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This study provides data on numbers of workers
exposed at work to selected carcinogens and pesticides
in Nicaragua (35 substances) and Panama (31), based
on a modification of the CAREX data system. Popula-
tion censuses provided industry- and sex-specific work-
force numbers. The activity- and sex-specific proportions
of exposed workers were estimated by experts from
governmental agencies, workers’ organizations, and
employers’ representatives. Finally, the numbers of
those occupied in each activity/sex category were mul-
tiplied by the proportions of those exposed in the same
categories, yielding numbers of those exposed in these
categories for each agent. The study revealed high pro-
portions (> 9%) of occupationally exposed workers in
both countries for solar radiation and diesel engine
emissions; environmental tobacco smoke in Panama;
and some pesticides in Nicaragua. A high proportion of
exposed was found for men for lead (12%), silica dust
(10%), and hexavalent chromium (10%) in Panama.
Key words: CAREX, carcinogenic substances, register
system, occupational exposure, developing countries,
exposed workers
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INTRODUCTION

The focus of national policies and programs in chemi-
cal safety necessitates identification of the chemical
hazards to which humans and the environment are
exposed. Toxicity, intensity, and the extent of exposure
then become some of the central issues.! CAREX
(CARcinogen EXposure) is an international database
of occupational exposures to known and suspected car-
cinogens that links routine workforce data with expert-
based exposure assessments in categories of economic
activity in order to provide estimates of the number of

Received from: Center for Research on Health, Work and Envi-
ronment (CISTA), Nicaragua; Department of Production and
Operations, Faculty of Industrial Engineering, Technological Uni-
versity of Panama, Panama; Centro Nacional de Toxicologia, Min-
isterio de Salud de Nicaragua (National Center of Toxicology, Min-
istry of Health of Nicaragua), Nicaragua; Central American
Institute for Studies on Toxic Substances (IRET), Universidad
Nacional, Costa Rica. Send Correspondence to: Luis Blanco
Romero; email: <luiseblanco@yahoo.com>.

Funding for this paper was provided by the Swedish International
Development Cooperation Agency (Sida), via a grant administered
by SALTRA.

Disclosures: The authors declare no conflicts of interest

workers exposed to selected carcinogenic substances in
various nations.

CAREX originated in the European Union coun-
tries. The European CAREX and its applications have
been described in detail elsewhere.>”® In short, it esti-
mates the national numbers of workers occupationally
exposed to selected carcinogens by multiplying the
working population sizes in 55 industrial classes by
data- and expert-based proportions of exposed workers
in these classes. The proportions were estimated for 85
chemical and physical agents or groups of agents in all
Groups 1 and 2A occupational carcinogens Interna-
tional Agency for Research on Cancer (IARC), and
selected agents in Group 2B, based on the IARC classi-
fication as of 1995.

The first CAREX application outside Europe was the
Costa Rican modification®® within the Central Ameri-
can Program for Work and Health (SALTRA). This
application evaluated the extent of exposure to 27 car-
cinogens that were considered common in Central
America, added seven major groups of pesticides and
individual pesticides, and included sex as a further
basic classifier. While the European results identified,
in order of number of exposed workers, solar radiation,
environmental tobacco smoke (ETS), crystalline silica,
diesel exhaust, radon, and wood dust as the most
common occupational carcinogenic agents during the
period 1990-1993,% the Costa Rican data for 2000,
ranked solar radiation, diesel engine exhaust, ETS,
hexavalent chromium compounds, benzene, and silica
dust in the order of commonality among carcinogens.
Paraquat/diquat, mancozeb/maneb/zineb, and
chlorothalonil were the most common occupational
toxic pesticide exposures in Costa Rica.5® Agriculture,
construction, various services, and transport emerged
as conspicuous hazardous industries in Costa Rica in
terms of estimated absolute numbers of personal expo-
sures to the 27 carcinogens and seven toxic pesticides.
A further analysis of the numbers of exposures to work-
force volumes revealed forestry and logging, fishing,
mining, woodworking, and pottery as further haz-
ardous industries.

This is a report on the continuation of the CAREX
project in Central America in the SALTRA program,
describing the CAREX applications and their results in
Nicaragua and Panama.

