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Objectives A cross-sectional study was conducted to evaluate the relationship between respiratory health and 
paraquat exposure. 
Methods The study population was selected from among workers at 15 Nicaraguan banana plantations which 
relied on paraquat for the control of weeds. All the workers were interviewed after they received their job 
assignment for the day of the survey, and all who reported never having applied paraquat and all who reported 
more than 2 years of cumulative exposure as applicators of paraquat with knapsack sprayers were invited for 
medical evaluation. One hundred and thirty-four exposed workers and 152 unexposed workers were adminis- 
tered a questionnaire interview asking about exposure and respiratory symptoms, and they underwent spiromet- 
ric testing of forced expiratory volume in 1 s (FEV, ,) and forced vital capacity (FVC). 
Results In the exposed group 53% reported having experienced a skin rash or burn resulting from paraquat 
exposure, 25% reported epistaxis, 58% nail damage, and 42% paraquat splashed in the eyes. There was a 
consistent dose-response relationship between intensity of exposure (as indicated by a history of skin rash or 
burn) and the prevalence of dyspnea. This relationship was more marked for more severe dyspnea. There was a 
3-fold increase in episodic wheezing accompanied by shortness of breath among the more intensely exposed 
workers. There was no relationship between exposure and FEV, , or FVC. 
C O I I C I U S ~ O ~ S  The high prevalence of respiratory symptoms associated with exposure, in the absence of 
spirometric abnormalities associated with exposure, could be a result of unmeasured gas exchange abnormalities 
among workers with long-term exposure to paraquat. 
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Paraquat, a nonselective contact herbicide used in ap- 
proximately 130 countries (I),  is widely available to as 
much as 98% of agricultural workers in third-world coun- 
tries (2). Paraquat has become well known for its acute 
oral toxicity. A review published in 1974 reported 232 
deaths world-wide between 1964 and 1973 (3). By 1985 
almost 2000 deaths were occurring yearly in Japan alone 
as a result of (primarily intentional) ingestion of paraquat 
(4). In reports from Asia, the Pacific Islands, and South 
America, it is the agent of choice for suicide (4-6). In 
Costa Rica, a country with one of the highest incidences 
of pesticide poisoning in the world, paraquat causes more 

deaths than any other pesticide, including 86% of all 
deaths from occupational pesticide poisoning (7). Al- 
most half of all fatal paraquat poisonings in Costa Rica 
are not intentional. 

The case fatality rate after the ingestion of liquid 
formulations of 20% paraquat is reported to be 60%, and 
the minimum lethal dose may be no more than 10 ml(8). 
Paraquat is unusual in that it concentrates in vivo and in 
vitro in lung tissue in experimental animals.(9) It pro- 
duces acute pulmonary edema and dense intraalveolar 
pulmonary fibrosis (perhaps mediated by the formation 
of superoxide radicals) in patients who do not succumb 
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to acute caustic effects on the gastrointestinal tract or 
acute renal or hepatic failure (10). Only limited data are 
available on the pulmonary sequelae among survivors of 
acute poisoning. However, some reports suggest that fi- 
brosis and pulmonary function abnormalities, especially 
decreased diffusing capacity, occur among some survi- 
vors (1 1-15). 

There have been a few reports of poisoning and death 
from pulmonary fibrosis as a result of dermal exposure 
to paraquat (16), including cases which have occurred 
after the application of dilute paraquat according to label 
instructions (17, 18). In the occupational setting, such 
cases are probably rare in developed countries, where 
application is commonly aerial and where workers are 
more likely to be well protected (19). In developing 
countries the heaviest occupational dermal exposures oc- 
cur among workers applying paraquat with knapsack 
sprayers. Personal protective equipment is often not 
available, sprayers are poorly serviced, and epistaxis, 
damage to (and subsequent loss of) fingernails and toe- 
nails, and rashes (which would impair the dermal barrier 
to absorption) are reported to be common (20-22). It is 
among these heavily exposed workers that systemic poi- 
soning resulting from dermal absorption might occur. 

