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ABSTRACT

Pesticides, which are widely used in tropical areas for controlling disease vectors, require 
the services of urban pest control operators (fumigators). Pesticide use and handling 
policies and regulations mostly relate to agricultural uses, not to urban pest control 
purposes. Our objectives included investigating use patterns, pesticide management 
practices, knowledge on related policies in urban pesticide applicators of southeastern 
Mexico, and comparing butyrylcholinesterase (BuChE) activity in this group with 
individuals non-occupationally exposed to pesticides. We conducted a cross-sectional 
study where all participants were males. The exposed group was integrated by 27 
urban pest control operators and the non-exposed group by 26 non-sprayer subjects. 
A structured questionnaire was applied to participants and BuChE activity in serum 
was determined. Urban pest control operators had been working with pesticides for 
1-17 years, mostly during summer; 67 % did not use personal protection equipment. 
Eighteen active ingredients were employed as pesticides; chemical groups included 
pyrethroids (PYR), organophosphates (OP), coumarins, phenylpyrazoles, carbamates 
(CAR), chloronicotinyls, and amides. Policy knowledge and application were reported 
in only 30 % of the fumigators. BuChE activity (U/L) was similar between groups: 
9837.95 ± 1844.46 U/L in urban pest control vs. 10 414.81 ± 1558.42 U/L for the 
non-sprayer group. We suggest the inclusion of additional biomarkers in the evalua-
tion of occupational exposure to pesticides, because currently only OPs and CARs are 
considered, while fumigators are exposed to many other pesticides. Urban pesticide 
applicators lacked knowledge regarding pesticide management and application policies, 
hence the need for educational courses for workers and updating regulations.

Palabras clave: regulaciones, fumigadores urbanos, actividad de butirilcolinesterasa 
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RESUMEN

Los plaguicidas son ampliamente utilizados en zonas tropicales para el control de vectores 
de enfermedades, por tanto se requiere el servicio de aplicadores urbanos (fumigadores). 
Las políticas y regulaciones para el uso y manejo de plaguicidas están principalmente rela-
cionadas con su uso agrícola y no con su empleo para el control de plagas urbanas. Nuestro 
objetivo fue conocer los patrones de su uso, las prácticas para el manejo de plaguicidas y 
el conocimiento de las políticas relacionadas por parte de aplicadores urbanos del sureste 
de México. Se realizó un estudio transversal en el que el grupo expuesto estuvo integrado 
por 27 aplicadores y el grupo no expuesto por 26 sujetos sin exposición ocupacional a 
plaguicidas. Se aplicó un cuestionario estructurado a los participantes y se determinó la 
actividad de butirilcolinesterasa (BuChE, por sus siglas en inglés). Los sujetos del grupo 
expuesto habían trabajado de 1 a 17 años como fumigadores, mayormente durante el 
verano, y 67 % no utilizó equipo de protección personal durante sus actividades. Se utilizó 
un total de 18 ingredientes activos como plaguicidas, de los siguientes grupos: piretroides 
(PYR), organofosforados (OP), cumarinas, fenilpirazoles, carbamatos (CAR), cloro-
nicotinilos y amidas. El conocimiento y aplicación de políticas se reportó sólo en 30 % 
de los fumigadores urbanos. La actividad de BuChE fue similar entre grupos (9837.95 
± 1844.46 U/L en fumigadores y 10 414.81 ± 1558.42 U/L en sujetos no expuestos). Se 
sugiere la inclusión de marcadores biológicos adicionales en la evaluación de la exposición 
ocupacional a plaguicidas, dado que los actuales sólo consideran la presencia de OP y 
CAR, pero los aplicadores están expuestos a otros tipos de plaguicidas. Se concluye que 
se requiere educar a los trabajadores y actualizar la regulación existente.