As for a general orientation, Nicaragua is territori-
ally the largest of the seven Central American nations,
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bordering on Honduras to the north, Costa Rica to the
south, the Caribbean coast on the east with two
autonomous regions, and the Pacific Coast on the west.
Its population is 5.6 million. High unemployment rates
have been the main reasons for a massive migration out
of Nicaragua in the last decades.” The Nicaraguan
development indicators are, in general, among the
lowest in the seven Central American nations, for a
great part owing to its history of political upheavals,
periods of repression, civil war, corruption, and natural
catastrophes. Nicaragua represents the second lowest
position among the seven Central American countries
in the United Nations Human Development Index,
ranking 120 of 179 countries in the world. In 2005,
62% of the population lived in poverty. In 2009,
Nicaragua declared having overcome illiteracy.

Panama is the southernmost of the Central Ameri-
can nations, situated between Costa Rica in the north
and Colombia in the south. The Panama Canal cuts
across the Isthmus of Panama. The population of
Panama is 3.3 million, of which 66% is urban. Along
with Costa Rica, the Panamanian development indica-
tors are, in general, favorable among the Central Amer-
ican nations. It has the second highest United Nations
Human Development Index among the seven coun-
tries in Central America, ranking 58th among all coun-
tries in the world, and has the second lowest Central
American poverty rate.

DATA AND METHODS

The European and the Costa Rican CAREX methodol-
ogy was applied in the Nicaraguan and Panamanian
CAREXes, with modifications. The industry- and sex-
specific workforce numbers that were needed for
Nicaragua were those for the economically active pop-
ulation (EAP or supply of labor) related to 2005: a total
of 2,080,899, with 1,296,626 men and 784,726 women
(2005 census). The employed (including self-employed)
population (92.9% of the EAP) of Panama, on which
the CAREX Panama was based, totaled 960,500 for
2000 (657,659 men, 302,841 women; General Auditing
Office of Republic of Panama). These numbers
included both the formal and the informal workers in
the two countries. Data from both formal and informal
workers were based on national censuses using a stan-
dard questionnaire and should, therefore, be roughly
equally valid in terms of the industry assignment (see
following) between the two worker categories, which
were, however, not separated in the analysis because of
lack of separate data about industry-specific exposures
in these categories.

The workforce numbers were categorized into 44
industries according to the International Standard
Industrial Classification of All Economic Activities
(ISIC) Rev. 2; these particular economic activities
(industries) thereby became the units of analyses, fur-

ther stratified by sex. Thirty-one agents or groups of
agents (27 carcinogens and four pesticides) were
chosen for both the Nicaraguan and Panamanian
CAREXes, shown in Table 1. Excluded were agents that
were very rare in Europe (such as benzidine) or in
Costa Rica (such as methyl bromide). In addition,
trichloroethylene, chlorophenoxy herbicides, and the
organophosphate insecticides methamidophos and
chlorpyrifos were evaluated in Nicaragua.

In line with the original European CAREX and the
Costa Rican application that focused on the extent of
exposures among the working populations, intensity of
exposure was, by definition, not of concern, except for
the definition of “exposure,” which required a mini-
mum level to be considered occupational exposure.
This was considered, in line with the original European
CAREX, the exceedance of the average nonoccupa-
tional background level of respiratory and/or dermal
human exposure. Occupational exposure to solar radi-
ation was considered exposure to sunlight for > 75% of
the workshift.

Because very few exposure surveys and measure-
ments have been conducted in Nicaragua and Panama,
expert judgment was heavily relied on in the exposure
assessment. Thus, the activity- and sex-specific propor-
tions of exposed were modified or completely recon-
structed by 25 experts in Nicaragua: the Ministry of
Labor (MITRAB), the Ministry of Health (MINSA), the
Ministry of Agriculture and Forestry (MAGFOR), the
Ministry of Environment and Natural Resources
(MARENA), the Nicaraguan Institute of Social Security
(INSS), the Workers Unions Central “Jose Benito Esco-
bar” (CST-BE), the Sandinist Workers Central (CST),
Workers’ National Front (FNT), the Industrial Cham-
ber, the Construction Chamber, the Nicaraguan Asso-
ciation of Hygiene and Safety Professionals (ANISHA),
the National Autonomous University of Nicaragua
(UNAN-Managua and UNAN-Leon), the National Uni-
versity of Engineering (UNI), the Agrarian National
University (UNA), and 25 experts in Panama (profes-
sionals at the Ministry of Health, the Ministry of Labor
and Labor Development, the National Secretariat for
Science and Technology (SENACYT), the Institute for
Scientific Research and Services in High Technology
(INDICASAT), the Technical Board of Agriculture
(CTA), the National Authority for Environment
(ANAM), the System for Social Security (CSS), the Uni-
versity of Panama, and the Technological University of
Panama).

