavian et al., 2016).

For Jokanovi¢ (2018), agricultural workers examined two years after an episode
of pesticide exposure showed inferior performance in verbal and visual
attention, visual memory, sequencing and problem-solving. They also showed
deterioration in motor reflexes. Farmworkers with mild poisoning symptoms
that did not require hospitalization fared worse on cognitive and psychomotor
tests. They also developed a greater vulnerability to psychiatric disorders, such as
anxiety and depression. Other dysfunctions represented in agricultural workers
arealterationsinlanguage, attention and memory, as well as psychomotor, visual
and coding alterations, and even irritability, cognitive deterioration, ataxia and
Parkinson’s disease (Ismail et al., 2017)

However, there are numerous types of pesticides used in all phases of the same
crop (Federal Insecticide, Fungicide, and Rodenticide Act, 2019).

In Colombia, there are not enough studies that address the effects of pesticides
on the rural population the little evidence mostly has an orientation from
medical science (Ramirez-Botero & Pachajoa, 2016; Hernandez et al., 2008) and
occupational (Lopez et al., 2015; Varona & Idriva, 2016). Taking into account
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that Tolima is one of the Colombian departments with the highest agricultural
production in the country (Agronet, 2020), there are few studies on the
neuropsychological effects on the health of farmers exposed to pesticides.

This study is important because it contributes to understanding how serial
pesticides affect working memory, explicit verbal memory, constructive praxis
and fine motor control, the results allow guide actions aimed at improving the
health and quality of life of patients. small farmers, through prevention and
promotion programs, intervention in occupational health, management and
organization of minority farmers, and development of public policies that
promote practices to minimize the effects of pesticides on the health of farmers
and their families.

Method
Study type and design

The exploratory type studywith a cross-sectional design aims to examine a little-
studied topic the data is recorded at a specific and unique moment (Hernandez,
Fernandez, & Baptista, 2010).

Sample

The non-probabilistic intentional convenience sample made up of 135
participants from the municipalities of Espinal, Coello, Rovira, Saldana, and
Anzoategui of the department of Tolima, Colombia (see figure 1). This area is
conducive to the cultivation of rice, passion fruit, melon, corn, banana, orange,
lemon, guava, coffee, tomato and mango (Norton, 2017). The farmer uses
pesticides in series to control insects, fungi and weeds, alternating or mixing
these substances throughout the cultivation process, depending on the harvest
or the time of year.
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Fuente: Adaptado de Google maps por Juan José Ospina.

Figure 1. Municipalities department of Tolima where the samples were obtained

Inthesample, men and women between the ages of 18 to 55 years were considered
(see table 1). With the following inclusion criteria: group of direct exposure
in series, minimum three years handling pesticides in series (use of several
pesticides during the cultivation process); Serial indirect exposure group, at least
three years living near agricultural areas where they use different pesticides,
but without direct manipulation of these substances and the unexposed group
does not live in agricultural areas, nor do they work with chemical substances.
Exclusion criteria included intoxication due to use of psychoactive substances,
diagnosis of a psychiatric or medical illness with drug use, and the presence of
neurodegenerative disorders.

In total, the samples consisted of 9.62 % (n = 40) of direct exposure in series,
agricultural workers with contact through dispersion, storage, cleaning of
equipment and waste; 34.81 % (n = 47) of indirect exposure in series and 35.55 %
(n = 48) not exposed to pesticides.
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m Table 1. Sociodemographic variables by group according
to degree of exposure to pesticides

Variables Not exposed éaﬁtfzg Exposed
Female 32 30 5
Sex
Male 16 17 35
Primary 9 18 25
Scholarship High school 27 25 I1
Others 12 4 4
Free Union 15 18 15
Single 24 19 I3
Marital status Widower 2 I I
Married 7 9 9
Divorced o o 2
Instruments

A work team in psychology participated in training for the application of
neuropsychological assessment. The tests are standardized in Colombia (Arango
& Rivera, 2015) and are the following:

Questionnaire of sociodemographic data, use of pesticides and medical
history:self-elaborated in which age, sex, education, marital status, affiliations to
social security, socioeconomic status, types of pesticides, spraying mechanisms,
medical and psychiatric history.

Mini-Mental State Examination (MMSE): an instrument for the evaluation of
mental state, designed by Folstein et al. (1975) and validated for the Colombian
population (Rosselli et al., 2000). The scale contains 11 items that allow the
evaluation of various functions such as orientation, the registration and
evocation of information, attention and calculation, recall, oral and written
language and constructive praxis. Reliability is 0.94 (cronbach’s alpha) and
Test-retest is 0.87 (cronbach’s alpha) (Blesa et al., 2001). MMSE is a widely used
psychometric screening scale (Ismail et al., 2009; Myrberg et al., 2020).
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Trail Making Test (TMT A and B): Form A assesses sustained visual attention,
speed, and visual tracking. Form B assesses alternating attention and mental
flexibility (executive functions). Its main qualification criterion is the execution
time (Drane et al., 2002). It is a test widely used to assess attentional capacity
and has normative data for the Colombian population with a reliability of 0.77
(cronbach’s alpha) for part A and 0.79 (cronbach’s alpha) for section B (Arango &
Rivera, 2015).

Rey-Osterrieth Complex Figure (Copy and memory): Evaluates
visuoconstructive skills, visual perception, visual memory and motor planning.
In the first part, the evaluated makes a copy of a complex figure with 36 elements,
after 3 minutes and interference exercises, the participant draws the figure
without havingitin sight (Rey, 1941). It has the normative data for the Colombian
population, with a reliability of 0.87 (cronbach’s alpha) (Arango & Rivera, 2015).

