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Semen quality and sexual hormones in greenhouse workers 
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Okljec!i\r&$ This study focused on determining the testicular function of greenhouse workers exposed to pesticides. 
Method$ Semen was examined for 122 of 199 eligible men (61%) from 30 ornamental flower greenhouses. Spenn 
concentration, morphology, and viability were measured according to World Health Organization guidelines, and 
the curvilinear sperm velocity was determined by a computer-assisted analysis of video recordings. Three groups 
were formed according to expert judgment of current exposure to pesticides from cultures, pesticide foimulations, 
and the transfer of pesticide residues from leaves to hands, and also ranked according to years of work in a 
greenhouse. The risk estimates were adjusted for the effects of sexual abstinence and other potentially confounding 
factors. 
g%@sults According to current exposure the median values of sperm concentration and the proportion of nolmal 
spelmatozoa were 60% and 14% lower, respectively, in the high-level exposure group (N=13) than in the low-level 
group (N=44), and the values of the intermediate group fell in between. The adjusted differences between the high- 
level and low-level exposure groups were statistically significant, while no differences were observed for the 
viability and velocity of sperm and sexual hormones. The median spenn concentration was 40% lower for the men 
with >10 years' experience in a greenhouse than for those with <5 years' experience. The age-adjusted testosleronel 
sex-hormone-binding globulin ratio declined 1.9% (95% confidence interval 0.4-3.4%) per year of work. 
~ ~ i ' l ~ l f l ~ i ~ i ' l ~  The results are compatible with the hypothesis that male fecundity may be at risk from exposure to 
pesticides in the manual handling of cultures in greenhouses. 

Key le~lws fertility, occupation, pesticide, re-entry, spenn, testis. 

Reproductive effects as a result of occupational expo- 
sure to pesticides continue to be  an issue of concern (1, 
2). Animal testing indicates male reproductive toxicity 
in association with several pesticides currently in use in 
Danish greenhouses. The  fungicides benomyl and 
carbendazim are microtubule disruptors (3,4). Two me- 
tabolites of the fungicide vinclozolin have shown an af- 
finity for the male androgen receptor and resulted in 
blockage of androgen activity. Iprodione, a dicarbox- 
imide fungicide as is vinclozolin, has less affinity for the 
androgen receptor, but exposure leads to decreased tes- 
tosterone production (5,6). The organochlorides lindane 
and endosulfan seem to impair steroid synthesis in the 
Leydig cells (7-9). Other pesticides, such as delta- 
methrin, fenvalerate, methomyl, dichlorvos, dimethoate, 

thiram, mancozeb, and captan, have exhibited effects on 
spermatogenesis in animals or mutagenic effects in such 
genotoxicity tests on rodent germ cells as the dominant 
lethal test, the specific locus test, and the heritable trans- 
location test (10-19). Among these pesticides the low- 
est occupational exposure limit for reprotoxic effects in 
males is 4 milligrams per kilogram of body weight per 
day. 

Work in greenhouses can involve primary exposure 
to pesticides during mixing and spraying or secondary ex- 
posure during the handling of sprayed cultures - also 
defined as re-entry exposure. Exposure is mostly through 
the skin on hands and forearms. The magnitude of expo- 
sure depends on the amount of dislodgeable foliar resi- 
due, job task, size of cultures, and type and formulation 
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of pesticides. Through manual contact with cultures the 
transfer of pesticides to gloves, pads or hands varies from 
a few micrograms to a few milligrams per hour (20- 
25). Few studies deal with the actual absorption of pesti- 
cides in relation to re-entry activities in greenhouses. In- 
ternal exposure ranges from 0 mglday to a little less than 
1 mglday (24 26). In a study comparing internal expo- 
sure in relation to different work tasks the benomyl me- 
tabolite methyl-5-hydroxy-2-benzimidazole carhamate 
(5-HBC) was measured (27). Among these workers, the 
application of benomyl seemed to be associated with 
about double the uptake that occurs in re-entry activities. 
As external exposure has been measured as milligrams 
per hour, internal exposure at the lowest occupational ex- 
posure level may produce male reproductive toxicity. We 
hypothesized that the testicular function of ornamental 
greenhouse workers is at risk from dermal exposure to 
pesticide residues during re-entry activities. This paper 
reports the results of a cross-sectional semen study on 
this hypothesis. 