In many cases, the Costa Rican proportions of
exposed workers served as the starting default values.
For pesticides in Nicaragua, experts from the Ministry
of Agriculture and Forestry (MAGFOR) and the Min-
istry of Health (MINSA) were asked to propose a list
of pesticides that should be included in the
Nicaraguan CAREX. MAGFOR used WHO classifica-
tions of pesticide toxicity to propose a list of the most
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TABLE 1 Carcinogens and Toxic Pesticides Selected for Exposure Assessment¢

IARC Target Organ

General Sources of Occupational Exposure

Agent Group for Cancer®10-13 (adapted from®)
Arsenic 1 Luny, skin, urinary Outdoor work
bludder
Artificial minerdl fibers, 2B Hedt insulation
excl. ceramic
Asbestos 1 Luny, mesotheliomu, Heut insulation, friction Muateridls, filters, textiles,
larynx, ovary demolition, rejuir, shipyurds
Benhomyl! Mixing und spruying upplicutions
Benhzene 1 Leukemiu Solvent mixtures, gusoline, refineries, gausoline transport
und distribution, chemicul industry, laboratories
Cudmium 1 Luny Electroplating, pigments, butteries, fungicides, plustics
Cerumic fibers 2B Hedt insulation
Chlorothaloni 2B Mixing and spraying applications
Chlorophenoxy herbicides 2B Mixing and spraying applications
Chlorpyrifos Mixing und spruying upplicutions
Chromium (hexavulent) 1 Lung, hose Cement, welding, corrosion inhibition, wood
preservation, dyes, tunning
Cobult und cobult 2B Chemicdal industry, glass and ceramics, steel,
compounds pigments, catalysts
Diesel engine emissions 2A Luny Diesel enygine combustion
Environmental fobacco 1 Luny Bars, restaurants, unregulated and smoker spuces,
smoke homes
Epichlorohydrine 2A Epoxy resin production, couting, solvent mixtures
Ethylene oxide 1 Leukemiu Instrument sterilization, epoxides, chemicul industry,
pesticides
Formaldehyde 1 Nasopharynx, Particle bourd und plywood manufacture, textiles,
leukemiu lacqyuers, foundries, laboratories
lonizing radiation: X, 1 Luny Medicine, nucleur power generation, mining, air
gummau, heutrons fransport
Leud und inorgunic leud 2B Pipes, cubles, soldering, coutings, butteries, glass,
compounds puints, smelting
Mauncozeb, muneb, zineb 3 Mixing und spraying upplications
Methamidophos Mixing and spraying applications
Methylene chloride 2B Chemicudl industry, degreusing, puint removal,
(dichloromethane) semiconductors, pesticide formulations,
pharmuceutics
Nickel and nickel 1 Luny, hose Alloys, stuinless steel, electropluting, arc welding,
compounds butteries, computer components
Paraquat, diquat Mixing and spraying applications
Polyaromatic hydro- 1-3 Luny, skin Incomplete combustion of orgunic mutter, tars,
curbonhs, excl. ETS und mineral oils, creosote
diesel emissions
Raudon und its decuy 1 Luny Underground operutions, confined spuces, mineradl
products processing
Solur rudiution 1 Skin Outdoor work
Silicu (yuurtz) dust 1 Luhy Mininyg, construction, yglass manufacture, ceramics
operutions, foundiny
Strony inorganic acids 1 Larynx, lunyg Manufacture of isopropaunol, ethanol, soap and
contuining sulfuric ucid deterygents, phoshpute ferfilizer and buttery
production, ucid treutment of metuls, luboratories
Styrene 2B Plustic products (polystyrene, foum), bout muking
Tetracloroethylene 2A Deyreusing in metul industry and dry cleuning
Triazines 3 Mixing und spraying upplications
Trichloroethylene 2A Deyreusing in metal industry und dry cleuning
Vinyl chloride 1 Liver Plastics industry
Wood dust 1 Nose, husophurynx Logying, sawmilling, furniture und cubinet muking,

construction carpentry, turning und lathing of wood
froducts

IARC Group: International Agency for Reseurch for Cuncer clussificution (www.iarc.fr). 1: Carcinogenic. 2A: Probubly carcino-
genic. 2B: Possibly carcinoyenic. 3: Not clussifiuble us to its carcinogenicity to humans. (Pesticides in itdlics)
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TABLE 2 Percentages of Workers Occupationally Exposed to Carcinogenic Agents and Toxic Pesticides, Calculated
out of the Economically Active Population. Nicaragua 2007 and Panama 2006

