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Objectives The aim of this study was to investigate the possibility of subtoxic exposure to pesticides causing 
chromosome aberrations in greenhouse workers. 
Methods In a cross-sectional and prospective study design chromosome aberration frequencies in cultured 
lymphocytes were examined for 116 greenhouse workers exposed to a complex mixture of almost 50 insecticides, 
fungicides, and growth regulators and also for 29 nonsmoking, nonpesticide-exposed referents. 
Results The preseason frequencies of chromosome ahelrations were slightly but not statistically significantly 
elevated for the greenhouse workers when they were compared with the referents. After a summer season of 
pesticide spraying in the greenhouses, the total frequencies of cells with chromosome aberrations were significant- 
ly higher than in the preseason samples (P=0.02) and also higher than for the referents (P=0.05). This finding was 
especially due to an increased number of cells with chromatid gaps between the first and second samples 
(P=0.001 j. The results may reflect an additive genotoxic effect of the spraying season, for which the use of 
insecticides and growth regulators (but not fungicides) culminates. The highest elevation in the risk of chromatid 
gaps was observed for persons who did not use gloves during re-ently activities such as nipping, cutting, pricking, 
and potting (risk ratio 2.88,95% confidence interval 1.63-5.1 1). 
C O ~ C ~ U S ~ O ~ S  The present results suggest a genotoxic effect from a complex subtoxic occupational pesticide 
exposure. In general, the findings indicate the importance of personal protection, during high-exposure re-entry 
activities, in preventing pesticide uptake and genetic damage. 

Key terms biomarkers, fungicides, genotoxicity, growth regulators, insecticides, lymphocytes. 

In temperate countries, the most intense agricultural pes- 
ticide exposure is likely to occur in greenhouses with or- 
namental production. In Denmark, 6000 workers per- 
forming re-entry activities are potentially exposed. A 
minor group of workers occasionally and transitorily mix 
and apply pesticides. 

During recent years only pesticides of low acute tox- 
icity to humans have been used in Denmark, and safe 
work habits have been promoted by the authorities. Es- 
pecially the personal protection and hygiene of applica- 
tors have been improved. This change is probably the 
main reason why pesticide poisonings have become ex- 
tremely rare events in Denmark during the last few dec- 
ades (1, 2). Hence the actual exposure of greenhouse 
workers probably occurs in re-entry activities such as 
cutting and trimming cultures recently treated with 

pesticides. The main route of uptake is through the skin, 
in particular on the hands and forearms, and some expo- 
sure may also occur orally (3-5). 

While the acute toxic effects of overexposure to pes- 
ticides are well known, there is insufficient information 
on the possible genotoxic hazards that may arise from 
subtoxic occupational exposure (6,7). Information about 
the mutagenicity of single pesticides or mixtures of pes- 
ticides is mainly derived from a variety of short-term 
tests, and mutagenic compounds have been found among 
all major categories of pesticides, including fungicides, 
insecticides and herbicides (6-1 0). Several field stud- 
ies of applicators and persons in highly exposed agricul- 
tural jobs have suggested a genotoxic risk (1 1-20) al- 
though some of the investigations have given negative 
results (21-25). The complexity and seasonal character 
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of pesticide exposure and the variable pesticide prepara- 
tions used make it difficult to compare the results of dif- 
ferent studies. 

The aim of this study was to investigate the possibil- 
ity of subtoxic exposure to pesticides causing chromo- 
some aberrations in greenhouse workers. 

Sub]eels and methods 

Subjects 
The cytogenetic effects of pesticide exposure were in- 
vestigated partly as a cross-sectional study among green- 
house workers and nonsmoking referents before the 
spraying season and partly as a prospective study through 
the resampling of greenhouse workers in the season in 
which the use of pesticides culminated. 

The exposed group consisted of 116 healthy male 
greenhouse workers engaged in 30 floriculture-produc- 
ing nurseries situated in Odense and Aarhus. None of the 
greenhouse workers had experienced an acute pesticide 
intoxication during the investigation period. The mean 
nursery area covered by glass was 17 700 (range 5000- 
50500) m2. 