Subjects and methods 

Recruitment 

In the autumn of 1993 we identified 38 greenhouses, each 
with a minimum of 3 male employees. The owners of 34 
of these 38 greenhouses permitted a meeting for all male 
workers at the workplace. In 30 greenhouses at least 1 
person consented to participate, in 2 greenhouses no one 
fulfilled the eligibility criteria (male, age 18-45 years, 
normal puberty, no vasectomy, no known azoospermia, 
no malignant disease, and no intake of sulfasalazine, 
beta-adrenergic blocking drugs or androgens), and in 2 
greenhouses, one with 3 employees and one with 5 em- 
ployees, all declined participation. Among 199 eligible 
men employed in the 34 greenhouses, 124 agreed to par- 
ticipate, and 122 provided a semen sample (61%). The 
age distribution of the participants and nonparticipants 
is given in table 1, the characteristics of the 122 workers 
who gave a semen sample and therefore formed the study 
group for this investigation are shown in table 2, and ta- 
ble 3 presents the characteristics of the 30 greenhouses 
in which the 122 workers were employed. 

Data collection 

The greenhouse workers provided the semen sample in 
the winter of 1993-1994 (14 December to 11 March). 
Blood samples for the measurement of plasma levels of 
testosterone, follicle stimulating hormone (FSH) and 
luteinizing hormone (LH), and cholinesterase were tak- 
en concomitantly. All the semen and blood samples were 

collected between 0600 and 1000. The semen ejaculates 
were obtained at home by masturbation directly into a 
50-ml polyethylene jar and kept there until the analysis. 
The men were instructed to provide the sample within 1 
hour after collection and to keep the sample in a pocket 
close to the body during transportation from the home to 
the workplace. At the woskplace the samples were re- 
ceived by the project team, and the primary analysis and 
preparation was undertaken in a mobile laboratory (28). 
All the samples were examined by the same trained lah- 
oratory technician. A certain duration of sexual ahsti- 
nence was not requested, but the accurate period of con- 
tinence (<I2 hours, 12-24 hours or exact number of full 
days), febrile illness within the last 3 months (body tem- 
perature measured above 38S°C), and spillage during the 
collection were recorded. 

A comprehensive questionnaire with self-completed 
information on reproductive, medical, occupational, and 
life-style history was checked by a physician. Job tasks 
were recorded at the start of the study and during 2 weeks 
in the autumn of 1994. The greenhouse owners, foremen, 
and applicators provided information on all pesticide ap- 
plications from October 1993 to October 1994 (type of 
pesticide, size of area, number of hours, method of ap- 
plication, use of protective equipment). 

Laboratory analysis 

The semen volume was measured in a graded tube at an 
accuracy of 0.1 ml. The sperm concentration was count- 
ed after 1:l dilution with a formalin buffer in a Malcler 
chamber (volume 4.5 yl) using the phase-contrast tech- 
nique at a magnification of 200. The morphology was 
classified according to the 1992 criteria of the World 
Health Organization (29). Smears were air-dried, fixed 
in a mixture of ethanol and ether, and stained using a 
modification of Papanicolaou's stain. Eosin-Negrosin 
was used for vital staining. A 30-second video recording 
of motility was made 3 times in different fields on undi- 
luted and diluted semen (1: 1 dilution with Mar-test buff- 
er). A computer-assisted analysis was undertaken with 
the Hobson Sperm Tracker system. Of several possible 
measures of motility, we selected curvilinear velocity for 
analysis. The sexual hormones were analyzed at 

Table 1. Age distribution of the participants and nonparticipants. 
Information was missing for 22 nonparticipants. 