Nicaragua Panama
Agent Men Women All Men Women All
Arsenic (1) 04 0.03 0.2 0.3 0.07 0.2
Artificial minerdl fibers, excl. ceramic (2B) 0.6 0.1 0.4 1.0 0.1 0.7
Asbestos (1) 0.6 0.5 0.6 0.5 0.6 0.5
Behomyl 3.2 0.4 2.1 0.9 0.03 0.6
Benzenhe (1) 5.6 0.8 3.8 6.1 0.4 4.3
Cudmium (1) 0.2 0.04 0.1 0.05 0.01 0.04
Cerumic fibers (2B) 0.1 0.01 0.1 0.04 — 0.04
Chlorothalonil (2B) 6.5 0.4 4.2 04 — 0.3
Chlorophenoxy herbicides 1.8 0.1 1.2 ND ND ND
Chlorpyrifos 5.6 1.2 4 ND ND ND
Chromium (hexuvulent) (1) 4.7 0.1 3 9.6 0.05 6.6
Cobult und cob
alt compounds (2B) 04 0.1 0.3 0.3 0.1 0.2
Diesel engine emissions (2A) 18.2 22.1 19.6 314 17.3 26.9
Environmentul tobucco smoke (1) 3.9 5.9 4.7 25.2 43.9 31.1
Epichlorohydrine (2A) 0.2 0.1 0.1 0.01 0.04 0.02
Ethylene oxide (1) 0.4 0.1 0.3 0.1 0.2 0.2
Formuldehyde (1) 1 1 1 04 0.4 0.4
lonizing radidtion: X, gummu, heutrons (1) 0.1 0.1 0.1 0.5 0.5 0.5
Lead and ihorganic lead compounds (2B) 0.5 1.7 1 12.4 2.5 9.3
Munhcozeb, maneb, zineb (3) 8.4 0.4 54 3 0.2 2.2
Methamidophos 14.9 3 10.4 ND ND ND
Methylenhe chloride (dichloromethane)(2B) 0.5 0.6 0.5 1 0.7 0.9
Nickel und nickel compounds (1) 0.1 0.1 0.1 0.2 0.05 0.2
Paraquat, diquat 18.4 0.1 11.5 5.1 0.2 3.6
Polyaromatic hydrocuarbons,
excl. ETS and diesel emissions (1-3) 0.8 1.2 0.9 1 0.3 0.7
Rudon (1) 0.8 1.1 0.9 — — —
Solar radiation (1) 42.9 8.2 29.8 43.5 16.7 35.1
Silica (yuurtz) dust (1) 2.3 0.3 1.5 9.9 0.1 6.9
Strony inorgunic ucids contuining sulfuric acid (1) 04 0.1 0.3 0.6 0.9 0.7
Styrene (2B) 0.1 0.1 0.1 0.1 0.1 0.1
Tetrucloroethylene (2A) 0.3 0.7 0.5 0.6 0.9 0.7
Triazines (3) 1 0.01 0.6 2.8 — 1.9
Trichloroethylene (2A) 0.1 0.3 0.2 ND ND ND
Vinyl chloride (1) 0.1 0.1 0.1 0.01 — 0.01
Wood dust (1) 3.4 0.3 2.3 3.2 0.4 2.3

ETS: Environmental tobucco smoke. ND: No dutu; —; very low or zero prevulence of exposed:; pesticides in itdlics

hazardous pesticides among those authorized for
import. MINSA presented a list of the pesticides most
frequently involved in poisonings. Then both lists
were compared to the TICAREX’s list of pesticides.
All pesticides were in the TICAREX except methami-
dophos and chlorpyrifos, which were added due to
their high frequency of use in Nicaragua. In Panama,
a group of agronomists estimated the cultivated land
areas and frequencies of pesticide application in
these, using the sex-specific population figures in agri-
culture to estimate the frequencies of those exposed
on the basis of the average number of persons in agri-
culture per sprayed land area.