INTRODUCTION

Environmental pollution has always existed, as it 
is inherent to human activities. However, in recent 
years the topic has received increasing attention 
because the frequency and severity of pollution prob-
lems have increased worldwide, and there is growing 
evidence of its adverse effects on the environment 
and public health. As a result, international treaties, 
conventions, and agreements have been established 
to regulate and control the use of many contaminat-
ing substances, including pesticides (Albert 2004). 
However, in developing countries like Mexico, 
observing the regulations on pesticides represents a 
challenge due to social, political, and economic issues 
(Romero-Lankao 1999). Mexico takes part in several 
conventions that deal with problems generated by the 
presence of toxic residues, including the Stockholm 
Convention on Persistent Organic Pollutants, the 
Rotterdam Convention, the Basel Convention, the 
Montreal Protocol, and the International Code of 
Conduct on the Distribution and Use of Pesticides. 
The documents emerging from these conventions 
aim towards the regulation of the trade and use of 
hazardous products. Nationwide, formulation activi-
ties, manufacturing, application, and trading of pesti-
cides are regulated by the Comisión Intersecretarial 
para el Control del Proceso y Uso de Plaguicidas y 
Sustancias Tóxicas (Inter-Secretariat Commission 

for the Control of Processes and Use of Pesticides, 
Fertilizers, and Toxic Substances, CICOPLAF-
EST), comprising institutions such as COFEPRIS, 
SEMARNAT, SAGARPA, SS, and STPS (Cortinas 
2004). However, these institutions only regulate the 
use of pesticides for agricultural purposes, but their 
urban application is not clearly defined. 

Pesticides in urban areas are utilized for plague 
control or for public health programs. They have 
contributed to the control of vector-borne diseases 
such as dengue, chikungunya, zika, rickettsiosis, 
and Chagas disease, among others, which are highly 
prevalent in southeastern Mexico due to climatic fac-
tors. In the period between 2015 and 2016, Yucatan 
was the eighth highest state in cases of dengue (9946 
probable and 841 confirmed) (SSA 2015). Fumiga-
tion programs have increased due to this outbreak; as 
a result, the use of pesticides has also expanded. In 
contrast, to our knowledge, no new laws or regula-
tions have been issued on pesticides for urban use, 
as would be expected in response to their growing 
use (Cortinas 2004). When pest control programs do 
not cover the demand, urban pest-control companies 
are used. An urban pest control operator (UPCO) is 
a professional —often a private operator— who car-
ries out control of nuisance pests and other pests of 
public health importance at the request of a client, 
for example in and around the houses, offices, ware-
house, stockroom, storage and hospitals (FDA 2009).
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Appropriate use of pesticides requires consid-
ering good practices and integrated pest control, 
which allows reducing risks for human health and 
the environment (OMS 1990). Simultaneously, the 
rise in the use of pesticides has led to an increase in 
intoxications and associated diseases. Accordingly 
to data gathered by the World Health Organization 
(WHO), each year approximately two million persons 
become intoxicated with pesticides, and between 
2000 and 5000 of these die. At least 50 % of the 
intoxicated individuals and 75 % of those who die 
are farm workers (Eddleston et al. 2002).

The effects of pesticides in an exposed population 
depend on the type of molecule, dose, and route and 
time of exposure, as well as individual susceptibil-
ity. Little is known about the exposure scenario of 
urban pest control operators (fumigators); Aldana et 
al. (2003) observed significant differences in semen 
liquefaction time, viscosity, and motility, as well as 
reduced viability and low sperm concentration in 
urban applicators from northern Mexico with respect 
to the control group. Additionally, Mendívil et al. 
(2004) found alterations in sperm motility, viability, 
and concentration in pest control workers of Sonora, 
Mexico. 