A comprehensive questionnaire with self-completed 
information on medical, occupational, and life-style his- 
tory was checked by a physician. For each exposed per- 
son, work habits were obtained in relation to re-entry 
activities including the use of protective gloves. Correct 
wearing or the intactness of the gloves was not registered. 
The owners, foremen, and applicators recorded informa- 
tion on all pesticide applications from October 1993 to 
October 1994 (type of pesticide, area). 

The reference group consisted of 29 men who were 
members of an organic association and did not use pesti- 
cides. 

The characteristics of the referents and the exposed 
nonsmoking, smoking, and total subjects are shown in 
table 1. The referents were older than the greenhouse 
workers and did not smoke. Drinking habits and the con- 
sumption of caffeine were not markedly different in the 
2 groups, but slightly fewer greenhouse workers than ref- 
erents had been exposed to X-rays during the last year. 
Among the greenhouse workers drinking habits, the con- 
sumption of caffeine, exposure to X-rays, and age were 
not markedly different between the smokers and non- 
smokers. Except for greenhouse workers who were ex- 
amined postseasonally, the data concerning the consump- 
tion of tobacco, alcohol, and caffeine refer to the time of 
the first blood samples. We assumed that the individual 
consumption was constant over time. The nonsmokers in- 
cluded a few ex-smokers who had not smoked for at least 
1 year. 

Blood samples and analysis 

Five-milliliter samples of heparinized peripheral blood 
were collected and shipped by air to Finland. The ship- 
ments were labeled "Do not X-ray", "Keep Cool - Do 
not Freeze", and each batch reached the Finnish Insti- 
tute of Occupational Health the next morning, approxi- 
mately 24 hours after the sampling. 

Three rounds of sample collection were arranged, the 
preseason samples being collected from 110 pesticide 
workers in March 1994 and the postseason samples from 
89 workers in October 1994. A total of 116 greenhouse 
workers participated in the study. Paired samples were 
obtained for 83 persons. In March 1995, altogether 29 
samples were collected from the nonsmoking referents. 

Two whole-blood lymphocyte cultures per sample 
were established in cell culture tubes (Falcon 3033) and 
were cultured and harvested as described previously (26). 
One hundred metaphases were analyzed from micro- 
scopic preparations for chromosome aberrations using the 
Cytoscan Cytogenetics Image Analysis System CS2 for 
metaphase finding. The identity or exposure status of the 
subjects was not revealed to the analyzing laboratory 
before the analyses were completed. The analyses were 
started only after all the slides were available. All the 
analyses for chromosome aberrations were performed on 
coded slides by 1 observer. The aberrations found were 
classified as chromatid- and chromosome-type gaps, 
breaks, and exchanges. The number of cells with these 
types of aberrations and the total number of cells with 
chromatid-type, chromosome-type, and any type of ab- 
errations, excluding or including gaps, were calculated. 

Exposure assessment 

The pesticides used in the greenhouses during the pre- 
ceding 3 months before the first blood sampling and be- 
tween the first and second sampling consisted of a mix- 
ture of almost 50 different compounds, including insec- 
ticides, fungicides, and growth regulators, whereas the 
application of herbicides was negligible. Table 2 shows 
the pesticides most commonly used. 

Table 1. Characterization of the study groups. 

Study Caffeine intake Alcohol intake X-ray Age 
group (glweek) (drinkslweek) exposure (years) 

in past 
Mean Range Mean Range year Mean Range 

- 

Referents (all 
nonsmokers) 
(N=29) 3.7 2.3-15.4 9 0-25 22 38 30-53 
Greenhouse 
workers 

Nonsmokers 
(N=72) 3.2 0-12.8 10 0-38 12 29 19-43 
Smokers 
(N=44) 3.7 0-11.5 11 0-44 11 27 19-41 
All (N=116) 3.4 0-12.8 10 0-44 12 28 19-43 
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Table 2. Insecticides, fungicides, and growth regulators most 
commonly used in the greenhouses studied. 