Finally, numbers from each activity/sex category
were multiplied by the proportions of exposed in the
same categories, yielding numbers of exposed in these
categories for each agent. Adding the numbers of those
exposed and dividing the sums by the workforce num-

bers yielded the total proportions of those exposed for
each agent.

Table 1 shows the agents included in the study, their
carcinogenicity classification according to the Interna-
tional Agency for Research on Cancer (IARC; www/
iarc.fr), and general sources of occupational exposure
for each.

RESULTS

Table 2 shows the exposure rates by agent, country, and
sex. Among men, the most common carcinogenic
agents (prevalence > 3%) were similar in both coun-
tries, though the prevalence order of the agents varied
somewhat. These agents in Nicaragua and Panama
were solar radiation (43%, 44%, respectively), diesel
engine emissions (18%, 31%, respectively), environ-
mental tobacco smoke (4%, 25%, respectively), ben-
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TABLE 3 Common Agents (Prevalence > 10% in Either Sex) in Selected Industries

Labor Force

Industry Country Men 102 Women 10° All 103 % Exposed (Men + Women)
Auriculture NIC 513.7 63.6 577.3 Solar radiation 79; paraguat 59; mancozeb 10;
benzene 9; chlorothulonil 8
PAN 184.6 10.3 194.9 Solar radiation 72; paraguat 18; mancozeb 10;
benzene 10; triazines 9
Fishing NIC 12.2 0.9 13.1 Solar radiation 81, benhzenhe 33, diesel emissions
24
PAN 11.8 0.7 12.5 Solar 72; diesel emissions 24; benhzene 20
Mininy NIC 4.1 1.2 5.3 Silicu dust 40; diesel emissions 32; solar radiation
19; radon 13; nickel 9
PAN 1.7 - 1.7 Solar radiation 64; chromium VI 27; silica dust 22
Woodwork NIC 33.4 1.6 35 Wood dust 71; formaldehyde 12
PAN 23.3 2.1 24.4 Wood dust 56
Construction NIC 0.9 1.7 92.6 Chromium VI é4; solur radiation 60; silicu dust 26;
diesel emissions 13
PAN 86.8 3.4 0.2 Solar radiation 73; chromium VI 68; silica dust 68;
leud 48; wood dust 10
Transport NIC 68 2.9 70.9 Diesel emissions 66; solar radiation 15
PAN 451 4 49.1 Diesel emissions 81; leud 37; benzene 35; ETS 33;
solar radiation 22
Sdles & repuir NIC ND ND ND ND
PAN 78.8 45,9 124.7 ETS 95; diesel emissions 50; lead 20
Private domestic NIC 18,4 100.3 118.7 Solar radiation 20; diesel emissions 18;
services lead 12; ETS 11
PAN 6.3 58.3 64.6 ETS 40; solar radiation 17

ETS: Environmental tobacco smoke. ND: No data,

zene (6%, 6%, respectively), hexavalent chromium
(5%, 10%, respectively), silica dust (2%, 10%, respec-
tively), and wood dust (3%, 3%, respectively). Lead was
less common among men in Nicaragua (0.5%) than in
Panama (12%). Men had markedly higher carcinogenic
exposure rates than women for solar radiation, silica
dust, benzene, hexavalent chromium, and wood dust in
both countries, and for diesel engine emissions and
lead in Panama only.

Men had substantially higher exposure rates for pes-
ticides. High male rates were encountered especially in
Nicaragua for paraquat (18% Nicaragua, 5% Panama),
methamidophos (15% Nicaragua, not assessed in
Panama), mancozeb (8% Nicaragua, 3% Panama),
chlorothalonil (6% Nicaragua, 0.4% Panama), chlor-
pyrifos (6% Nicaragua, not assessed in Panama), and
benomyl (3% Nicaragua, 0.9% Panama). The workers
exposed to pesticides in agriculture were predomi-
nantly men. Women’s exposure rates were lower than
men’s for most carcinogenic agents and all the pesti-
cides. The most common women’s exposure rates were
found for environmental tobacco smoke, with a
marked difference between the countries (6%
Nicaraguan, 44% Panama), diesel engine emissions
(22% Nicaragua, 17% Panama), and solar radiation
(8% Nicaragua, 17% Panama). Women had higher
exposure rates than men had particularly for ETS and
tetrachloroethylene in both countries; diesel engine
emissions, lead, and PAHs in Nicaragua; and for strong
inorganic acids containing sulfuric acid in Panama.