Although undamaged human skin appears to provide 
protection against diluted paraquat, skin penetration of 
chemicals, including pesticides, can vary considerably 
(23). Scrota1 skin is 42 times more permeable than fore- 
arm skin (24). Experimental damage to human skin 
(stripping with tape until it glistens) and occlusion and 
hydration of skin may increase penetration by 20-fold. 
Analogs to these experimental procedures occur in the 
occupatio~lal setting. Exposed skin can be occluded and 
hydrated, for example, by a leaky knapsack sprayer 
against an applicator's back or by exposure to the axil- 
lary or inguinal folds. There is ample evidence that 
paraquat causes rashes, damaging skin, especially skin 
of the easily penetrated genitalia, which appears to be 
especially sensitive to damage upon exposure to paraquat 
solutions (20, 22, 25-29). Deaths have been reported 
among rabbits exposed daily to as little as 1.1 mglkg 

Table 1. Relationship between exposure to paraquat and demo- 
graphic and smoking characteristics of the study population. 

Exposure group Men Women 

Smokers Age Smokers Age 

(%) Mean SD (') Mean SD 
- - 

No exposure 
(N = 152) 66 379  9 7  19 35.3 8.2 
Low exposure 
(N = 63) 
(no rash) 67 38 1 8 4 15 31 5 4.2 
Intense exposure 
(N = 71) 
(h~story of rash) 67 38 8 9 9 14 33.0 6.3 

under occlusion (the lowest dose tested)(30). This is less 
than the total dermal exposures reported in studies of 
exposed knapsack sprayers (up to 113 mg/kg in an hour 
on Central American banana plantations with conditions 
similar to those of the present study) (31). 

It is not known whether chronic, heavy occupational 
exposure produces chronic pulmonary disease. Based on 
the chronic effects of acute poisoning, one might expect 
to see pulmonary fibrosis. However, there have been few 
epidemiologic studies on this topic. One recent study 
found no abnormalities in lung function among workers 
chronically exposed to paraquat (32). Other studies have 
been flawed by insensitive methods (20, 22), small sam- 
ple sizes (33), or exposures to multiple pesticides (34). 
The present study is a large cross-sectional evaluation of 
long-term subacute pulmonary sequelae of paraquat ex- 
posure among knapsack sprayers in Nicaragua. The a 
priori hypothesis of this study was that, among exposed 
workers, those with a history of skin rash or burn would 
have been more likely to experience the peak exposures 
which might produce chronic pulmonary disease. 

Population and work practices 

During 1987 and 1988 each of the 15 plantations owned 
by a large banana exporting company in Northern Pacific 
Nicaragua was visited. The total number of employees 
during that period averaged approximately 2300 work- 
ers. The plantations relied heavily on paraquat for con- 
trolling weeds around the base of the banana plants. A 
20% concentrate was transferred from a 55 gallon drum 
into unlabeled containers. These containers were carried 
by teams of 2-6 workers into the fields, where the 
concentrate was diluted with water to a 0.1-0.2% spray 
solution and applied from knapsack sprayers. Many of 
the workers carried, mixed, and loaded their own con- 
centrated solutions in the fields, resulting in greater ex- 
posures than if they worked only as applicators. Absorp- 
tion may be further enhanced by the addition of a surface 
active "wetting agent" to the formulation (35). 

The importance of personal protective equipment in 
preventing skin damage from paraquat has been empha- 
sized by regulatory agencies (36). However, as in much 
of the developing world, personal protective equipment 
is unavailable or cannot be used in Nicaragua because of 
tropical heat (37). Workers wore rubber boots and long 
pants, short sleeved shirts, and no gloves or respiratory 
protection. 