In Mexico, 260 brands of pesticides are in use: 34 
of these are banned and 13 are restricted; moreover, 
among the 90 pesticide types banned in the USA, 
30 are being produced in Mexico. González-Arias 
et al. (2010) reported that the most used and sold 
pesticides in Nayarit are organophosphates (OP), 
followed by pirethroids (PYR), carbamates (CAR), 
and organochlorines (OCP); among these, we can find 
pentachlorophenol, which is prohibited in Mexico 
due to its extreme toxicity (INIFAP 2011).

In Yucatan, there have been reports of adverse 
effects related with pesticide exposure on public 
health in agricultural-based communities. Among 
the effects related to exposure, we can find acute 
intoxications and chronic effects such as respiratory 
failure, bronchorrhea, altered enzymatic activities, 
delayed neuropathies, altered sperm morphology, 
genotoxic effects, DNA fragmentation, and an in-
crease in abortion frequency in the sprayers’ wives 
(González et al. 1996, González y Alvarado 2008, 
Pérez-Herrera et al. 2008).

To our knowledge, no report has been published 
in Mexico on the fumigators’ knowledge about pes-
ticide policies in urban areas (indoor or outdoor), 
nor on the health impact of pesticides on their users. 
To date, pesticide usage patterns in urban areas are 
poorly studied. This study is, to our knowledge, the 
first to show the scenario of occupational exposure to 

urban pesticides in Yucatan. Our objectives were to 
investigate use patterns, pesticide management prac-
tices, and knowledge on related policies in a group of 
urban pest control operators in southeastern Mexico, 
and to compare the activity of butyrylcholinesterase 
(BuChE) in this group with respect to a group of 
subjects non-occupationally exposed to pesticides. 

METHODS
Study area

We conducted this study in the city of Merida, the 
Yucatan state capital, located in southeastern Mexico 
(Figure 1). It is an area considered as endemic for 
the transmission of dengue, chikungunya, and zika 
viruses (SSA 2015); its weather is hot and humid, 
with an average yearly temperature of 26 ºC and aver-
age annual precipitation of 1100 mm. Its geographic 
coordinates are: 21º 36’-19º 32’ N, 87º 32’-90º 25’ W 
(INEGI 2016).

Study population
The target population was urban pest control 

operators from the city of Merida, who were occu-
pationally exposed to pesticides for at least one year. 
We contacted study subjects by telephone (through 
numbers for pest control companies appearing listed 
in the telephone directory of Merida ) and by means 
of study promotion and personal invitations at meet-
ings held at the local urban pest-control companies’ 
association. The urban pest control operators partici-
pated voluntarily in the study. 

Structured survey
We applied a survey to urban pest control opera-

tors and to the group non-occupationally exposed 

Fig. 1. Map of Mexico with the state of Yucatán highlighted in 
green. Merida is its capital
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to pesticides. The survey comprised working condi-
tions, pattern of exposure to pesticides, and knowl-
edge concerning policies related to pesticides.

BuChE activity determination
Urban pest control operators and control group 

subjects donated a blood sample for BuChE deter-
mination. The blood was centrifuged and an aliquot 
of plasma was used for BuChE determination using 
the ChE Gen 2 kit (PN 04498577190, Roche Di-
agnostics) on the COBAS INTEGRA 800 analyzer 
according to the manufacturer instructions. Precision 
was determined using internal controls. The lower 
detection limit is reported as 100 U/L. BuChE activity 
was reported in U/L.

Ethical considerations 
The Ethical Committee Board of the Faculty of 

Medicine of the Autonomous University of Yucatan 
approved the current project, whose development 
complied with ethical guidelines in order to guarantee 
the dignity and well-being of volunteers, and it ad-
hered to the principles established in the Nuremberg 
Code and the Declaration of Helsinki. 

Statistical analysis
The obtained data were entered into a database 

generated with statistical software programs Stata 
v. 12.1 and EpiInfo v. 3.3.2. Quantitative values and 
frequency distribution for the qualitative variables 
corresponding to each parameter were evaluated. We 
employed Student t-test to compare BuChE activity 
between study groups, considering a value of p < 
0.05 as statistically significant.