DigitRetention(WechslerIntelligence Scale for AdultsIV(WAIS-IV): Thistest
widelyused for assessing theintellectual abilities, and frequentlyincorporated as
standard components in diagnostic batteries for neuropsychological evaluations
(Lezak et al., 2004). This is a two-part attention and working memory task. The
direct version is considered a measure of the effectiveness of sustained verbal
attention. Inverse digit task involves mental tracking involving verbal processes
and working memory. In the first, the subject must repeat a sequence of numbers
in the same order presented and in the second, they must repeat the sequence in
reverse order to its presentation (Wechsler, 2012).

Digits and symbols test (SDMT). Evaluates divided attention, visual exploration
and tracking, perceptual and motor speed, and memory; this test involves
converting nonsensical geometric designs into written and spoken numerical
responses. Weighted reliability coefficient 0.79 (cronbach’s alpha) (Arango &
Rivera, 2015) and has 110 elements, is often used as a measure of information
processing speed (Berrigan et al., 2014).

Hopkins Verbal Learning Test (HVLT-R 2): Evaluates verbal learning and
memory, consists of presenting a list of 12 semantically related words divided
into three categories in three trials, the correct answers for each trial are
recorded. After 20 -25 minutes, the participant must mention the words that
remember from the initial list. The test has a weighted reliability coefficient of
0.68 (cronbach’s alpha) (Arango & Rivera, 2015). Different researchers (Chase
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Baileyetal., 2018; Diaz-Santos et al., 2019) have used the test to evaluate different
clinical and non-clinical samples.

Grooved Pegboard: This test values right hand (RH) and left hand (IM) visual-
motor coordination and speed. The examinee must insert 25 pegs into randomly
placed slotted holes that have a key along one side. The test is done first with the
righthand and then with the left. The scoreis obtained from the time and number
of hits. The test has been used in various neuropsychological test batteries, in
student laboratories, and as a screening technique in industrial settings (Merker
et al., 2017).

Process

This study has three phases: the first, the community leaders of the agricultural
municipalities convened and gathered the participants in the communal room
or school in the rural area, the researchers explained the objectives of the
study and the criteria for informed consent; the second phase, participants in
one session completed neuropsychological tests, the researchers applied the
tests to all participants in the same order (questionnaire of sociodemographic
data, Mini-Mental State Examination (MMSE), Hopkins Verbal Learning Test
(HVLT-R 2), Rey-Osterrieth Complex Figure (Copy and memory), Trail Making
Test (TMT A and B), Digit Retention (Wechsler Intelligence Scale for Adults IV
(WAIS-1V) and Digits and symbols test (SDMT)), lasting 40 to 50 minutes each,
and the third phase, the researchers delivered the test results per participant
and to the community.

Analysis of data

We used SPPS 25 software for statistical analysis of the study. The descriptive
analysis allowed determining the distribution, frequency and average of
sociodemographic variables and neuropsychological tests. We transformed
the variables to solve problems of asymmetry, heterogeneity of variance, non-
linearity and outliers using square root then we found the Pearson correlation
values and the variables with a correlation (r <-0.7 or> 0.7) were excluded to
avoid multicollinearity.

We applied a one-way multivariate analysis of variance (MANOVA, p <0.05) to
analyze the relationship between response variables (neuropsychological tests)
and a set of predictors (exposure groups), we used the Pillai Trace test due to size
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uneven of the groups. Then, the post-hoc comparison test was applied using HSD
Tukey. For these analyzes, we included the variables with normal distribution
and that met the MANOVA requirements (TMTA, SDMT, HVLT-R 2 total recall,
HVLT-R 2 delayed recall, and Grooved MI). Finally, the Mann-Whitney U test
(p <0.05) determined the significant differences between the data not normally
distributed.

Ethical considerations

This study followed the bioethical principles of autonomy, beneficence, non-
maleficence and justice. The ethics committee of the Universidad de Ibagué
approved the research protocol and informed consent. The researchers followed
ethical protocols. To collect the information, the participants attended a meeting,
were informed of the objectives of the research and the characteristics of their
participation. All participants agreed to participate voluntarily and signed
informed consent.

Results
Pesticide use habits

Of the group with direct exposure to pesticides, 44.9 % apply them weekly or
biweekly, 18.45 % every four or six months, 14.4 % monthly and 6.1% annually.
Of the 83 % are exposed to pesticides in series. 46.9 % use water as a solvent,
14.3 % use another pesticide, 8.2 % apply it pure. 87.7 % apply the pesticide by
ground sprinkler loaded by the operator and 8.2 % manually. The most widely
used pesticide is glyphosate 26.5 %, followed by Lorsban 16.3 %, Furadan 11.76 %,
Paraquat 6% and other agrochemicals with 26 % (see table 2).

W Table 2. Classification of agrochemicals used by the study sample

Pesticide Classification Toxicity category *

Glyphosate. Broad t

Roundup® ypaosate. broad spectriim II. Moderadamente toxico
herbicide
Broad t hosphat

Losrban® o road Spectitim organophosphate I1. Moderadamente toxico
insecticide

Furadan® Carbannate pesticide I. Extremely toxic

Paraquat® Broad spectrum herbicide I. Extremely toxic
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Pesticide Classification Toxicity category *

Paratiéon® Organophosphate pesticide I. Extremely toxic

Synthetic organosphosphate

Malatién® . ..
insecticide

II1. Moderately toxic

Amina® Selective herbicide. II. Highly toxic

“FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act).