DISCUSSION

This study revealed high (> 9%) proportions of occu-
pationally exposed workers in both Nicaragua and
Panama for solar radiation and diesel engine emis-
sions, and for ETS in Panama. High rates were also
found for the pesticides paraquat/diquat and metami-
dophos in Nicaragua. Considering men only, a high
proportion of those exposed was found also for lead
(12%), silica dust (10%), and hexavalent chromium
(9.6%) in Panama.

It may be worthwhile to compare the Nicaraguan
and Panamanian results with those of the European
Union and Costa Rica, though the EU data are from
1990-1993, covering the then 15-member states, and
the Costa Rican data were from 2000. In general, the
EU proportions of exposed are on roughly the same
level with Nicaragua and Panama, except that they are
lower in the EU for benzene, hexavalent chromium,
and diesel engine emissions (likely because of stricter
regulations), and for solar radiation (for less frequent
outdoor jobs).

The Costa Rican proportions are closer to the
Nicaraguan and Panamanian ones but are lower for
solar radiation and, for the pesticides, higher for
paraquat, especially when compared with Panama.
Notable exceptions were found between Costa Rica and
Panama in solar radiation (prevalence 25% Costa Rica,
36% Panama), environmental tobacco smoke (6% Costa
Rica, 31% Panama), lead (2% Costa Rica, 9% Panama),
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silica dust (2% Costa Rica, 7% Panama), paraquat (13%
Costa Rica, 4% Panama) and chlorothalonil (3% Costa
Rica, 0.3% Panama). Most of the differences may be
explained by the proportion of workers in each industrial
activity between countries. For instance, differences in
solar radiation exposure between Costa Rica and
Panama could be related to less outdoor work in Costa
Rica. Indeed, in Panama the proportion of workers in
agriculture and construction were 20% and 9%, respec-
tively, while in Costa Rica the proportions were 12% and
8%, respectively. The profiles were more similar between
Nicaragua and Costa Rica.

Comparing Nicaragua and Panama, the outstanding
differences included the much higher proportions of
exposed men and women for ETS and lead in Panama;
a higher silica exposure rate in Panama among men;
and the overall higher exposure rates of pesticides in
Nicaragua. As there were and are extensive building
construction and canal extension projects ongoing in
Panama (the proportion of the workforce in construc-
tion was 9% in Panama, and 4% Nicaragua, in the pres-
ent data), the silica and lead exposures were common,
compared with Nicaragua.

The higher proportion of workers in agriculture in
Nicaragua (28%), compared with Panama (20%),
explains part of the extensive exposures to pesticides in
Nicaragua but probably also because of higher use of
pesticides per cultivated land unit in Nicaragua.!*15

Exposure to silica dust is a matter of particular inter-
est, as a worldwide eradication program of silicosis is in
progress,'® meaning reduction of occupational expo-
sure that occurs particularly in mining, construction,
glass manufacturing, ceramics operations, and found-
ing. The available Latin American estimates of propor-
tion of workers occupationally exposed to silica dust are
5.4% for Chile'” and 5.6% for Brazil,'® 2.1% for Costa
Rica (possibly an underestimate),® 1.5% for Nicaragua,
and 7% for Panama from this study. In all these coun-
tries, the data will be used for targeting the exposure
reduction measures in particular industries and jobs.

Intercountry differences reflect differences in the
industrial activity compositions of the labor force and
in the exposures within activities between countries,
such as different pesticide use patterns, regulation, and
enforcement. Some of the differences may also be due
to regulations (such as the restriction of smoking
tobacco in public places, or regulation of the use of
chemicals in occupational settings in some European
countries), or differences in processes (such as the
common use in Latin America of gas station attendants
who are exposed to benzene in gasoline and diesel
exhaust from passing traffic, or the emission controls of
diesel-driven vehicles in Europe). For instance, the
intercountry differences for ETS between Nicaragua
and Panama may be explained by the compositions of
the labor force in the tourist industry, and the differ-
ences in the exposure assessment procedures, where

standardization between countries is seldom perfect. A
three-country (Nicaragua-Panama-Costa Rica) work-
shop was held before the exposure assessment, two
years prior to the assessment procedure itself, which
relied more on the standardization of procedures
within the national assessment teams.