Type of pesticide Number  of 
greenhouses 

Insecticides 
Pirirnicarb 
Methomyl 
Delthamethrin 
Endosulfan 
Clorpyrifos 
Buprofezin 
Dienochlor 
Fenpropathrin 
Alfacyperrnethrin 
Amitraz 

Fungicides 
Benomyl 
lprodion 
Chlorothalonil 
Carbendazim 
Vinclozolin 
Thiram 

Growth regulators 
Chlormequatchlorid 
Daminozid 
Praclo butrazol 

0 - 8  8 --, 8 8 2 
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Figure 1. Mean n u m b e r  of pesticide applications per area units in all 
the greenhouses according to the  month of the year. (reg = regulators) 

Figure 1 shows the monthly mean number of pesti- 
cide treatments per area units in the greenhouses stud- 
ied. Most applications concerned growth regulators, fol- 
lowed by insecticides; July and August were the busiest 
months. The use of fungicides remained low throughout 
the year, with a small peak in April. 

The prospective study was based on the overall as- 
sumption that exposure to pesticides is substantially high- 
er during the spraying season from May to August (fig- 
ure I), although the greenhouse workers are exposed to 

pesticides throughout the year. The job tasks of the green- 
house workers were many, including pricking, potting, 
nipping, cutting cuttings, spacing cultures, working with 
pot machines, moving tables, packing, care, and surveil- 
lance. It was assumed that some of these tasks (eg, nip- 
ping, cutting, pricking, and potting) imply high-dermal 
exposure, especially due to the transfer of pesticide resi- 
dues from culture to hands and forearms. The effects of 
current seasonal exposure to pesticides, particularly 
hands and forearms, was assessed by comparison of 
postseason and preseason samples (overall effect of the 
spraying season) and by classifying the greenhouse work- 
ers according to the use of protective gloves during re- 
entry job tasks (yes-no). 

Data analysis and statistics 

The discrete numbers of cells with various types of chro- 
mosome aberrations were tested for Poisson distribution. 
The analysis showed no sign of a positive correlation at 
all between the pre- and postseason on the number of 
cells with any type of chromosome aberration. The 83 
paired samples (pre- and postseason) were found to be 
independent, according to the bivariate Poisson distribu- 
tion, which allows a positive correlation between paired 
samples. In the bivariate Poisson model for the total 
number of cells with chromosome aberrations (gaps in- 
cluded), the estimated correlation was 0, and the Pear- 
son correlation coefficient was -0.26 (27). 

To control for possible confounders, we analyzed the 
data using a multiple log-linear Poisson regression mod- 
el. When the nonsmoking greenhouse workers were com- 
pared with the referents (all nonsmokers), the model in- 
cluded pesticide exposure (yes or no), age (years), and 
caffeine intake (gramslweek). The effect of the spraying 
season and glove use was studied for the greenhouse 
workers in a model including the sampling (preseason or 
postseason), use of gloves (yes or no), current smoking 
status (yes or no), age, and caffeine intake. Among the 
greenhouse workers, caffeine intake positively influenced 
the total frequency of aberrant cells, including gaps, and 
the frequency of cells with chromatid gaps in the Pois- 
son model including age, caffeine, smoking, season, and 
the use of protective gloves. In the reference group, the 
effect of caffeine intake did not show clear effects. When 
greenhouse workers not consuming caffeine were defined 
as referents, the intake of 1 gram of caffeine per week 
increased the rate ratio for the total frequency of aber- 
rant cells, gaps included, to 1.05 for the pesticide work- 
ers. Age and smoking had no independent influence on 
the frequency of cells with chromosome aberrations. The 
SASISTAT software package (version 6.12,4th edition, 
volume 2, SAS Institute Inc., Cary, NC, USA) was used 
for the statistical analyses. 
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The results of the cytogenetic analysis of the 2 samplings 
of the greenhouse workers and the single sampling of the 
referents are reported in table 3 separately for the smok- 
ers and nonsmokers. In the cross-sectional study, con- 
cerning only nonsmokers, the frequencies of cells with 
chromatid gaps, chromosome-type exchanges, and total 
chromosome-type aberrations were slightly, but not sta- 
tistically significantly higher in the first samples of the 
greenhouse workers than in the samples of the referents. 