Of the group of indirect or secondary exposure to pesticides, 63.23 % have
contact with the substance because they live in agricultural areas close to the
crops, but their principal economic activity does not depend on the field, 33 %
are housewives whom they wash clothes with traces of pesticides and 3.77 %

LA
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Neuropsychological performance

The MANOVA indicated that there are statistically significant differences in
cognitive ability by a group of direct and indirect exposure (table 3) (F (10, 258) =
3.421 p <.0005; Pillai trace = 0.234, partial n2 = 0.117, where the higher pesticide
exposure is related to lower cognitive scores on TMT A, SDMT, HVLT-R 2 total
recall, and Rey-Osterrieth-Recovery Complex Figure.

B Table 3. Average scores of cognitive tests with comparisons
between the different exposure groups
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Indirect
exposed
(n=47)

Not exposed
Cognitive (n=438)

Direct exposed
(n=40) Comparison

function Post-hoc

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

Cogniti
ogm‘ tve Minimental | 27,75 2,31 26,77 | 2,94 | 26,30 | 2,67 | <0,05 | NE>ED,EI
tracking
TMTA 51,88 | 19,85 | 63,06 | 29,91 | 68,05 | 28,07 | <0,05 NE< ED
TMTB 100,53 | 33,47 | 143,90 67,94 | 163,15 | 70,16 | <0,05 | NE<EIL ED
Attention
SDMT 38,60 | 13,86 | 30,35 | 11,42 | 23,53 | 11,95 | <0,05 | NE>EI ED
P i = >SICOLOGIA
rogirgeist?on 506 | 1,35 | 4,91 | 0,99 | 4,556 | 0,94 | 0,13 ND "DESDE ELCARIBE
Vol. 39(3):138-157,
Working Regression 2022
memory digits 3,65 1,02 3,28 1,24 3,05 0,80 | <0,05 | NE,EI>ED. ISSN 2011-7485
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Indirect
exposed
(n=47)

Not exposed
Cognitive (n=48)

Direct exposed
(n=40) Comparison

function Post-hoc

LA

HVLT-R
2 19,60 5,02 19,06 4,91 16,58 5,04 | <0,05 | NE, EI>ED
Total memory
Verbal
memory HVLT-R 2
Deferred 7,21 2,12 6,67 2,11 6,24 2,34 0,2 ND
memory
Rey-
Constructive Osterrieth
praxis Complex 27,96 | 7,00 | 2583 | 853 | 22,33 | 8,42 | <0,05 | NEEI>ED
Figure- Copy
Rey-
Visual Osterrieth- 149
memor Recovery 15,44 7,25 13,83 7,38 11,37 5,61 <0,05 NE>ED
y Complex
Figure
Fine motor Groveed RH | 70,35 | 12,57 | 76,39 | 17,07 | 81,38 | 16,90 | <0,05 | NE,EI<ED
control Grooved LH | 78,07 | 10,40 | 78,00 | 1558 | 79,78 | 13,83 | >0,05 ND

*RH: right hand; LH: left hand; NE: Not exposed; ED: Direct exposed; EI: Indirect exposed; ND: No differences
between groups.

Puerta Cortés, José Luis Poveda Cuellar

We found statistically significant differences in scores referred to Minimental
(H = 9.03, p <0.05), TMT B (H = 31.8, p <0.005), digits in regression (H = 7.32; p
<0.05), Rey-Osterrieth-Copia Complex Figure (H = 11.99; p <0.005), and in the
right hand Grooved test (H = 11.04; p <0.005). The digit tests in progression and
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Post-hoc comparisons showed that the direct exposure group presented a lower
performance in the regression digit tests, total recall, Rey-Osterrieth-Copia and
Grooved MD Complex Figure than the indirectly exposed and unexposed groups.

On the other hand, the higher performance was observed in the unexposed
group in the Minimental, TMTB and SDMT tests compared to the exposed group
(indirect-direct). These results suggest that the group exposed directly and

series presents a lower performance in the processes of selective alternating IeOLOGIA
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Discussion

This study is the first to be carried out in Colombia to evaluate the cognitive
performance of farmers in rural areas of the Department of Tolima, from the
discipline of neuropsychology. Our results show that there is a negative effect of
pesticides on cognitive performance in people directly and indirectly exposed.
Some studies show similar findings (Farahat et al., 2003; Rothlein et al., 2006;
Khan et al., 2014; Ismail et al., 2017; Munoz-Quezada et al., 2016; Sankoh et al.,
2016; Ismail et al., 2017; Anger et al., 2020). However, they correspond mostly to
the use of organophosphate pesticides.

Due to the requirements in the different phases of the crop and their rotation,
the farmers in the sample used pesticides in series, among the most frequent
are: Roundup®, Lorsban® Furadan® and Paraquat® Roundup®, also known as
glyphosate is a broad-spectrum herbicide; Lorsban® is an insecticide from
the group of organophosphates, Furadan® is an Insecticide-nematicide and
Paraquat®isaherbicide. All these pesticides pose risks to human health (Agostini
et al., 2020; Zyoud, 2018).

According to the results related to the attention processes evaluated through the
visual channel, we identified differences in divided, alternating and selective
attention, the lower performance was found in people exposed directly and
indirectly (Malekirad et al., 2013; Starks et al., 2012, Jamal et al., 2016; Taghavian,
et al., 2016; Jokanovi¢ (2018). This result is related to what was stated by Zhang
et al. (2021) who identified that organophosphates cause cognitive impairment,
characterized by decreased attention or vigilance and reduced information
processing speed. Therefore, the attention is a basic process for general cognitive
functioning, its deterioration affects the ability of farmers to focus and alternate
their attention towards stimuli that are relevant to the execution of tasks.