RESULTS AND DISCUSSION

Characteristics of urban pest control operators
The general characteristics of the study partici-

pants are presented in table I. The average age of 
the pesticide worker was 35 years, which is a repro-
ductive age (range, 19-55 years) and 74 % of these 
were married. Age was similar to that of other studies 
carried out in fumigators and farmers (Hines et al. 
2001, Pérez-Herrera et al. 2008, Rojas-García et al. 
2011, Silveira et al. 2011).

It has been described that environmental and 
occupational exposure to pesticides produces se-
vere reproductive problems and affects the quality 
of semen, causing a decrease in the volume of the 
ejaculate, in sperm motility, and in the percentage 
of spermatozoa with normal morphology in urban 

pest-control workers and in farmers; the fertility of 
sprayers can be compromised (Aldana et al. 2003, 
Mendivil et al. 2004, Pérez-Herrera et al. 2008). In 
addition, 78 % of these subjects have overweight 
problems. Obesity in adults in Yucatan state ranks 
first at the national level and comprises the main risk 
factor for the development of chronic diseases such as 
diabetes mellitus and cardiovascular diseases (INSP 
2013). Both the group of applicators and the group 
of subjects non-occupationally exposed to pesticides 
had the same percentage of overweight problems 
(data not shown).

Working conditions
The working conditions of urban pest control 

operators are shown in table II. The participants had 
an average of four years working as fumigators, and 
37 % had more than five years in such employment. 
Studies describing the working conditions of urban 
pest control operators are scarce. A study conducted 
in northern Mexico by Silveira et al. (2011) showed 
that the average working time as sprayers was 6.83 
years, observing a relationship between the years 
of work as a sprayer and the presence of pesticide 
residues in biological samples. 

These authors state that the exposure of urban 
sprayers to pesticides is more intensive because they 
are subject to long daily periods of exposure through-
out the year. A regular workday for the study popula-
tion was 8 h/day, 6 days/week, with a spraying lapse 

TABLE I. GENERAL CHARACTERISTICS OF THE STUDY 
POPULATION

Characteristics Urban pest control operator (%)

Age (years)a 35 (19-55)
Education level 
No education 4
 Elementary education 7
 Middle school 7
 High school 60
 Post-secondary education 22
 Postgraduate 0
Montly income
 < 2000 MXN 7
 2000-4000 MXN 7
 4000-10 000 MXN 41
 > 10 000 MXN 45
Body mass index (kg/m2)b 29.17 ± 3.88
Weight (kg)b 82.35 ± 11.72
Smokers 58
Acohol consumption 63

aMedian (range); barithmetic mean ± SD
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of 4 h/day (Silveira et al. 2011). Yeary et al. (2009) 
conducted a several years-long review with work-
ers whose main occupation was applying fertilizers 
and pesticides in urban areas; the workers reported 
working 50-60 h/week; one third of that time was 
spent in spraying. Kamijima et al. (2004) reported 
that, for Japanese sprayers, summer is the period 
during which spraying is most requested, similar to 
that reported by Garry et al. (2003) in Minnesota and 
Pérez-Herrera et al. (2008) in southeastern Mexico. 

This scenario is in agreement with our study results; 
summer was the most intense period of the year for 
spraying services.

Among urban pest control operators, 23 % are 
the owners of a company in addition to their work as 
fumigators; 56 % have access to medical services by 
the company. All of the urban pest control operators 
attended at least one talk regarding the handling of 
pesticides provided by a pesticide-sales company. 
Most fumigators possessed some information about 

TABLE II. WORKING CONDITIONS OF URBAN PEST CONTROL 
OPERATORS

Characteristics Urban pest control
operators (%) 