In the prospective study, including both the smoking 
and nonsmoking greenhouse workers (table 3), the total 
frequencies of cells with chroinosome aberrations (gaps 
included) were higher in the second than in the first sam- 
pling (P=0.02). This effect was seen in several aberra- 
tion categories, but was particularly clear for the number 
of cells with chromatid gaps (P=0.001) and the total 
number of chromatid aberration gaps included (P=0.05). 
On the other hand, the number of cells with chromosome- 
type exchanges was higher preseasonally than postsea- 
sonally (P=0.01). In the postseason samples of the non- 
smoking greenhouse workers, the frequency of cells with 
chromatid gaps was higher than in the samples from the 
(nonsmoking) referents (P=0.05). 

The crude results of the cytogenetic analysis of the 2 
samplings of the greenhouse workers stratified accord- 
ing to the use of protective gloves during re-entry activi- 
ties and smoking are shown in table 4. For smoking non- 
glove users, a significant increase in the total frequency 
of cells with chromosome aberrations (gaps included) 
was found for the postseason values when they were com- 
pared with the preseason values (P=0.04), whereas the 

excess was not statistically significant for the nonsmok- 
ing nonglove users (P=0.39) or, regardless of smoking 
habits, the workers who had worn gloves (P=0.17). The 
excess in the total frequency of cells with chromosome 
aberrations was, as already shown, mainly due to an in- 
crease in the frequency of cells with chromatid gaps. A 
separate analysis coinparing pre- and postseason chroma- 
tid gaps revealed an overall increased risk ratio for green- 
house workers who had not used gloves during re-entry 
activities [risk ratio (RR) 2.88, 95% CI 1.63-5.111 in 
the Poisson regression model correcting for the effects 
of age, caffeine intake, and smoking. The increased risk 
was observed regardless of smoking, although the smok- 
ers showed a higher risk ratio (RR 7.86, 95% CI 1.72- 
36.0) than the nonsmokers (RR 2.21, 95% CI 1.18- 
4.15), mainly due to their very low value in the presea- 
son sampling. The excess was not statistically significant 
for the workers who had worn gloves, even though smok- 
ers in this group showed a risk ratio of 1.71 (95% CI 
0.92-3.19). The smoking glove users actually had a 
higher mean frequency of cells with gaps than the non- 
users in both samplings. 

Discussion 

Our study suggests that greenhouse workers employed 
in ornamental production have an elevated frequency of 
cells with chromosome aberrations, especially chroma- 
tid gaps, in their peripheral lymphocytes postseasonally 
when compared with their preseason values and the val- 
ues of referents. The postseason samples were taken from 

Table 3. Frequencies of cells with structural chromosome aberrations in peripheral lymphocytes of the greenhouse workers and refer- 
ents. 

Study group N Chromatid-typea Chromosome-typea Total 

Gaps (%) Breaks (%) Total Breaks Exchanges Total Gaps Gaps 
(%) (%) excluded included 

Gaps - Gaps + Gaps - Gaps + (%) (%) - - - - --- - - -- 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Nonsmoking 
referents 29 0.31 0.60 1.00 0.80 1.03 0.82 1.34 1.14 0.17 0.38 0.10 0.31 0.28 0.45 0.28 0.45 1.31 0.85 1.62 1.15 
Greenhouse workers 