The differences between men’s and women’s expo-
sure patterns are explained by the different industry
and job distributions between men and women. Thus,
women very seldom do pesticide spraying, and conse-
quently, have much lower exposure rates to these
substances. ETS was somewhat similar to women’s
exposures, due to service jobs where customers smoke.
The higher rate for tetrachloroethylene in women is
probably due to the fact that women are employed in
the dry cleaning industry more often than men.

As for the validity of the present study, the industrial
classification used (44 categories) certainly resulted in
insensitivity, especially within the manufacturing indus-
tries, as a number of subcategories with different expo-
sure profiles were collapsed. An unknown degree of
uncertainty in the exposure assessment is also evident,
given the scanty direct or even indirect data on many
industry-specific exposures, a matter with much better
possibilities in a country such as Finland with a long tra-
dition of industrial hygiene measurements. Still, an
extensive scope of data sources and knowledgeable per-
sons were in the exposure assessment in both coun-
tries, along with the supposedly roughly comparable
Costa Rican industry-specific data, which would guar-
antee a reasonable, though not perfect, validity of the
exposure assessments.

We did not calculate total national numbers of
exposed persons to all exposures pooled, as these num-
bers would depend, first, on the agents included, and
second, on the numbers of persons with multiple expo-
sures. The number of multiple exposures depends
practically on the combinations of the 44 agents
assessed; the number of the possible combinations in
the present set of 44 agents assessed for both countries
running in huge numbers. We do not know the num-
bers of multiple exposed persons for any combination
of agents. For a related bit of information, the original
European CAREX estimated an average of 1.3 expo-
sures (agents) for each exposed worker within a set of
86 agents, with a very wide range of frequency of expo-
sure between the different agents.?

In its original form and in the Central American
applications this far, CAREX does not differentiate
between levels of exposure except for the minimum
definitional level of exposure. Similarly, the Chilean
and Brazilian developments for silica exposure assess-
ment consider classes of exposure frequency (rather
than intensity). Along with developments elsewhere,
these specifications may be feasible also in Central
America in the future. We hope this work is going to be
used by the regulators and stakeholders in both coun-
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tries to prioritize interventions to reduce the number
of exposed workers and policies to control the sub-
stances used in occupational settings. As a matter of
fact, in Nicaragua as a consequence of the results on
silica, the National Council on Occupational Safety and
Hygiene created a commission to propose a normative
to limit workers’ exposure to silica. We are working on
the institutionalization of the matrix, so its periodical
evaluation might be continued. Nevertheless, the
started collaboration between academy and regulators
must keep going on, so an integrated multidisciplinary
approach to this and other problems can be developed.

Acknowledgements

This work was made possible by the collaboration of several sectors
(academy, government, workers, and employers) of the society. The
authors wish to thank Timo Kauppinen, Catharina Wesseling, Fatima
Ribeiro, and Bélgica Bernales. A special thanks to the experts that
assisted us both in Nicaragua and Panama.

References

»1. Downs TJ, Santos-Burgoa C. Selecting high-priority hazardous
chemicals for tri-national control: A maximum-utility method
applied to Mexico. Int ] Occup Environ Health. 2000;6:220-37.

> Kauppinen T, Toikkanen J, Pedersen D, Young R, Ahrens W,
Boffetta P, et al. Occupational exposure to carcinogens in the
European Union. Occup Environ Med. 2000;57:10-8.

»3. Kauppinen T. Finnish occupational exposure databases. Appl
Occup Environ Hyg. 2001;16:154-8.

» 4. Kauppinen T, Pajarskiene B, Podniece Z, et al. Occupational
exposure to carcinogens in Estonia, Latvia, Lithuania and the
Czech Republic. Scand ] Work Environ Health. 2001;27:343-5.

5. Kogevinas M, Maqueada ], De la Orden V, Fernandez F, Bena-
vides FG. Exposicion a carcinogenos laborales en Espana: apli-
cacion de la base de datos CAREX (Exposure to occupational
carcinogens in Spain: An application of the CAREX database).
Arch Prev Riesgos Labor. 2000;3:153-9.