Ross et al. (2012) show that pesticides affect working memory. Result consistent
with that reported by Dassanayake et al. (2020), where the group of direct
exposure to organophosphate pesticides presented a significantly lower
performance. Working memory is essential for the execution of daily activities
that involve maintaining information while an operation is carried out. Also,
in verbal and visual memory, the group with direct exposure presents a lower
performance (Meyer-Baron et al., 2015). However, in the test, there are only
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differences in the variable that assesses the recording of verbal information and
not in the delayed or long-term recall.

In contrast to the previous findings, we did not identify differences in the
processes of auditory selective attention and delayed recall between the groups.
However, Berent et al. (2014) and Corral et al. (2017) found lower performance
in these functions. Although the results are not conclusive, Kamel and Hoppin
(2004) establish that pesticide damage can be diffuse and not focal.

Regarding praxis, we found that the group with direct exposure to pesticides
presented a lower performance in the Rey figure test (TFR), which indicates
failures in constructive praxis. Roldan-Tapia et al. (2005) and Roldan-Tapia et
al. (2006) reported that TFR is sensitive to cognitive impairment induced by
exposure to pesticides. However, we did not identify differences between the
unexposed and indirectly exposed groups, possibly because it requires high
cumulative exposure to pesticides to generate a decrease in praxis function.

About fine motor control, we found differences between the groups in the score
of the right hand but not the left, suggesting less dominance in activities that
involve hand-eye coordination. However, the results may be linked to lateral
dominance and not to the effect of pesticides. Therefore, we suggest caution
when generalizing these findings.

In conclusion, pesticides have a cumulative effect on health and lead to lower
cognitive and motor performance. Neuropsychological disorders depend on the
type of exposure, the more a person is exposed to serial pesticides without any
protection, the greater the risk. Therefore, we consider it important to generate
best practices through prevention and promotion programs for agricultural
workers and their families. This study is of interest to leaders in the formulation
of public politics in health and labour, given the harmful potential of pesticides
for the health of small farmers in the informal sector.

As limitations we identified the following: the participants presented different
times of exposure to pesticides in series, so we were unable to make comparisons
between the groups; the sample size is small therefore we recommend being
cautious in generalizing the results. Despite the above, some methodological
aspects of the present study contributed to the validity and reliability of the data,
the rigour in the inclusion criteria to the sample and the MMSE screening test,
allowed us to refine some variables (medical, psychiatric and neuropsychological
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disorders)that affected test performance.To collect the data,we carried outa prior
and rigorous training of the neuropsychological tests, as well as the application
of the tests in the same order for all participants and we controlled for external
variables that could interfere with performance at the time of evaluation.

For future studies, we recommend expanding the sample following the criteria of
rigorous selection, conducting studies with a longitudinal design of all cognitive
domains. We also propose the use of biomarkers, as well as investigating the
effects of pesticides on children and expectant mothers, a population that has
been little studied and lives close to crops.

ACKNOWLEDGEMENT

The authors thank the Universidad de Ibagué in Colombia, for financing the
project code 18-559INT. To professor Olimpo Garcia, to the members of the
NeuroTech research seedbed, to the community leaders and inhabitants of the
municipalities for their contribution to the development of the study.

CONFLICT OF INTERESTS
The authors declare that they have no conflicts of interest.

Referencias

Abubakar, Y., Tijjani,H., Egbuna, C., Adetunji, C. O., & Patrick-Iwuanyanwu, K. C.
(2020). Pesticides, History, and Classification. Natural Remedies for Pest, Disease
and Weed Control, 29-42. https://doi.org/10.1016/B978-0-12-819304-4.00003-8.

Anger, WK., Farahat, F. M., Lein, PJ., Lasarev, M. R., Olson, J.R., Farahat, T. M., &
Rohlman, D.S. (2020). Magnitude of Behavioral Deficits Varies with Job-
Related Chlorpyrifos Exposure Levels among Egyptian Pesticide Workers.
Neurotoxicology, 77, 216-230. https://d0i:10.1016/j.neuro.2020.01.012.

Agostini, L.P., Dettogni, R.S., dos Reis, R.S., Stur, E., dos Santos, EVW., Ventorim, D.
P., Garcia, F. M., Cardoso, R, C., Graceli, . B., & Louro, I. D. (2020). Effects of
glyphosate exposure on human health: Insights from epidemiological and in
vitro studies. Science of The Total Environment, 705, 135808. https://doi:10.1016/j.
scitotenv.2019.135808.

Agronet (2020). Estadisticas agropecuarias. https://www.agronet.gov.co/estadistica/
Paginas/home.aspx.

Ardila, A. & Roselli, M. (2019). Neuropsicologia Clinica. Manual Moderno. https://
colombia.manualmoderno.com/catalogo/neuropsicologia-clini
€a-9786074488074-97860744881%5.html.