Years working as a urban pest control operators a 4 (1-17)
 1-5 years 63
 6-10 years 22
 > 10 years 15
Work done in the company
 Operator 77
 Property owner 23
Social security by the company (yes) 56
Days of vacation in the yeara 7 (3-15)
While remaining within the company (hours)a 8 (4-18)
Frequency of spraying:
 Hours a daya 4 (1-14)
 Days of the weeka 6 (3-7)
Main season of spraying:
 Summer 80
 Winter 12
 Spring 4
 Autumn 4
Places often fumigated:
 Nightclubs 23
 Parks 15
 Gardens 15
 Houses 15
 Industries 12
 Restaurants 12
 Schools 8
Informative talks on pesticides
 Kind of informative talks on pesticides 100
  Use the pesticide according to the plague 74
  Types of pests 44
  Personal protection equipment 41
 Knowledge on safety use of pesticides
  Pesticide poisoning 63
  Colors of the pesticide labels (toxicity) 44
  Routes of entry of pesticides into the body 4
  What are pyrethroids? 85
  What are organophosphates? 74
  What are carbamates? 70
  What are organochlorines? 52

aMedian (range)
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the types of pesticides, plagues, and technical issues: 
six out of ten urban pest control operators knew that 
pesticides are dangerous to health, but they were 
unacquainted with routes of exposure, and four out 
of 10 knew about the color code for hazard identi-
fication. Arcury et al. (2002) asserted that Mexican 
agriculturists lack sufficient training on the use and 
handling of pesticides and the manner in which this 
deficiency is related with their perception of risks. 
The Official Mexican Standard NOM-256-SS1-2012 
(SSA 2013) establishes the sanitary conditions that 
organizations and all personnel related with pests 
control must observe. It emphasizes that pesticide 
workers must not be involved in administrative tasks; 
in addition, the owner or manager of such organiza-
tions must provide the workers with training and give 
them talks about the risks of the profession.

Pattern of exposure to pesticides
Table III depicts the most frequent insecticides 

used by urban pest control operators, who are 
exposed to a mix of pesticides. We identified 18 
active ingredients utilized as pesticides, with 94 % 
of these presenting moderate-to-extreme toxicity. 
With respect to classification by chemical group, 33 
% of the active ingredients include PYR; OP and 
coumarins represent 17 % each, and 11 % are CAR. 
Of the pesticides, 78 % were insecticides, which are 

the most employed pesticides at any time of the year, 
followed by rodenticides. The latter are mostly used 
in the spring and summer, and herbicides in autumn 
and winter.

Long-term use of pesticides has the following 
repercussions on the health of exposed individuals: 
damage to the neurological and reproductive sys-
tems; liver disease; hormonal alterations, and cancer, 
among others (Albert 2004, Mostafalou and Abdol-
lahi 2017). The main effects of the 18 pesticides 
reported in this study on health are the following: 
neurotoxic (39 %); genotoxic (33 %); carcinogenic 
(33 %); endocrine disruptors (22 %), and alterations 
in semen quality (6 %). There are, to our knowledge, 
no conclusive studies on the effects of 33 % of the 
pesticides (COFEPRIS 2016).

A cohort study conducted in the USA reports 
that between 1999 and 2005, urban sprayers used 
mainly PYR and CAR as active ingredients (Horton 
et al. 2011). Urban sprayers from the state of Min-
nesota describe that the most utilized pesticides were 
herbicides, followed by insecticides and fungicides 
(Garry et al. 2003). In the state of Nayarit, located 
in the Mexican Pacific, 18 active ingredients have 
been reported as employed by urban sprayers from 
that region; the main chemical groups were PYR, 
OP, and coumarins, which were used as insecticides, 
rodenticides, and fungicides (Fuentes et al. 2010). 