Age (years) Participants Nonparticipants 

N % N Yo 
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Table 2. Characteristics of the 122 greenhouse workers according to their duration of work in ornamental greenhouses and their estimated 

Person-related characteristics 

Age (years) Tobac- Alcohol Caffeine Body mass 
CrYp- (-0- torch- consumption, consumption, inde 
idism smok- (drinkstweek) (mgtweek) (kg/m2) 
(Yo) ers 

(Yo) 

Subgroup of workers Mean SD Mean S D Mean SD Mean SD 

Duration of work in 
ornamental greenhouses 

0-4 years (N=37) 23.9 4.8 5 49 10.2 9.8 2700 201 7 22.9 2.7 
5-9 years (N=40) 26.7 2.9 8 3 1 11 .O 10.9 3213 2529 23.2 2.5 
21 0 years (N=45) 33.4 4.5 9 33 10.1 10.2 4120 2705 23.3 3.0 

Estimated dermal 
pesticide exposurea 

Low (N=44) 29.8 5.3 11 36 12.1 9.9 3446 241 4 23.6 3.0 
Medium (N=65) 27.2 5.9 6 36 9.5 9.3 3265 2670 23.1 2.8 
High (N=13) 28.6 5.6 0 46 9.6 8.3 3954 2263 21.9 2.2 

a Ranking described under exposure assessment. 
33 c1 beer or 2 cl of 45% alcoholic beverage. 
Cup of coffee = 100 mg, cup of tea = 50 mg, cup of hot chocolate = 25 mg, bottle of cola = 40 mg, piece of chocolate = 25 mg (39) 

Table 3. Greenhouse characteristics. 

Area (m2) 
5000-9999 
10 000-19 999 
20 000-50 500 

Production 
Monocultures 

Rosa hybrid (pot roses) 
Kalanchoe blossfeldiana 
Soleirolia solerolii 
Begonia elatior hybrid 
Gardenia 

More than 1 culturea 
Number of workers aged 18- 

1-3 
4-9 
10-1 9 

Participation rate 
549% 
50-74% 

Number of greenhouses 

1 
3 
1 

20 
-45 years 

a More than 50 different cultures. 

MediLab, in Copenhagen, Denmark. Serum concentra- 
tions of FSH and LH were measured with a micropartic- 
ular enzyme immunoassay technique, plasma testoster- 
one by radio immunoassay (RIA), and serum sex-hor- 
mone-binding globulin (SHBG) by an enzyme-linked im- 
munosorbent assay (ELISA). The plasma cholinesterase 
activity was analyzed at Randers Regional Hospital, 
Randers, Denmark. The frozen plasma was thawed for 5 
minutes at 37OC and diluted 1:s with sodium chloride 
(8.5 gll) immediately preceding the analysis. Two dilu- 

tions were made and analyzed independently of each oth- 
er. The results were recorded as the means of the 2 anal- 
yses. The analyses were done on a Cobas Fara centrifu- 
gal analyzer. 

Exposure assessment 

More than 60 pesticides were used in the 30 greenhous- 
es. The insecticides included several compounds which 
exhibit male reproductive toxicity in some animals 
(MRT). The insecticides most often encountered were 
pirimicarp (in 26 greenhouses), methomyl (in 14 green- 
houses, MRT found), deltamethrin (in 14 greenhouses, 
MRT found), endosulfan (in 12 greenhouses, MRT 
found), chlorpyrifos (in 9 greenhouses), buprofezin (in 9 
greenhouses), dienochlor (in 8 greenhouses), fenpropath- 
rin (in 7 greenhouses), alfacypermethrin (in 6 greenhous- 
es), amitraz (in 4 greenhouses). The most used fungicides 
were benomyl (in 16 greenhouses, MRT found), iprodi- 
one (in 16 greenhouses, MRT found), chlortohalonil (in 
13 greenhouses), carbendazim (in 8 greenhouses, MRT 
found), vinclozolin (in 8 greenhouses, MRT found), and 
thiram (in 4 greenhouses, MRT found). And, finally, the 
most common growth regulators were chlormequat chlo- 
ride (in 23 greenhouses), daminozide (in 17 greenhous- 
es), and praclobutrazol (in 12 greenhouses). 