LA

152

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

= >SICOLOGIA
SDESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


https://doi.org/10.1016/B978-0-12-819304-4.00003-8
https://doi:10.1016/j.neuro.2020.01.012
https://doi:10.1016/j.scitotenv.2019.135808
https://doi:10.1016/j.scitotenv.2019.135808
about:blank
about:blank
https://colombia.manualmoderno.com/catalogo/neuropsicologia-clinica-9786074488074-9786074488135.html
https://colombia.manualmoderno.com/catalogo/neuropsicologia-clinica-9786074488074-9786074488135.html
https://colombia.manualmoderno.com/catalogo/neuropsicologia-clinica-9786074488074-9786074488135.html

Arango, J.C. & Rivera, D. (2015). Neuropsicologia en Colombia: Datos normativos, estado
actual y retos a futuro. Manizales: Universidad Autonoma de Manizales. https://
editorial.autonoma.edu.co/index.php/libros/catalog/book/35.

Berent, S., Giordani, B., Albers, ]W., Garabrant, D.H., Cohen, S.S., Garrison, R.P., &
Richardson, R.J. (2014). Effects of occupational exposure to chlorpyrifos on
neuropsychological function: A prospective longitudinal study. NeuroToxicology,
41, 44-53. https://doi.org/10.1016/j.neuro.2013.12.010.

Berrigan, L., Fisk, J., Walker, L., Wojtowicz, M., Rees, L., Freedman, M., & Marrie R.
(2014). Reliability of regression-based normative data for the oral symbol digit
modalities test: an evaluation of demographic influences, construct validity,
and impairment classification rates in multiple sclerosis samples. The Clinical
Neuropsychologist, 28(2):281-299. https://d0i:10.1080/13854046.2013.871337.

Blanc-Lapierre, A., Bouvier, G., Gruber, A., Leffondré, K., Lebailly, P., Fabrigoule
C., & Baldi, I. (2013). Cognitive Disorders and Occupational Exposure to
Organophosphates: Results From the PHYTONER Study. American Journal of
Epidemiology, 177 (10), 1086-1096. https://doi:10.1093/aje/kws346.

Blesa, R. (2001). Clinical Validity of the “Mini-Mental State” for spanish speaking
communities. Neuropsychologia, 1150-1157. https://doi.org/10.1016/S0028-
3932(0I1)00055-0

Chase Bailey, K., Soble, J., Bain, K., & Fullen, C. (2018). Pruebas de validez de desempeno
integradas en la Prueba de aprendizaje verbal de Hopkins - Revisada y Prueba
breve de memoria visuoespacial - Revisada: Un estudio de replicacion. Archives
of Clinical Neuropsychology, 33(7), 895-900. https://doi.org/10.1093/arclin/acxI11.

Corral, S.A., De Angel, V., Salas, N., Zuniga-Venegas, L., Gaspar, P.A., & Pancetti, F.
(2017). Cognitive impairment in agricultural workers and nearby residents
exposed to pesticides in the Coquimbo Region of Chile. Neurotoxicology and
Teratology, 62, 13-19. https://d0i:10.1016/j.ntt.2017.05.003.

Dassanayake, T., Weerasinghe, V., Gawarammana, I. & Buckley, N. (2021). Subacute
and chronic neuropsychological sequalae of acute organophosphate pesticide
self-poisoning: a prospective cohort study from Sri Lanka. Clinical Toxicology,
59(2), 118-130. https://doi.org/10.1080/15563650.2020.1778719.

Diaz-Santos, M., Suarez, P., Marquine, M., Rivera, M., Artiola, i Fortuny, L., Heaton, R.,
& Cherner, M. (2019). Updated Demographically Adjusted Norms for the Brief
Visuospatial Memory Test-Revised and Hopkins Verbal Learning Test-Revised
in Monolingual Spanish Speakers from the United States — Mexico Border
Region. Archives of Clinical Neuropsychology, 34(7), 1250. https://doi.org/10.1093/
arclin/aczo29.17.

Drane D., Yuspeh, R., Huthwaite, J., & Klingler, L. (2002). Demographic characteristics
and normative observations for derived-trail making test indices.
Neuropsychiatry, neuropsychology, and behavioral neurology, 15(1), 39-43. https://
pubmed.ncbi.nlm.nih.gov/11877550/.

Farahat, T., Abdelrasoul, G., Amr, M., Shebl, M., Farahat, F., & Ange, W. (2003).
Neurobehavioural effects among workers occupationally exposed to

LA

—
U
(9}

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

= >SICOLOGIA
SDESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


https://editorial.autonoma.edu.co/index.php/libros/catalog/book/35
https://editorial.autonoma.edu.co/index.php/libros/catalog/book/35
https://doi.org/10.1016/j.neuro.2013.12.010
https://doi:10.1080/13854046.2013.871337
https://doi:10.1093/aje/kws346
https://doi.org/10.1016/S0028-3932(01)00055-0
https://doi.org/10.1016/S0028-3932(01)00055-0
https://doi.org/10.1093/arclin/acx111
https://doi:10.1016/j.ntt.2017.05.003
https://doi.org/10.1080/15563650.2020.1778719
https://doi.org/10.1093/arclin/acz029.17
https://doi.org/10.1093/arclin/acz029.17
https://pubmed.ncbi.nlm.nih.gov/11877550/
https://pubmed.ncbi.nlm.nih.gov/11877550/

organophosphorous pesticides. Occupational and Environmental Medicine, 60,
279-286. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1740510/.

Federal Insecticide, Fungicide, and Rodenticide Act (2019). Pesticides and Public Health.
Recuperado de: https://www.epa.gov/pesticides/pesticides-and-public-health.

Folstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician”. Journal of
psychiatricresearch, 12 (13),189-198. https://doi.org/10.1016/0022-3956(75)90026-
6.