Preseason 
Smokers 42 0.48 0.63 0.74 0.94 0.81 0.99 1.29 1.13 0.14 0.42 0.33 0.57 0.48 0.67 0.52 0.67 1.29 1.31 1.81 1.42 
Nonsmokers 68 0.56 0.70 0.90 0.92 0.91 0.93 1.46 1.08 0.18 0.42 0.28 0.59 0.44 0.78 0.47 0.78 1.34 1.19 1.91 1.24 
All 110 0.53 0.67 0.84 0.92 0.87 0.95 1.39 1.10 0.16 0.42 0.30 0.58 0.45 0.74 0.49 0.74 1.32 1.23 1.87 1.31 

Postseason 
Smokers 31 1.10 0.83 1.10 0.98 1.13 0.99 2.16 1.13 0.13 0.34 0.19 0.40 0.32 0.54 0.42 0.56 1.45 1.26 2.55 1.39 
Nonsmokers 58 0.91 0.88 0.97 0.99 1.00 0.99 1.90 1.21 0.28 0.49 0.09 0.34 0.35 0.58 0.38 0.62 1.33 1.18 2.24 1.49 
All 9 0.98 0.87 1.01 0.98 1.04 0.99 1.99 1.18 0.22 0.45 0.12 0.36 0.34 0.56 0.39 0.60 1.37 1.20 2.34 1.45 

a Chromatid-type exchanges and chromosome-type gaps were rare and have not been shown separately. 
Referents versus greenhouse workers prior to the season, nonsmokers: chromatid gaps (P=0.09), chromosome exchanges (P=0.07); referents versus 
greenhouse workers after the season, nonsmokers: total + gaps (P=0.05), total chromatid-type aberrationst gaps (P=0.06), chromatid gaps 
(P=0.0007); preseason versus postseason, all: total t gaps (P=0.02), total chromatid-type aberrations t gaps (P=0.05), chromatid gaps (P=0.001), 
chromosome exchanges (P=0.01). 
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Table 4. Frequencies of cells with structural chromosome aberrations in peripheral lymphocytes of the greenhouse workers exposed to 
pesticides. Whole-blood lymphocyte cultures were cultured for 48 hours, and 100 metaphases were scored per persoma 

Use of N Chromatid-typea Chromosome-typea Total 
protective 
gloves Gaps (%) Breaks (%) Total Breaks Exchanges Total Gaps Gaps 

(%) excluded included 
Gaps - Gaps t Gaps - Gaps t (%) 

- - - - - - - (Yo) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Yes 
Preseason 

Smokers 25 0.72 0.68 0.60 0.76 0.64 0.76 1.36 1.04 0.16 0.47 0.36 0.64 0.52 0.77 0.60 0.76 1.16 1.18 1.96 1.34 
Nonsmokers 38 0.63 0.71 0.87 0.96 0.87 0.96 1.47 1.08 0.11 0.31 0.21 0.62 0.29 0.69 0.32 0.70 1.16 1.22 1.79 1.23 
All 63 0.67 0.70 0.76 0.89 0.78 0.89 1.43 1.06 0.13 0.38 0.27 0.63 0.38 0.73 0.43 0.73 1.16 1.19 1.86 1.27 

Post season 
Smokers 17 1.30 0.85 0.94 0.90 1.00 0.94 2.18 0.95 0 0.24 0.44 0.24 0.44 0.35 0.49 1.24 1.09 2.47 1.12 
Nonsmokers 31 0.77 0.92 0.97 0.95 0.97 0.95 1.74 1.18 0.35 0.55 0.06 0.36 0.39 0.67 0.39 0.67 1.32 1.25 2.10 1.58 
All 48 0.96 0.92 0.96 0.92 0.98 0.93 1.90 1.12 0.23 0.47 0.13 0.39 0.33 0.60 0.38 0.61 1.29 1.18 2.23 1.43 