We defined 3 independent indicators of current ex- 
posure to pesticides during work in ornamental green- 
houses. First, workers were classified according to the 
ratio between the area treated with pesticides during the 
3 months prior to the collection of the semen sample rel- 
ative to the total greenhouse area. A period of 3 months 
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dermal pesticide exposure. 

Semen-related characteristics 

Plasma 
in 1994 

cholinesterase Manual Application 
(kUll) handling of of pesticides 

cultures (hourslweek) 
(hourslday) 

Duration of abstinence Fever Spillage Time from sampling 
(days) during at to analysis (minutes) 

previous sampling 
3 months (%) 
(%I 

Median 25th 75th Median 25th 75th 
per- per- per- per- 
cent- cent- cent- cent- 
ile ile ile ile 

Median 25th 75th Mean SD Mean SD 
per- per- 
cent- cent- 
ile ile 

Table 4. Job tasks of the workers ranked according to estimated 
dermal exposure to pesticides. 

Table 5. Continued. 

Ranking N Jobtasks Sperm concentration (millionlml) 

Median 25th 75th 
percentile percentile 

Low level 44 Administration, care and surveillance, 
working with pot machine, moving tables, 
newly hired 

Medium level 65 Packing, care and surveillance, spacing 
cultures, pricking and potting 

High level 13 Niping and cutting cuttings 

Ratio for growth regulators 

2-4 34  
>4 25 

Ratio for possible spermatotoxic 
tl 66 
1-2 22 
2-4 1 6  
>4 1 8  

Table 5. Sperm density according to intensity of pesticide appli- 
cation (ratio of area treated with pesticide/total greenhouse area) 
and work practice, respectively. 

Sperm concentration (millionlml) Related to worker 

N Median 25th 75th 
percentile percentile 

Daily number of hand washes 

Related to greenhouse 

Daily hours in contact 
with cultures 

12  
2-4 
>4 

Use of gloves 

Ratio for all pesticides 
<3 
3-6 
6-9 
>9 

Ratio for insecticides 
Always 
Sometimes 
Never 

Application 
Yes 
No 

Weekly hours with application 
< I  
1-2 
>2 

Ratio for fungicides 
<0.5 
0.5-1 
1-1.5 
>I .5 

(continued) 
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was chosen to allow for effects on the early stages of the 
spermatogenesis, lasting 72 days in humans. The ratio 
was computed for each type of pesticide (fungicides, in- 
secticides, growth regulators, and possible spermatotox- 
ic agents). A ratio above 1 indicated that some or all 
areas had been treated more than once during the period. 
For all the pesticides the ratio was 4.6, and for possible 
male reproductive toxicants it was 1.0. Second, workers 
were classified according to job task and work practice. 
The exposure categories were the time in contact with 
pesticide-treated cultures (0-2, 3 4 ,  5-8 hours per 
day), the number of hand washes a day (0-2, 3-5, at 
least 6), use of gloves (always, sometimes, never), ap- 
plication of pesticides [yes, no; if yes: hours per week 
(<1,1-<2, 22), and use of protective equipment (yes, 
no)]. Third, the workers were ranked into 3 groups ac- 
cording to an evaluation of the transfer of pesticide resi- 

dues from cultures to hands. Each worker was assigned 
the worktask performed most of the time during a 2-week 
period in the autumn of 1994, when diaries on worktasks 
were kept. For 29 workers the classification was based 
on the most common task in the winter of 1993-1994. 
Registration of the job tasks over a period of 14 days is 
believed to provide a reliable estimate of tasks and work 
practices during the past year. All worktaslts were as- 
signed a rank to indicate the relative dermal transfer fac- 
tor, and finally the worktask ranks were modified by the 
size of the cultures and the amount of pesticide used in 
a particular greenhouse. The evaluation was supported 
by measurements of pesticide residues on gloves and 
dislodgeable foliar residues during 8 tasks in 3 green- 
houses (30), but the measurements for other tasks and in 
other greenhouses were estimated. The classification was 
undertaken by 2 agronomists and an occupational health 

Table 6. Sperm characteristics in relation to the ranking of current dermal pesticide exposure. (95% CI = 95% confidence interval, OR = odds 