Harris, J., Echemendia, R., Ardila, A., & Rosselli, M. (2001). Cross-Cultural Cognitive
and Neuropsychological Assessment. Handbook of Psychoeducational Assessment,
391-414. https:/www.sciencedirect.com/book/9780120585700/handbook-of-
psychoeducational-assessment

Hernandez,].,Contreras, E., & Zuluaga, S.(2008). Intoxicacion por paraquat: descripcion
de un caso clinico. Acta toxicoldgica argentina, 16 (1), 5-8. http://www.scielo.org.ar/
scielo.php?script=sci_arttext&pid=S1851-37432008000100002

Ismail, A.A., Bonner, M.R., Hendy, O., Rasoul, G.A., Wang, K., Olson, J.R., & Rohlman,
D.S., (2017). Comparison of neurological health outcomes between two
adolescent cohorts exposed to pesticides in Egypt. PloS One,12, 1-13. https://doi.
org/10.1371/journal. pone.o172696

Ismail, Z., Rajji, T. K., & Schulman, K. I. (2009). Brief cognitive screening instruments:
An update. International Journal of Geriatric Psychiatry, 25(2), 111-120. https://doi.
0rg/10.1002/gps.2306.

Ismail, A.A., Wang, K., Olson, ].R., Bonner, M.R., Hendy, O., Rasoul, G. A., & Rohlman,
D.S. (2017). The impact of repeated organophosphorus pesticide exposure
on biomarkers and neurobehavioral outcomes among adolescent pesticide
applicators. Journal of Toxicology and Environmental Health, 80 (10-12), 542-555.
https://doi:10.1080/15287394.2017.1362612.

Jamal, F., Quazi, S., Haque, Q.S., & Singh, S., (2016). Interrelation of glycemic status and
neuropsychiatric disturbances in farmers with organophosphorus pesticide
toxicity. Open Biochemistry Journal, 10, 27-34. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5041135/.

Jiménez, D., Delerce, S., Dorado, H., Cock, J., Mufioz, L.A., Agamez, A., & Jarvis, A.
(2019). Ascalable scheme to implement data-driven agriculture for small-scale
farmers. Global Food Security, 23, 256-266. https://d0i:10.1016/j.gfs.2019.08.004.

Jiménez-Quintero, C.A., Pantoja-Estrada, A., & Leonel H.F. (2016). Riesgos en la salud de
agricultores por uso y manejo de plaguicidas, microcuenca “la pila”. Universidad
y Salud, 18 (3), 417-431. http://dx.doi.org/10.22267/rus.161803.48.

Jokanovi¢, M. (2018). Neurotoxic effects of organophosphorus pesticides and possible
associationwith neurodegenerative diseasesin man: AreviewMilan Toxicology.
Toxicology. 410, 125-131. https://doi.org/10.1016/j.tox.2018.09.009.

Kamel, F. & Hoppin, J.A. (2004). Association of pesticide exposure with neurologic dys-
function and disease. Environmental Health Perspectives, 112 (9), 950-958. https://
doi:10.1289/ehp.7135.

LA

154

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

= >SICOLOGIA
SDESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1740510/
https://www.epa.gov/pesticides/pesticides-and-public-health
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://www.sciencedirect.com/book/9780120585700/handbook-of-psychoeducational-assessment
https://www.sciencedirect.com/book/9780120585700/handbook-of-psychoeducational-assessment
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-37432008000100002
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-37432008000100002
https://doi.org/10.1371/journal.%20pone.0172696
https://doi.org/10.1371/journal.%20pone.0172696
https://doi.org/10.1002/gps.2306
https://doi.org/10.1002/gps.2306
https://doi:10.1080/15287394.2017.1362612
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5041135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5041135/
https://doi:10.1016/j.gfs.2019.08.004
http://dx.doi.org/10.22267/rus.161803.48
https://www.sciencedirect.com/science/journal/0300483X
https://www.sciencedirect.com/science/journal/0300483X
https://doi.org/10.1016/j.tox.2018.09.009
https://doi:10.1289/ehp.7135
https://doi:10.1289/ehp.7135

Khan, K., Ismail, A.A., Abdel Rasoul, G., Bonner, M. R., Lasarev, M.R., Hendy, O.,
Al-Batanony, M., Crane, A.L., Singleton, S.T., Olson, J. R., & Rohlman, D.S.
(2014). Longitudinal assessment of chlorpyrifos exposure and self-reported
neurological symptoms in adolescent pesticide applicators. BMJ Open, 4 (3),
€004177. https://doi:10.1136/bmjopen-2013- 004177.

Lezak, M., Howieson, D., & Loring, D. (2004). Neuropsychological assessment.
Oxford  University  Press.  https://global.oup.com/academic/product/
neuropsychological-assessment-97801953955257?cc=us&lang=en&.

Lopez, K., Pinedo, C., & Zambrano, M. (2015). Practicas de Salud Ocupacional y niveles
de biomarcadores séricos en aplicadores de plaguicidas de cultivos de arroz
en Natagaima-Tolima, Colombia. Revista de Toxicologia, 32 (2), 102-106. https://
www.redalyc.org/pdf/919/91942717005.pdf.

Mackenzie Ross, S.J., Brewin, C.R., Curran, HV., Furlong, C.E., Abraham-Smith, K.M.,
& Harrison, V. (2010). Neuropsychological and psychiatric functioning in sheep
farmers exposed to low levels of organophosphate pesticides. Neurotoxicology
and Teratology, 32 (4), 452-459. https://doi:10.1016/j.ntt.2010.03.004.