Paraquat spraying was heaviest during the rainy sea- 
son from June through December. Workers were as- 
signed full time to paraquat spray teams for periods from 
a few days to 6 months or more at a time. The women 
smoked less than the men and were younger than the 
men in all the exposure groups (table 1). 
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Subjects and methods 

All workers present were surveyed as they received job 
assignments for the day each plantation was visited. All 
workers 24 years of age or older who reported never 
having applied paraquat (known in Nicaragua by its trade 
name GramoxoneTM) and all workers who reported hav- 
ing spent a cumulative total of 24 months or more apply- 
ing paraquat by knapsack sprayer were invited to remain 
for an interview and spirometric examination. A total of 
134 workers (100 men and 34 women) with 2 or more 
years' exposure to paraquat (95% participation) and 152 
(88 men and 64 women) who had never applied paraquat 
(92% participation) were examined. 

On the basis of the questionnaire responses, the work- 
ers were divided into 3 groups: (i) unexposed workers 
who reported no history of work with paraquat (N = 152), 
(ii) exposed participants who reported cumulative expo- 
sure as paraquat knapsack sprayers for 24 or more months 
but no history of rash or skin burn attributed to paraquat 
exposure (N = 63), and (iii) more intensely exposed 
workers with at least 24 months of cumulative work as 
knapsack sprayers who also reported a prior history of 
rash or skin burn attributed to paraquat (N = 71). 

Questionnaire 
Each participating worker was interviewed using a stand- 
ardized questionnaire modified from the respiratory ques- 
tionnaire of the British Medical Research Council (38). 
Outcomes of interest included 3 grades of exertional 
dyspnea (while walking on an incline or while hurrying 
- grade 1; while walking with people of the same age 
on level ground - grade 2; and while walking at one's 
own pace on level ground - grade 3); chronic bronchitis 
(productive cough for more than 3 months yearly for 2 or 
more years); and acute, intermittent shortness of breath 
accompanied by wheezing. In addition, workers were 
asked about left elbow pain, a symptom unlikely to be 
related to paraquat exposure, which was included as an 
indication of possible indiscriminate overreporting. 

The participants were also asked about other symp- 
toms previously reported to be associated with paraquat 
exposure (nail damage or loss of nails, bloody nose, 
splashes in eyes). 

Potential confounders (age and lifetime cumulative 
smoking history of 20 packs of cigarettes or more) were 
also identified. 

Exposure 
Because more concentrated paraquat or solutions of 
paraquat in contact with occluded skin may be more 
likely to cause skin damage and skin damage is known to 
enhance pesticide absorption, rash or skin burn was used 
as a surrogate for the intensity of exposure for the pur- 

pose of evaluating a dose-response relationship between 
exposure and health outcome. 

Spirometry 

All the workers were examined with a Collins water- 
sealed survey spirometer (WE Collins, Braintree, Massa- 
chussetts, United States) and by technicians following 
American Thoracic Society recommendations (39). The 
instrument was calibrated at the beginning and end of 
each workday with a 3-liter syringe. Forced vital capaci- 
ty (FVC) and forced expiratory volume in 1 second 
(FEV, ,) were measured. Regression formulas for ex- 
pected values were obtained from a working population 
of Nicaraguans not exposed to pulmonary toxins (40). 
Workers with an FVC of <80% of the predicted value 
were classified as having a restrictive defect; participants 
with an FEV, ,:FVC ratio of <0.70 were classified as 
having an obstructive defect. 

Analysis 
Univariate and multivariate a~lalyses were conducted us- 
ing an SPSS-PC program (41). The estimation of relative 
risks was based on the Mantel Haenszel procedure (42). 
The 95% confidence intervals (95% CI) of the odds 
ratios were calculated accordiiig to a method described 
by Miettinen (43). A logistic regression analysis of the 
data was also undertaken. 