N 0 
Preseason 

Smokers 17 0.12 0.33 0.94 1.14 1.06 1.25 1.18 1.29 0.12 0.33 0.29 0.47 0.41 0.51 0.41 0.51 1.47 1.50 1.59 1.54 
Nonsmokers 30 0.47 0.68 0.93 0.87 0.97 0.89 1.43 1.10 0.27 0.52 0.37 0.56 0.63 0.85 0.67 0.84 1.57 1.13 2.07 1.26 
All 47 0.34 0.60 0.94 0.96 1.00 1.02 1.34 1.17 0.21 0.46 0.34 0.52 0.55 0.75 0.57 0.74 1.53 1.27 1.89 1.37 

Postseason 
Smokers 14 0.86 0.77 1.29 1.07 1.29 1.07 2.14 1.35 0.29 0.47 0.14 0.36 0.43 0.65 0.50 0.65 1.71 1.44 2.64 1.69 
Nonsmokers 27 1.07 0.83 0.96 1.06 1.04 1.06 2.07 1.24 0.19 0.40 0.11 0.32 0.30 0.47 0.37 0.56 1.33 1.11 2.41 1.39 
All 41 1.00 0.81 1.07 1.06 1.12 1.05 2.10 1.26 0.22 0.42 0.12 0.33 0.34 0.53 0.41 0.59 1.46 1.22 2.49 1.49 

a Preseason versus postseason, no glove users, all: total t gaps (P=0.06), chromosome exchange (P=0.03), total chromatid t gaps (P=0.07), 
chromatid gaps (P=0.0001); preseason versus postseason,glove users, all: chromosome exchanges (P=0.06), total chromatid t gaps (P=0.06), 
chromatid gaps (P=0.09). 

the exposed group at the end of a period in which the 
use of insecticides and growth regulators, but not fungi- 
cides, culminated. Our findings indicate that continuous 
subtoxic pesticide exposure induces genotoxic damage 
during the intense pesticide use of the summer spraying 
season. The effect of the spraying season was primarily 
observed for the workers who had not used gloves dur- 
ing re-entry activities when performing nonspraying job 
tasks involving high-dermal exposure, such as nipping, 
cutting, pricking, and potting. These findings agree with 
the generally accepted assumption that exposure to pes- 
ticides during re-entry activities mostly occurs through 
the hands and forearms, pesticides being taken up either 
percutaneously or orally (3-5). Although we could not 
show any clear effects of smoking on chromosome aber- 
rations in general, the greenhouse workers who had not 
used protective gloves and were current smokers showed 
a much higher risk ratio of chromatid gaps than the non- 
smokers did. Thus smoking may potentiate the genotox- 
ic effects of pesticides, possibly due to its own genotox- 
ic effects or to an increase in oral exposure to pesticides. 
During smoking, pesticide residues on fingers may reach 
the lips and be swallowed. In many earlier studies, smok- 
ing has been observed to increase chromosome damage 
(21, 26), but this effect may require some time to be es- 
tablished and may not be obvious in young subjects such 
as our greenhouse workers. 

Even though the genotoxic effects primarily showed 
a relationship to the re-entry activities of greenhouse 

workers, the results may have been influenced by those 
who temporarily performed the in-season application of 
pesticides, too. In fact, the degree of protection and the 
duration of the exposure during spraying have been pre- 
viously shown to display an association with the amount 
of individual pesticide uptake measured by serum 
cholinesterase activities and the frequency of sister chro- 
matid exchange in lymphocytes (1, 2, 17). But due to 
very high Danish standards of personal protection and the 
hygiene of applicators, we assumed that pesticide expo- 
sure during mixing and spraying in general are very low 
or negligible under actual work conditions. Nevertheless, 
the findings indicate the importance of protection when 
spraying and during high-exposure re-entry activities 
such as the cutting and trimming of cultures, in prevent- 
ing pesticide uptake and genetic damage. 