Concentration (mmlml) Velocity (umls) Proportion of normal sperm 

Unadjusted Adjusted Unadjusted Adjusted Median 25th 75th Unadjusted 
per- per- 
centile centile 

Ranking of Me- 25th 75th Mean a 95% CI Me- 25th 75th Mean a 95% CI 
pesticide dian per- per- dian per- per- 
exposure centile centile centile centile 

Low level 87 38 172 93 . 62 52 74 63 71 63 73 1.00 
(N=44) 
Medium level 88 42 146 85 58-117 65 58 73 65 54-76 65 57 74 0.87 0.71-1.05 
(N=65) 
Highlevel 36 26 80 47 22-88 51 47 63 56 50-63 61 46 71 0.68 0.48-0.95 
(N=13) 

Test for trend 0.1 0.3 

aAdjusted mean calculated with the confounder distribution as among reference group. Confounders included age and urogenital disease, fever, spillage, 

Table 7. Sperm characteristics and sex hormones in relation to years of work in ornamental greenhouses. (SHBG serum sex-hormone- 

Concentration (mmlml) Velocity (pmls) Proportion of normal spermatozoa 

Unadjusted Adjusted Unadjusted Adjusted Me- 25th 75th Unadjusted 
dian per- per- 

centile centile 

Me- 25th 75th Mean a 95% CI Me- 25th 75th Mean a 95% CI OR 95% CI 
dian per- per- dian per- per- 

centile centile centile centile 

0-4 years 101 42 176 92 67 59 82 69 . 64 56 70 1.00 
(N=37) 
5-9 years 71 52 126 75 47-101 63 54 76 64 57-72 67 31 75 1.18 0.94-1.49 
(N=40) 
10- years 62 26 140 56 29-96 64 53 75 61 52-70 71 56 75 1.26 0.98-1.62 
(N=45) 

Test for trend 0.08 0.06 

a Adjusted mean calculated with covariate distribution as among reference group. Confounders included age, urogenital disease, fever, spillage, time of 
bAdjusted for age, calculated with mean age of the reference group. 
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physician, and the process was blinded as to the results 
of the semen analyses. Table 4 on page 495 shows the 
job tasks ranked at the 3 levels. The highest ranked group 
had the lowest level of plasma cholinesterase, but the dif- 
ference was not statistically significant. Finally, the 
number of years worked in ornamental greenhouses was 
considered an indicator of the total exposure to pesticide 
during a lifetime. 

Data analysis and statistical methods 
We compared the seminal and sexual hormone values 
across the subgroups of greenhouse workers using mul- 
tiple linear regression (3 l). In all the analyses the refer- 
ence was the subgroup ranked lowest according to the 
exposure classification. The response variables included 
sperm concentration, proportion of nonvital sperm cells, 

ratio, SHBG serum-sex-hormone binding globulin, LH = luteinizing hormone) 

proportion of sperm cells with normal morphology, cur- 
vilinear velocity, and sexual hormones (FSH, LH, testo- 
sterone). The concentration of total testosterone was ad- 
justed by the concentration of SHBG to obtain a meas- 
ure of unbound biological active testosterone. For nor- 
mality of residuals and equality of variances, the sperm 
concentration was transformed to third roots, the propor- 
tions of nonvital spermatozoa and the proportion of mor- 
phologic normal spermatozoa were transformed by the 
logit function, andthe testosterone: SHBG ratio and du- 
ration of abstinence were transformed by the logarithmic 
function. A fixed row of covariates was included in the 
model, namely, period of sexual abstinence (days), spill- 
age at sample collection (yes, no), fever during the pre- 
vious 3 months (yes, no), cryptorchidism or 1 testis in 
scrotum (yes, no), and time from ejaculation to analysis 
(in the analyses of motility and viability: <0.5 hour, 

Proportion of nonvital spermatozoa Testosterone SHBG LH SHBG 
(nmolll) (nmolll) ( lu l l )  (nmolli) 
--- 

Adjusted Median 25th 75th Unadjusted Adjusted Mean SD Mean SD Mean SD Mean SD 
per- per- 
centile centile 