Results 

Among the exposed group of 134 subjects, 53% reported 
having experienced a skin rash or burn resulting from 
paraquat exposure. Epistaxis due to paraquat exposure 
was reported by 25%, nail damage by 58%, and eyes 
splashed with paraquat by 42%. Several workers anecdo- 
tally reported continued blurred vision, which they at- 
tributed to such a splash. One worker was examined who 
had an opacified cornea as a result of spilling concentrate 
in his eye. (He was not part of the study population, 
because he had not worked cumulatively for 2 years or 
longer with paraquat.) 

There was a higher proportion of exposed workers 
with a history of skin rash or burn reporting a history of 
nail damage, compared with the exposed workers with 
no history of skin rash or burn [relative risk (RR) 1.4, 
95% CI 1.1-1.91. (See table 2.) More intensely exposed 
workers also reported more epistaxis (RR 2.2, 95% CI 
1.1-4.1) and spills affecting eyes (RR 1.4, 95% CI 
0.9-2.1). 

Among the exposed workers there was a larger pro- 
portion with exertional dyspnea of all grades, especially 
grade 3 (table 3). There was a consistent dose-response 
relationship between the intensity of exposure and exer- 
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tional dyspnea after adjustment for smoking, age, and 
gender. The prevalence of chronic bronchitis (not statis- 
tically significant) and the prevalence of episodic short- 
ness of breath accompanied by wheezing were increased 
only in the more intensely exposed group (table 4). The 
risk ratios for the symptoms presented were essentially 
unchanged after all the subjects who reported left elbow 
pain, a symptom which would not be expected to be 
related to paraquat exposure, were excluded from the 
analysis. Because they did not differ essentially from the 
stratified analysis, the results of the logistic regression 
procedure are not presented. There was no evidence of 
an interaction between age and exposure. 

Table 2. History of skin rash or burns in relation to other known 
effects of paraquat exposure. 

Group Nail damage Nose bleed Spill in eye 

N % N % N % 

Low exposure 
(no rash) 
(N = 6Sa) 29 48 9 15 21 35 
Intense exposure 
(history of rash) 
(N = 71 a) 48 68 23 33 34 49 

a Number varies slightly by effect because of missing data. 

There was no relationship between abnormal spiro- 
metric results and exposure (table 4), nor was there a 
consistent decline in FVC (or FEV,,,) in relation to expo- 
sure (table 5). A history of smoking was associated with 
a decreased FEV,,, among the women but not among the 
men. 

Discussion 

The increased prevalence of self-reported exertional dys- 
pnea, episodic shortness of breath accompanied by 
wheezing, and possibly chronic bronchitis among 
paraquat-exposed workers suggests an effect of long- 
term paraquat exposure on respiratory health. In addi- 
tion, there was a clear dose-response relationship be- 
tween exposure and exertional dyspnea, the principal 
symptom of interest because of its association with pul- 
monary fibrosis. An increased prevalence of episodic 
shortness of breath with wheezing was seen only among 
the more intensely exposed group. These observed ef- 
fects could not be explained by confounding factors or 
by possible overreporting (represented by the reporting 
of left elbow pain). 

Table 3. Dyspnea among the exposure groups. (OR = odds ratio, 95% CI = 95% confidence interval) 

Group Without Grade 1 dyspnea Grade 2 dyspnea Grade 3 dyspnea 
dyspnea 

N % N % ORa 95% CI N % ORa 95% CI N % ORa 95% CI 

No exposure 
(N = 1 52b) 95 63 25 16 . 11 7.2 . 21 14 . 
Low exposure 
(N = 63b) 30 48 7 11 1.0 0.36-2.9 6 9.5 1.6 0.59-4.5 20 32 2.8 1.4-5.6 
Intense 
exposure 
(N = 71 b, 26 37 7 10 1.1 0.39-3.3 7 10 2.0 0.71-5.6 30 43 4.6 2.4-9.0 

a Exposure odds ratio for each grade of dyspnea compared with workers with no dyspnea (adjusted for age, gender, and smoking history). 
Number varies slightly by effect because of missing data. 