Malekirad, A.A., Faghih, M., Mirabdollahi, M., Kiani, M., Fathi, A., & Abdollahi, M.
(2013). Neurocognitive, mental health, and glucose disorders in farmers
exposed to organophosphorus pesticides. Archives of Industrial Hygiene and
Toxicology, 64 (1), 1-8. https://badge.dimensions.ai/details/d0i/10.2478/10004-
1254-64-2013-22967domain=https://sciendo.com.

Mehrabi, Z., Jiménez, D., & Jarvis, A. (2018). Democratize access to digital agronomy
Nature, 555. https://www.cheric.org/research/tech/periodicals/view.
php?seq=1631625

Merker, B., Podell, K., & Wingate, M. (2017). Grooved Pegboard Test. In: ]. Kreutzer,
J. DeLuca, B. Caplan (Eds.), Encyclopedia of Clinical Neuropsychology.
Springer, Cham. https:/link.springer.com/referenceworkentry/10.1007%
2F978-0-387-79948-3_187.

Meyer-Baron, M., Knapp, G., Schiper, M., & van Thriel, C. (2015). Meta-analysis
on occupational exposure to pesticides — Neurobehavioral impact and
dose-response relationships. Environmental Research, 136, 234-245. https:/
doi:10.1016/j.envres.2014.09.030.

Myrberg, K., Hydén, L., & Samuelsson, C. (2020). The mini-mental state examination
(MMSE) from a language perspective: an analysis of test interaction. Clinical
Linguistics & Phonetics, 34 (7), 652-670. https://doi:10.1080/02699206.2019.1687
757

Mufoz-Quezada, M.T., Lucero, B., Iglesias, V., Munoz, M.P., Achu, E., Cornejo, C.,
Concha, C., Grillo, A., & Brito, A.M. (2016). Plaguicidas organofosforados y
efecto neuropsicoldgico y motor en la Region del Maule, Chile. Gaceta Sanitaria,
30 (3), 227-231. https://dx.doi.org/10.1016/j.gaceta.2016.01.006.

Naughton, S.X. & Terry, AV.(2018). Neurotoxicityin acute and repeated organophosphate
exposure. Toxicology, 408, 101-112. https://d0i:10.1016/j.t0x.2018.08.011.

LA

155

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

= >SICOLOGIA
SDESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


https://doi:10.1136/bmjopen-2013-%20004177
https://global.oup.com/academic/product/neuropsychological-assessment-9780195395525?cc=us&lang=en&
https://global.oup.com/academic/product/neuropsychological-assessment-9780195395525?cc=us&lang=en&
https://www.redalyc.org/pdf/919/91942717005.pdf
https://www.redalyc.org/pdf/919/91942717005.pdf
https://doi:10.1016/j.ntt.2010.03.004
https://badge.dimensions.ai/details/doi/10.2478/10004-1254-64-2013-2296?domain=https://sciendo.com
https://badge.dimensions.ai/details/doi/10.2478/10004-1254-64-2013-2296?domain=https://sciendo.com
https://www.cheric.org/research/tech/periodicals/view.php?seq=1631625
https://www.cheric.org/research/tech/periodicals/view.php?seq=1631625
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-79948-3_187
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-79948-3_187
https://doi:10.1016/j.envres.2014.09.030
https://doi:10.1016/j.envres.2014.09.030
https://doi:10.1080/02699206.2019.1687757
https://doi:10.1080/02699206.2019.1687757
https://dx.doi.org/10.1016/j.gaceta.2016.01.006
https://doi:10.1016/j.tox.2018.08.011

Norton, R. D. (2017). Cap 10 Colombia: Crop Competitiveness by Region Evaluated
via Tracks 1 and 2. The Competitiveness of Tropical Agriculture A Guide to
Competitive Potential with Case Studies. Estados Unidos Press Academic: https://
www.elsevier.com/books/the-competitiveness-of-tropical-agriculture/
norton/978-0-12-805312-6.

Ramirez-Botero, A. & Pachajoa, H. (2016). Syndromic microphthalmia-3 caused by a
mutation on gene SOX2 in a Colombian male patient. Congenital Anomalies, 56,
250-252. https://doi.org/10.1111/cga.12170.

Rey,A.(1941).Lexamenpsychologiquedanslescasd’encéphalopathietraumatique.Archives
of Psychology, 28, 286-340. https://psycnet.apa.org/record/1943-03814-00I.

Rolddn-Tapia, L., Nieto-Escamez, F.A., del Aguila, E.M., Laynez, F., Parron, T.,
& Sanchez-Santed, F. (2006). Neuropsychological Sequelae From Acute
Poisoning and Long-Term Exposure to Carbamate and Organophosphate
Pesticides. Neurotoxicology and Teratology, 28 (6), 694-703. https://doi:10.1016/j.
ntt.2006.07.004.

Roldan-Tapia, L., Parrén, T., & Sanchez-Santed, F. (2005). Neuropsychological Effects
of Long-Term Exposure to Organophosphate Pesticides. Neurotoxicology and
Teratology, 27 (2), 259-66. https://d0i:10.1016/j.ntt.2004.12.002.

Rosselli, D., Ardila, A., Pradilla, G., Morillo, L., Bautista, L., Rey, O., & Camacho, M.
(2000). El examen mental abreviado, Mini-Mental State Examination, como
prueba de seleccion para el diagndstico de demencia: estudio poblacional
colombiano. Revista de Neurologia, 30 (5), 428-432. https://doi.org/10.33588/
rn.3005.99125.