TABLE III. ACTIVE INGREDIENTS USED BY URBAN PEST CONTROL OPERATORS

Active ingredient Chemical group Toxicity Uses Frequency
of use (%)

Cypermethrin PIR II I, A 74
Deltamethrin PIR III I     41
Alphacypermethrin PIR II I, A 22
Esbiothrin PIR II I, H 7
Permethrin PIR II I 4
Pyrethrin PIR II I, A 4
Chlorpyrifos methyl fosforito OP II I 26
Dichlorvos OP Ib I, A 26
Diazinon OP II I, A 12
Difethialone Cumarins Ib R 11
Flocoumafen Cumarins I R 8
Bromadiolone Cumarins Ia R 7
Propoxur CAR II I 19
Bendiocarb CAR II I 8
Fipronil Phenylpyrazole II I 37
Imidacloprid Chloronicotinyl II I 33
Amitraz Amidines III A 15
Aluminum phosphide Metal phosphide Ib I, R 4

OP: organophosphates, PIR: pyrethroids, CAR: carbamates, Ia: extreme toxicity, Ib: highly hazard-
ous, II: moderately hazardous, III: slightly dangerous. I: insecticide, A: acaricide, R: rodenticide
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Rojas-García et al. (2011) conducted a study on pes-
ticide retailers in Nayarit. The authors found that the 
most used pesticides were insecticides, herbicides, 
and fungicides, and the chemical groups were OP, 
PYR, CAR, and OCP.

Our group observed that urban pest control opera-
tors use pesticides: aluminum phosphide (a highly 
hazardous metallic phosphide), bromadiolone and 
difethialone (both extremely dangerous coumarins), 
flocoumafen (a slightly-to-highly toxic coumarin), 
dichlorvos (a highly toxic OP), and chlorpyrifos (a 
moderately dangerous OP). These pesticides have 
been restricted in Mexico and prohibited in other 
countries. The lack of updating of the Mexican legis-
lation on the use and handling of pesticides results in 
the use of active ingredients that, due their high tox-
icity, environmental persistence, and risks to health, 
have been banned or restricted in other countries 
(COFEPRIS 2016).

The personal protection equipment (PPE) used 
by urban pest control operators and the practices 
in which they engage when handling pesticides are 
illustrated in table IV. Three out of 10 fumigators 
do not use full PPE equipment. Only 50 % of urban 
pest control operators utilized some protective ele-
ment to handle pesticides, but they left some of their 
body parts exposed, such as skin, nose, and mouth, 
which are potential routes of exposure where pesti-
cides may enter the body. These results are in accord 
with those described for agriculturists (Gomes et al. 
1999, Pérez-Herrera et al. 2008, Bradman et al. 2009, 
Jensen et al 2011, Lekei et al. 2014) and pesticide 
retailers (Rojas-García et al. 2011). Only a small 

percentage of the workers use full protective gear 
when handling pesticides. It has been described that 
influential factors for the non-use of PPE include age, 
years of experience, lapse of time required to carry 
out the activity, lack of training, climatic conditions, 
the high price of PPE, and workers’ perception about 
the risks to their health (Idrovo 2005, Hofmann et al. 
2009, Lombardi et al. 2009).

Urban pest control operators perform activities 
such as washing their spraying devices and eating 
or smoking during the workday, which increase the 
risk of exposure. All fumigators have a specific place 
to store the pesticides in their company’s building; 
however, 23% have taken pesticides to their homes. 
Therefore, exposure may continue even after finish-
ing their work. On the other hand, practices such as 
bathing after the workday and using work-exclusive 
clothing help reducing the exposure.

Yeary et al. (2009) reported that inadequate work 
practices led to decreased cholinesterase activity in 
applicators of fertilizers and herbicides in urban ar-
eas. These workers were deemed unable to work until 
their cholinesterase levels were normal. The Official 
Mexican Standard NOM-017-STPS-2008 (STPS 
2008) states that every worker exposed to any chemi-
cal substance must wear PPE to decrease the risk of 
intoxication and exposure. NOM-256-SSA1-2012 
(SSA 2013) establishes the use of overall, boots, 
work shirt, and gloves when handling pesticides, 
and it also indicates that workers must change their 
clothes after fumigations, must never eat or smoke 
during working hours, and must always bathe after 
using pesticides.