Table 4. Chronic bronchitis, episodic dyspnea accompanied by wheezing, and abnormal spirometry in the exposure groups. (OR = odds 
ratio, 95% CI = 95% confidence interval) 

Group Chronic bronchitis Episodic dyspnea with Spirometry 
wheezing 

Restrictive Obstructive 

N % ORa 95% CI N % ORa 95% CI N % ORa 95% CI N % ORa 95% CI 

No 
exposure 
(N = 1 5Zb) 17 12 
Low 
exposure 
(N = 63b) 8 13 1.0 0.41-2.6 8 13 0.98 037-2.6 5 8.9 1.2 0.41-3.7 5 8.9 0.93 0.32-2.7 
Intense 
exposure 
(N = 71 b, 16 23 2.0 0.92-4.4 20 28 2.9 1.4-6.3 1 1.6 0.16 0.02-1.4 9 13 1.3 0.51-3.4 

-- - 

a Exposure odds ratlo adjusted for age, gender, and smok~ng h~story 
Number varies sl~ghtly by effect because of mlsslng data. 
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Table 5. Regression coefficients for exposure to paraquat and other predictors of forced expiratory volume in 1 s (FEV, ,) and forced vital 
capacity (FVC). 

FEV, o FVC 

Men Women Men Women 

Regression P-value Regression P-value Regression P-value Regression P-value 
coefficient coefficient coefficient coefficient 

value 

Height 0.033 < 0.001 0.021 0.004 0.053 < 0.001 0.024 0.004 

Age -0.023 < o.001 -0.026 < 0.001 -0.01 1 .OI -0.020 < 0.001 
Smoking -0.059 0.41 -0.229 0.001 -0.079 0.35 -0.152 0.13 
Low exposure 
(no rash) -0.068 0.43 -0.018 0.83 -0.077 0.45 0.003 0.98 
High exposure 
(history rash) 0.008 0.91 -0.027 0.78 0.01 1 0.91 -0.063 0.57 

The large proportion of chronically exposed paraquat 
applicators who reported episodes of damage to skin, 
nails, and nasal mucosa suggests that this was a highly 
exposed population. Among knapsack sprayers in other 
parts of the developing world, high rates of nail damage 
have been reported (19% of applicators on sugar estates 
in Trinidad) (21), as have epistaxis and eye splashes 
(20). Although skin damage has been reported (20, 36, 
44), there have been no previous studies which have 
reported the proportion of exposed workers previously 
affected. The study population demonstrated good inter- 
nal consistency between the previously reported com- 
mon effects of paraquat exposure and skin rash or burn 
(table 2). 

Among the unexposed workers in this study, the prev- 
alence of chronic bronchitis (12%) and intermittent short- 
ness of breath with wheezing (1 1 %) was within the range 
reported in studies conducted in the United States (45) 
and in other published studies from Nicaragua (46, 47). 
From cross-cultural studies the prevalence of chronic 
bronchitis is known to vary widely (48). In North Ameri- 
can and British populations the prevalence of dyspnea 
determined according to the questionnaire of the British 
Medical Research Council is generally lower than the 
37% (grade 1 or above) in unexposed study populations. 
However, a high prevalence of dyspnea has been report- 
ed from other surveys of unexposed workers in Nicara- 
gua and in some surveys of workers and communities 
unexposed to industrial pollution in the United States 
and Great Britain (table 6). The relatively high preva- 
lence of dyspnea among unexposed Nicaraguan workers 
may result from confusion between shortness of breath 
and fatigue in the tropical heat characteristic of work on 
a banana plantation. Indeed, the local idiom for shortness 
of breath is "fatiga", which can also be used to refer to 
fatigue. It is also possible that dyspnea results from some 
unidentified exposure in the agricultural environment, 
which is known to be associated with numerous agents 
producing respiratory diseases (54). Although the pre- 
cise interpretation of the clinical significance is unclear, 

it is apparent that paraquat-exposed workers have more 
respiratory symptoms than unexposed workers. 