As the genotoxic effect was mainly seen in the form 
of chromatid gaps, the results may also suggest that gaps 
represent a reversible form of genetic damage which re- 
flects relatively recent genotoxic exposure. Chromatid- 
type gaps are probably formed in the cell culture from 
DNA (deoxyribonucleic acid) lesions (such as adducts) 
that preexist in vivo. We only included the undislocated 
lesions that were wider than a chromatid but less wide 
than 2 chromatids as gaps. Smaller discontinuities were 
not recorded. As some laboratories would score our gaps 
as breaks, these aberrations can be considered to repre- 
sent a clear class of damage, unlike gaps that have no 
defined lower size limit. 
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Several previous studies have observed increased 
chromosome aberrations and other cytogenetic effects in 
cultured lymphocytes from pesticide-exposed workers 
(1 1-20). The majority of the studies have primarily re- 
ported increased genotoxic damage in suboptimally or 
improperly protected applicators. Other similar studies 
have failed to detect genotoxic effects (21-25). This 
contradiction is probably the result of variation in pesti- 
cide exposure among the workers because of differences 
in crops (eg, field or indoor crops), work habits, and es- 
pecially the wide variety of pesticides used. 

Given the complex exposure to almost 50 pesticides, 
it is not possible to state which agents may have been 
responsible for the observed induction of chromosome 
abersations in the greenhouse workers. Some of the or- 
ganochlorine insecticides, organophosphates, and car- 
bamates, in addition to some fungicidal groups of pesti- 
cides, used in the present study have been reported to 
induce cytogenetic effects in experimental test systems 
(6-10). To our knowledge, there is no information on 
the genotoxic hazard of growth regulators. In our study 
the use of pesticides increased during the spraying sea- 
son, mainly due to an increased application of growth 
regulators and insecticides. Fungicides were used at a low 
rate throughout the year. 

Smoking, age, caffeine intake, and alcohol intake are 
background and life-style variables that may influence 
the frequency of chromosome aberrations. All these fac- 
tors were considered in our analysis, but none of them 
were responsible for the observed differences between 
the exposed and reference groups or between the estimat- 
ed exposure level groups. In fact only caffeine intake 
seemed to have an independent effect on chromosome 
aberrations, mainly chromosome-type breaks. Caffeine 
consumption has earlier been described to be associated 
with an increased rate of lnicronuclei in blood erythro- 
cytes of splenectomized human subjects (28). 

Although the genotoxic mechanisms leading to an 
increased number of chromosome aberrations are not 
known in detail, chromosomal analysis has been adopt- 
ed as a sensitive indicator of genotoxicity (29). Increased 
cancer risk has been associated with increased levels of 
chromosome aberrations, while a similar conclusion has 
not been available for sister chromatid exchanges or mi- 
cronuclei (30, 3 l). Epidemiologic data indicate that pes- 
ticide exposure is associated with an increased risk of 
certain malignant neoplasms (eg, lung cancer, neoplasms 
of lymphatic and hematopoietic tissue, and soft tissue 
sarcomas) (7). The evidence that occupational exposures 
to nonarsenical insecticides entail an excess risk of lung 
cancer was evaluated as "limited" by the International 
Agency for Research on Cancer (7), and the exposures 
were classified as probably carcinogenic to humans. In a 
recent cohort study, an increased risk of lymphatic and 
hematopoietic neoplasms and soft tissue sarcomas was 

observed among 4000 Danish gardeners. The study co- 
hort primarily comprised greenhouse workers (32). 

In conclusion, the results suggest that subtoxic expo- 
sure to pesticides in re-entry activities increases the fre- 
quency of chromosome aberrations in human lym- 
phocytes. The clearest exposure-related effects were ob- 
served for greenhouse workers who did not use gloves 
during re-entry job tasks. As work in greenhouses appears 
to involve exposure to genotoxic agents capable of dam- 
aging human DNA, workers using pesticides should take 
adequate protective measures to prevent long-term effects 
such as neoplasms. 

The authors wish to thank Annette Abell, MD, for or- 
ganizing the blood samplings and Ghita Falck, MSc, for 
help with the processing of the samples. 
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