OR 95% CI OR 95% CI OR 95% CI 

0.02 0.49 0.88 0.85 0.45 0.77 

time of abstinence, and, in calculations of velocity and viability, also time interval from masturbation to analysis. 

binding globulin, FSH = follicle stimulating hormone) 

Proportion of nonvital spermatozoa Testosterone SHBG LH FS H Testosterone1 
(nmolll) (nmolll) (IUIi) (lull) SHBG 
--- 

Adjusted Me- 25th 75th Unadjusted Adjusted Mean SD Mean SD Mean SD Mean SD Adjusted 95% CI 
dian per- per- mean 

centile centile 

OR 95% CI OR 95% CI OR 95% CI 

abstinence, and, in calculations of velocity, also interval from masturbation to analysis. 
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0.5-<1 hour, 21 hour). Age was included in the analy- 
ses of the testosterone:SHBG ratio, FSH, and LH. To- 
bacco smoking caused less than a 10% change in the re- 
gression coefficients of the response variables of inter- 
est. As smoking may increase oral exposure to pesticides, 
this factor was not included in the models. The fit of the 
regression models was evaluated by testing the residu- 
als for normality and by inspecting the residual plots. The 
adjusted group means of the concentration were calcu- 
lated as the third power of the estimated means of the 
transformed variables and the group means of curviline- 
ar velocity directly frorn the estimated coefficients. The 
adjusted means were calculated using the reference group 
distribution of the covariates. Since the proportions of 
normal sperm cells and nonvital sperm cells were logit- 
transformed prior to the analyses, the coefficients in the 
multiple regression measured the effects on a logit scale. 
To facilitate interpretation, these effects were expressed 
as odds ratios (the ratio of the odds for a normal cell for 
an exposed person to the odds for a normal cell for a 
person in the reference group). The odds ratio was ob- 
tained as the exponential of the corresponding regression 
coefficient. 

The intensity of pesticide use in the greenhouses was not 
related to sperm concentration (table 5 on page 495) or 
any other semen characteristic. Nor did we find de- 
creased semen quality among the workers who reported 
the highest number of hours in daily contact with pesti- 
cide-treated cultures or among applicators (table 5 on 
page 495). When the current exposure was estimated 
according to the transfer of pesticides from leaves to 
hands, the high-level group (N=13) had a 60% lower 
rnedian sperm concentration and a 14% lower median 
proportion of normal spermatozoa than the low-level 
group (N=44) (table 6 on pages 496-497). The adjust- 
ed differences reached statistical significance (table 6 on 
pages 496-497), as did the test for trend with respect to 
the proportion of normal spermatozoa (P=0.02). 

The sperm concentration of the men with 1-2 daily 
handwashes was low (N=10, median 34 million/ml), but 
the adjusted mean value of 55 million/ml(95% CI 23- 
108) was not significantly different from that of the 
group with at least 6 daily handwashes (mean 75 mil- 
lionlml). 

Sperm concentration, viability, and motility were in- 
versely related to the total duration of work in ornamen- 
tal greenhouses (table 7 on pages 496-497), while 
spesm morphology, if anything, improved with long-term 

exposure. The age-adjusted testosterone:SHBG ratio de- 
clined by 1.9% (95% CI 0.04%-3.4%) per year of work 
in a greenhouse. The sperm concentration and FSH were 
inversely related (Pearson correlation coefficient -0.34, 
P<0.0001), but FSH (and LH) did not show any consist- 
ent relation with length of employment. 

Discussion 

The number of years at work for ornamental greenhous- 
es and the ranking of workers according to the judged 
level of current dermal pesticide exposure were related 
to sperm concentration, velocity, vitality, and morphol- 
ogy, even after adjustment for confounders. A higher 
number of years at work and a high ranking of current 
dermal exposure were associated with a deterioration in 
these measures of semen quality. However, the findings 
are only suggestive of a relation between exposure to 
pesticides during the manual handling of cultures and the 
impairment of testicular function, because the analysis 
relies on a crude evaluation of skin contact with pesti- 
cides while the actual exposure of the relevant tissues has 
not been documented. The plasma cholinesterase meas- 
urements did not indicate a clear increase across the sub- 
groups of exposure to cholinesterase inhibitors although 
exposure to such compounds was highest in the high-lev- 
el exposure group. Several other limitations of the study 
are discussed in the following. 