Ross, S.M., McManus, I.C., Harrison, V., & Mason, O. (2012). Neurobehavioral problems
following low-level exposure to organophosphate pesticides: a systematic and
meta-analytic review. Critical Reviews in Toxicology, 43 (1), 21-44. https://doi:10.3
109/10408444.2012.738645.

Rothlein, J., Rohlman, D., Lasarev, M., Phillips, J., Muniz, J., & McCauley, L. (2006).
Organophosphate pesticide exposure and neurobehavioral performance
in agricultural and nonagricultural Hispanic workers. Environmental Health
Perspectives, 114 (5), 691-6. https://doi.org/10.1289/ehp.8182.

Sankoh, A.L,, Whittle, R., Semple, K.T., Jones, K.C., & Sweetman, A.J. (2016). An
assessment of the impacts of pesticide use on the environment and health
of rice farmers in Sierra Leone. Environment International, 94, 458-466. https://
doi:10.1016/j.envint.2016.05.03 4.

Starks, S.E., Gerr, F., Kamel, F., Lynch, C.F., Jones, M.P., Alavanja, M. C., Sandler, E.
P., & Hoppin, J.A. (2012). Neurobehavioral function and organophosphate
insecticide use among pesticide applicators in the Agricultural Health Study.
Neurotoxicology and Teratology, 34 (1),168-176. https://doi:10.1016/j.ntt.2011.08.014.

Taghavian, F., Vaezi, G., Abdollahi, M., Malekirad, A.A., 2016. A comparative study
of the quality of life, depression, anxiety and stress in farmers exposed to
organophosphate pesticides with those in a control group. Journal of Chemical
Health Risks, 6 (2), 143-151. http://www.jchr.org/article_544139.html.

LA

—
U
(@)

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

Errect oF PesTicioes oN CoGNiTIVE AND MoTOR PERFORMANCE

= >SICOLOGIA
SDESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


https://www.elsevier.com/books/the-competitiveness-of-tropical-agriculture/norton/978-0-12-805312-6
https://www.elsevier.com/books/the-competitiveness-of-tropical-agriculture/norton/978-0-12-805312-6
https://www.elsevier.com/books/the-competitiveness-of-tropical-agriculture/norton/978-0-12-805312-6
https://doi.org/10.1111/cga.12170
https://psycnet.apa.org/record/1943-03814-001
https://doi:10.1016/j.ntt.2006.07.004
https://doi:10.1016/j.ntt.2006.07.004
https://doi:10.1016/j.ntt.2004.12.002
https://doi.org/10.33588/rn.3005.99125
https://doi.org/10.33588/rn.3005.99125
https://doi:10.3109/10408444.2012.738645
https://doi:10.3109/10408444.2012.738645
https://doi.org/10.1289/ehp.8182
https://doi:10.1016/j.envint.2016.05.034
https://doi:10.1016/j.envint.2016.05.034
https://doi:10.1016/j.ntt.2011.08.014
http://www.jchr.org/article_544139.html

Varona, M., Henao, G., Lancheros, A., Murcia, A., Diaz, S., & de Segurado, P. (2017).
Factores de exposicion a plaguicidas organofosforados y carbamatos en el
departamento del Putumayo. Biomédica, 27 (3), 400-409. https://doi:10.7705/
biomedicav27i3.202

Varona, M., & Idrovo, A. J. (2016). Determinantes sociales de la intoxicacién por
plaguicidas entre cultivadores de arroz en Colombia. Revista de Salud Publica, 18
(4), 617. https://doi.org/10.15446/rsap.vi8n4.5261

Wechsler, D. (2012). Escala de inteligencia de Wechsler para adultos IV (WAIS-IV).
Pearson.

Zhang, H. Y., Wang, C., & Li, H. S. (2021). Zhonghua lao dong wei sheng zhi ye bing
za zhi = Zhonghua laodong weisheng zhiyebing zazhi. Chinese journal of
industrial hygiene and occupational diseases, 39(4), 313-316. https:/journals.
indexcopernicus.com/search/details ?id=36151

Zyoud, S. H. (2018). Investigating global trends in paraquat intoxication research from
1962 to 2015 using bibliometric analysis. American Journal of Industrial Medicine,
61(6), 462-470. https://doi:10.1002/ajim.22835

LA

157

Puerta Cortés, José Luis Poveda Cuellar

IN INHABITANTS OF RURAL AREAS OF ToLIMA
Katherine Prado Guzmdn, Diana Ximena

L
[
=
<
=
o=
o
[
o=
[
[~
o=
(=]
—
(=]
[=]
=
=<
o]
=
—
=
[1-]
o
P
=
o
(%)
]
[=]
[
—
(%)
[
[~
[T
o
—
(=1
]
.
[
[N S}

DJ=rsicoLocin
//=5DESDE ELCARIBE

Vol. 39(3):138-157,
2022

ISSN 2011-7485
(on line)


http://www.scielo.org.co/scielo.php?script=sci_serial&pid=0120-4157&lng=en&nrm=iso
http://www.scielo.org.co/scielo.php?script=sci_serial&pid=0120-4157&lng=en&nrm=iso
https://doi:10.7705/biomedica.v27i3.202
https://doi:10.7705/biomedica.v27i3.202
https://doi.org/10.15446/rsap.v18n4.5261
https://journals.indexcopernicus.com/search/details?id=36151
https://journals.indexcopernicus.com/search/details?id=36151
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zyoud%2C+Sa%27ed+H
https://doi:10.1002/ajim.22835

	_GoBack
	_heading=h.30j0zll