»6. Partanen T, Chaves J, Wesseling C, Chaverri F, Monge P,
Ruepert C, Aragéon A, Kogevinas M, Hogstedt C, Kauppinen T.
Workplace carcinogen and pesticide exposure in Costa Rica. Int
J Occup Environ Health. 2003;9:104-11.

7. Chaves J, Partanen T, Wesseling C, Chaverri F, Monge P,
Ruepert C, Guardado J, Aragéon A, Kauppinen T. Matriz de
exposiciones ocupacionales a agentes carcinogénicos y plaguici-

> 10.

>11.

»192.

»13.

> 14,

»15.

16.

17.

»18.

das en Costa Rica. (Matrix of occupational exposures to car-
cinogenic agents and pesticides in Costa Rica). Serie Informes
Técnicos IRET No 2. Heredia, Costa Rica 2004: National Uni-
versity: Central American Institute for Studies on Toxic Sub-
stances (Universidad Nacional, Instituto Regional de Estudios
en Sustancias Toxicas).

Chaves J, Partanen T, Wesseling C, Chaverri F, Monge P,
Ruepert C, Aragon A, Kogevinas M, Hogstedt C, Kauppinen T.
TICAREX: Exposiciones ocupacionales a agentes carcinogéni-
cos y plaguicidas en Costa Rica (TICAREX: Occupational expo-
sures to carcinogenic agents and pesticides in Costa Rica). Arch
Prev Riesgos Labor. 2005;8:30-7.

Rocha JL. ;Por qué se van? La onda migratoria y las teorias que
la explican (Why they go abroad? The migratory wave and its
explanatory theories). Revista Envio. 2006;256. Available online
at http://www.envio.org.ni/articulo/1241

Shaif K, Benbrahim-Tallaa L, Baan R, Grosse Y, Secretan B, El
Ghissassi F, Bouvard V, Guha N, Freeman C, Galichet L,
Cogliano V. A review of human carcinogens—Part C: metals,
arsenic, dusts, and fibres. Lancet Oncology. 2009;10:453—4.

El Ghissassi F, Baan R, Straif K, Grosse Y, Secretan B, Bouvard V,
Benbrahim-Tallaa L, Guha N, Freeman C, Galichet L, Cogliano
V. A review of human carcinogens—Part D: radiation. Lancet
Oncology. 2009;10:751-2.

Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, Bouvard V,
Benbrahim-Tallaa L, Guha N., Freeman C, Galichet L, Cogliano
V. A review of human carcinogens—Part E: tobacco, areca nut,
alcohol, coal smoke, and salted fish. Lancet Oncology. 2009;
10:1033-4.

Baan R, Grosse Y, Straif K, Scretan B, El Ghissassi F, Bouvard V,
Benbrahim-Tallaa L, Guha N, Freeman C, Galichet L, Cogliano
V. A review of human carcinogens—Part F: Chemical agents and
related occupations. Lancet Oncology. 2009;10:1143-4.
Wesseling C, Aragon A, Castillo L, Corriol M, Chaverri F, de la
Cruz E, Keifer M, Monge P, Partanen T, Ruepert C, van Wendel
de Joode B. Hazardous pesticides in Central America. Int |
Occup Environ Health. 2001:7; 287-94.

Hruska AJ, Corriols M. The impact of training in integrated pest
management among Nicaraguan maize farmers. Increased net
returns and reduced health risk. Int J Occup Environ Health.
2002:8:191-200.

Fedotov IA, Eijkemans G]JM. The ILO/WHO global programme
for the elimination of silicosis. GOHNET. 2007:12:1-2.

Bernales B, Alcaino ], Solis R. Situacién de exposicién laboral a
silice en Chile (Situation of occupational exposure to silica in
Chile). Ciencia Trab. 2008;10:1-6. (In Spanish).

Neto Ribeiro FS, de Camargo EA, Algranti E, Wiinsch Filho V.
Exposicao ocupacional a silica no Brasil no ano 2001. (Occupa-
tional exposure to silica in Brazil in 2001), Rev Bras Epidemiol.
2008;11(1):89-96. (In Portuguese).

VOL 17/NO 3, JUL/SEP 2011 e www.ijoeh.com

CAREX Nicaragua and Panama « 257