In order to prevent intoxications and health dam-
age when using pesticides, it is important to observe 
good practices when handling and applying pesticides 
(AMIFAC 2005). NOM-017-STPS-2008 (STPS 
2008) states that employers must provide PPE, of-
fer constant training, and supervise that workers use 
their PPE during working hours. It is mandatory for 
workers to use PPE and participate in trainings on 
the use and handing of pesticides. 

Knowledge of policies related to pesticides
Table V presents the information that urban pest 

control operators must know regarding legal system 
and norms on pesticides. Two out of 10 fumigators 
possess some knowledge about the departments in 
charge of supervising the control and registration of 
pesticides, while fewer than 10% are aware of the 
normativity on workers’ health protection and good 
practices when handling these toxic products. The 
law establishes that the primary responsibility falls 

TABLE IV. PPE AND HABITS IN HANDLING PESTICIDES

PPE AND HANDLING PRACTICES %

PPE
  Mask 70
  Hat or cap 63
  Gloves 59
  Eveglasses 52
  Boots 44
  Overalls 33
  Handkerchief 11
  Trousers 11
Habits in handling pesticides
  Uses pesticides only with working clothes 92
  Washes the spraying equipment 88
  Bathes after work 69
  Eats at work 62
  Smokes at work 35

PPE: personal protection equipment
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on the establishments’ managers and employees; 
thus, they must coordinate with authorities in order to 
prevent and control health risks, relying on the most 
currently issued regulations (DOF 2014).

Article 123 of the Mexican Constitution, in its 
fractions XIII, XIV, and XV establishes that compa-
nies must provide workers with adequate training, 
and also states they are responsible for the preven-
tion and care of accidents and occupational diseases. 
The employer is obligated to observe what the law 
states on environmental safety and health, according 
to the nature of the business; he must take measures 
to prevent accidents. Moreover, all establishments 
that offer spraying services in urban areas must have 
proper authorization, in concordance with Article 198 
of the Ley General de Salud (General Health Law) 
(DOF 1984).

Legislation on pesticides must be comprehen-
sive, taking into account aspects of labeling, stor-
age, transportation, and elimination of pesticides 
in order to reduce risks to human health and to the 
environment. Despite the existence of nationwide 
regulations, they are not effectively implemented, 
and the exposed population knows little about them 
(FAO/OMS 2007).

NOM-256-SSA1-2012 (SSA 2013) establishes 
the requirements for establishments and individuals 
working in urban pest control. It also states the re-
sponsibilities of the technical manager and pesticide 
applicators; the requisites for pesticide labeling and 
health control; good practices during service and the 
use of disinfectants, and the vigilance of the work-
ers’ health.

Regarding knowledge on established policies, 
19 % of the fumigators knew about regulations of 
pesticides and 22 % applied the policies regarding 
the use of the correct PPE. Despite that 100 % of the 
fumigators receive training regarding pests, they are 
not given sufficient information about the products 
they use. The lack of knowledge about pesticides and 
the regulations involved in their use may contribute 

to inadequate handling of pesticide products and an 
increased risk for the workers’ health. 

Eleven percent of urban pest control operators 
have both an administrative position and work as 
fumigators in the same company. According to article 
198 of the Ley General de Salud and NOM-256-
SSA1-2012 (SSA 2013), a person cannot have an 
administrative position and use pesticides, because 
coworkers may be exposed to pesticides if good 
hygiene practices are not observed. 

A study conducted by Matthews et al. (2011) on 
legislation and regulations on pesticide use in coun-
tries with endemic vector-borne diseases, describes 
the deficiencies of the legal system for controlling the 
use of pesticides among member states and regions 
of the World Health Organization.