A puzzling feature of these results is the lack of a 
relationship between exposure and objective measure- 
ments of pulmonary function. If paraquat exposure were 
producing symptoms mediated by either obstructive or 
restrictive disease, one would expect to see cosrespond- 
ing spirometric abnormalities. While it may be that long- 
term paraquat exposure of the type observed has no ef- 
fect on lung function, the index which one would expect 
to be most affected under these circumstances would be 
diffusing capacity (1 1, 12). Although one recent cross- 
sectional study showed no difference in diffusing capaci- 

Table 6. Prevalence of dyspnea reported by workers in a selected 
review of the literature. (US = United States) 

Author Population Percent reporting 
dvs~nea 

Men Women Total 

Castro-Gutierrez 
et al, 1997 
(present study) 
Velazquez et al, 
1991 (46) 
Quintero et al, 
1996 (47) 
Wilcox, 
unpublished datab 
Becklake et al, 
1984 (49) 
Holland & Reid, 
1965 (50) 
Holland & Reid, 
1965 (50) 
Holland & Stone, 
1965 (51) 
Mueller et al, 
1971 (52) 
Lebowitz et al, 
1975 (53) 

Nicaraguan 
plantation 
workers 
Urban Nicaraguan 
workers 
Urban Nicaraguan 
workersa 
Urban Nicaraguan 
workers 
South African 
service workers 
London workers 
aged 40-49 years 
English workers 
aged 40-49 years 
US urban workers 
aged 40-49 years 
US nonindustrial 
community 
US nonindustrial 
community 

a Grade 2 dyspnea only. 
Meg Wilcox, Survey of textile mill workers (in jobs unexposed to cotton 
dust), Nicaraguan Ministry of Labor, unpublished data. 
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ty between paraquat exposed and never exposed workers 
(32), a South African investigation reported abnormal 
diffusing capacity in 6 of 9 heavily exposed workers 
(tested because a co-worker died as a result of dermal 
absorption of paraquat) (55). A follow-up study in which 
rats were dermally administered sublethal concentrations 
of paraquat demonstrated medial hypertrophy, lesions 
identical to those seen in lung biopsies of the 2 most 
seriously affected workers in the South African study. 
The authors suggested that acute fulminant paraquat poi- 
soning manifests itself as pulmonary fibrosis, while sub- 
acute exposure manifests itself as medial hypertrophy 
and decreased diffusing capacity, often with normal FVC. 
Such an effect would explain the high prevalence of 
dyspnea associated with exposure among the workers in 
the present study, in the absence of spirometric abnor- 
malities associated with exposure. Alternatively, this pat- 
tern might be seen with transient symptoms due to re- 
versible obstructive airway disease not apparent when 
the patient is free of symptoms. The spirometric results 
are associated with other known predictors of lung func- 
tion (height, age, smoking) (table 5). The lack of a more 
consistent effect of smoking on FEV,, is probably the 
result of the sporadic and often minimal smoking histo- 
ries of rural workers in Nicaragua. 

As with any cross-sectional study design, an inherent 
limitation to the data in this study is the selection bias 
which would occur if a person suffered an acute decline 
in pulmonary health which resulted in a worker becoming 
disabled. Such cases would be lost to the study, because 
these workers would no longer be working, and the study 
would underestimate the effect of paraquat exposure. 

Further study is urgently needed to determine wheth- 
er there is a widespread threat to pulmonary health as a 
result of occupational paraquat exposure. Follow-up stud- 
ies of respiratory symptoms should be conducted among 
workers in Central America and in other cultures to see if 
a similar dose-response relationship between exposure 
and dyspnea is observed. It was not possible in this study 
to take X-rays or to measure diffusing capacity, but such 
examinations should be done in future studies, if possi- 
ble with a prospective study design. 
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