The median sperm concentration of 86 milliodml for 
greenhouse workers was rather high in comparison with 
that of the other occupational groups studied in Denmark 
during recent years (32-34). Occupational sperm stud- 
ies with low participation rates may not truly represent 
the source population (33 ,  and earlier studies have found 
a preferential participation of men with reduced semen 
quality. In our study men with cryptorchidism volun- 
teered 4.2 (95% CI 0.6-29.8) times more often than men 
without this condition. It is not possible to examine 
whether or not this or other indicators of low fecundity 
was related to an unknown exposure of the men who de- 
clined to participate. However, since participation was 
rather high, the potential for selection bias was less than 
in most semen studies. Confounding is not likely to ex- 
plain the results of this study since the main known de- 
terminants could be adequately dealt with in the statisti- 
cal analysis. Moreover, we repeated the analyses of 
sperm concentration in relation to the long-term and 
shofi-term exposure but did not include persons with pre- 
vious treatment for cryptorchidism or with less than 2 
testicles in the scrotum and obtained almost the same re- 
sults. The high sperm concentration compared with that 
of other studies may be related to season, as the sample 
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was collected in winter and the sperm concentration in 
the northern hemisphere is highest in winter. 

The number of years of work in ornamental green- 
houses was related to sperm concentration, sperm veloc- 
ity, and sperm vitality, but not to sperm morphology. The 
negative effect on spermatogenesis could have been 
caused by a cumulation of pesticides in testicular tissue 
or by previous persistent damage. In the first case organ- 
ochlorides may have been involved since these com- 
pounds are likely to accumulate in the body (36). In ani- 
mal testing lindane - one of the organochloride pesti- 
cides used in the greenhouses - affects the Leydig cell 
and diminishes testosterone release. In our study those 
who worked the most years in greenhouses with flower 
production had lower free testosterone, as indicated by 
the testosterone:SHBG ratio. Many factors are involved 
in the regulation of testosterone, and therefore no causal 
inference is possible, but the observation is of interest 
because measurable lindane levels have been reported in 
the human testes (37). 

We found no relation between semen quality and the 
greenhouse-specific intensity of pesticide use. However, 
this measure is probably a crude index of exposure that 
does not integrate many other factors of importance with 
exposure, such as job task, location of pesticide applica- 
tion, and time from application to the handling of cul- 
tures. In addition, we did not find any relation between 
pesticide application and reduced semen quality. This 
result is not surprising if personal protective measures 
are effective because application was typically undertak- 
en a few hours per week (mean 1.7, SD 2.3). 

We consider the exposure classification based on the 
daily recording of job tasks, size of cultures, and amount 
of applied pesticide as the most reliable indicator of cur- 
rent dermal exposure because this measure integrates sev- 
eral determinants of exposure. The plasma cholinesterase 
activity gives some support to the interpretation that we 
have identified a high-level exposure group (table 2). The 
high-level exposure group had a high percentage of per- 
sons with febrile disease before the semen sample was 
collected (54%), but adjustment for this factor did not 
change the results. Thus we do not think that residual 
confounding can explain the low semen quality among 
the men classified as having a high level of exposure. 
But the number of men in the high-level exposure group 
was small, and therefore a cautious interpretation is war- 
ranted. 

Apart from the determination of plasma cholineste- 
rase activity, we have no measurements to document the 
exposure classification. Nor do we know whether work- 
ers with high-level dermal exposure to pesticides are at 
increased risk of high-level exposure in the target tissues. 
The classification was mainly based on assumptions that 
cannot be verified within this data set. In conclusion, the 
results are compatible with the hypothesis that semen 

quality is reduced by both long-term and short-term ex- 
posure to pesticides in ornamental greenhouses. But cau- 
tion is necessary in the interpretation because the expo- 
sure to pesticides was not documented by environmental 
or biological measurements. 
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