The ability to regulate the use of pesticides for 
public health purposes is weak because there is a lack 
of constant supervision by institutions in charge. As a 
result, the health of workers and general population 
may be compromised. 

Activity of BuChE 
The activity of the BuChE is an exposure bio-

marker of pesticides, as stipulated in NOM-047-
SSA1-2011 (SSA 2012). In this work, BuChE ac-
tivity in serum was determined in the 27 urban pest 
control operators, and then it was compared with 
26 non-occupationally exposed subjects. Table VI 
presents the BuChE values of the study population. 
The mean value of BuChE for both the exposed and 
non-exposed group was found to be within the refer-
ence range. The reference group (non-occupationally 
exposed) was mainly composed by workers of the 
Autonomous University of  Yucatan. We did not find 
significant differences between the BuChE activity 
on fumigators vs. the non-exposed group (p = 0.26). 
The main mechanism of action of OP and CAR pes-
ticides is the inhibition of cholinesterases; thus, the 
activity of such enzymes is a classical biomarker of 
recent exposure of both groups. Many studies have 

TABLE V. KNOWLEDGE OF POLICIES RELATED TO PESTICIDES

Knowledge of policies related to pesticides %
Responsible for the analysis of contaminants in the workplace to prevent health damage 27
Existence of controls for the sale of pesticides 23
Agency responsible for overseeing the registration and handling 22
Guidelines about good practices on pesticide residues analyses 7
Existence of legal systems for the protection of workers’ health 7
Standard pattern obligations of the company to the management of pesticides 0
Rules contained in pesticides codices 0
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evaluated BuChE and acetylcholinesterase (AChE) 
as biomarkers of exposure to OP and CAR pesticides 
in farmers and intoxicated individuals, but little is 
known about the exposure of urban pest control 
operators (Hofmann et al. 2010, Araoud et al. 2011, 
Rojas-García et al. 2011, Contreras et al. 2013). 

In our study, fumigators utilized the same pat-
tern of pesticides all year long. Yeary et al. (2009) 
conducted a cohort study on 150 urban pesticide 
applicators from Canada. BuChE activity was lower 
during the summer, when the frequency of pesticides 
use is higher. Our results are in agreement with those 
reported by Fuentes et al. (2010), who surveyed 
AChE activity in 20 urban sprayers hired to control 
vectors, whose exposure to pesticides fell within the 
normal reference range.

According to our questionnaire, the use of OP and 
CAR pesticides by these workers is low (26% and 
19%, respectively), which may be the reason for not 
having noticed a difference in the BuChE activity 
between groups, in addition to the wide reference 
value of this enzyme in the population and the rapid 
recovery of the activity of BuChE within a few days 
of being decreased. NOM-047-SSA1-2011 (SSA 
2012) states that workers exposed to pesticides must 
monitor their cholinesterase activity at least once a 
year in order to know their health status. However, 
since OP and CAR are the only pesticides that inhibit 
cholinesterases, this Mexican Standard may be obso-
lete as it does not reflect the magnitude of exposure 
to different pesticides in use. So, it is suggested to 
carry out a complete health surveillance of these 
workers, since there are no biomarkers of exposure 
to a mixture of pesticides different to OP and CAR.

CONCLUSIONS

This is the first work that presents the scenario of 
urban pest control operators’ occupational exposure to 
pesticides, as well as their working conditions, knowl-
edge regarding the application of urban pesticides, and 
handling-related policies in southeastern Mexico. The 

urban pest control operators depicted in this study are 
working in a risk conditions and are exposed to a mix-
ture of active ingredients employed as pesticides. We 
consider that the health surveillance of these workers 
should include a full medical examination that com-
prises other biomarkers besides cholinesterase, which 
only reflects exposure to OP and CAR. Moreover, 
normativity on pesticide handling requires updating 
and fumigators must be educated on policies and 
regulations regarding the management of pesticides, 
and trained in health and environmental risks.
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