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Study of morbidity of personnel with potential
exposure to vinclozolin

A Zober, G Hoffmann, M G Ott, W Will, C Germann, B van Ravenzwaay

Abstract
Objectives-To examine internal expo-
sure and targeted health outcomes of
employees exposed to 3-(3,5-dichloro-
phenyl) -5-methyl-5-vinyl- 1,3-oxazoli-
dine-2,4-dione; chemical abstracts
service (CAS) number: 50471-44-8 (vin-
clozolin).
Methods-A cross sectional study of 67
men exposed to vinclozolin for one to 13
years during synthesis and formulation
operations and 52 controls.
Biomonitoring was based on determina-
tion of urinary metabolites that con-
tained a 3,5-dichloroaniline (3,5aDCA)
moiety. Targeted health endpoints were
the same as in previous subchronic and
chronic animal studies-namely,
reversible changes in the concentrations
of hormones of the adrenocorticotrophic
and gonadotrophic feedback systems,
signs of liver injury, haemolytic anaemia,
cataract formation (uniquely in rats),
and hormonally induced hyperplasia and
tumours at high doses. The clinical inves-
tigation consisted of a medical and occu-
pational history questionnaire, physical
examination, laboratory determinations
(including testosterone, LH, and FSH
measurements), ultrasonography of the
liver and prostate, a detailed eye exami-
nation, and routine spirometry.
Results-The mean 3,5-DCA concentra-
tion for two thirds of the study group
exceeded an equivalent of the vinclozolin
acceptable daily intake (ADI) used for
consumer regulatory purposes. Even the
highest concentrations were, however, at
least 10 times below the no observable
adverse effect level (NOAEL) based on
animal studies. Analysis of physical
examination and laboratory data pro-
vided no evidence of hormonal responses
induced by vinclozolin. Furthermore, no
evidence ofliver injury, prostate changes,
cataract formation, or haemolytic
anaemia was found.
Conclusion-There was no evidence of
any health effects induced by vinclozolin
among employees with potential long
term exposure. In particular, no antian-
drogenic effects were found.

(Occup Environ Med 1995;52:233-241)
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Vinclozolin (chemical name: 3-(3,5-dichloro-
phenyl)-5-methyl-5-vinyl-1 ,3-oxazolidine-2,4-
dione; chemical abstracts service (CAS) number:
50471-44-8) is a fungicide used to protect a
variety of agricultural and horticultural prod-
ucts. Its toxicological properties were initially
investigated during the late 1970s and have
recently been re-evaluated in a voluntary pro-
gramme. A review and assessment of the
existing toxicological data base is available.'
To summarise, the acute toxicity by oral, der-
mal, and inhalation routes is low and vinclo-
zolin is neither a skin nor eye irritant. Skin
contact should nevertheless be avoided due to
a potential for sensitisation and the possibility
of limited dermal absorption.

Adverse effects found in subchronic and
chronic feeding studies of rats, mice, and dogs
include increased liver and adrenal weights,
signs of haemolytic anaemia, cataract forma-
tion uniquely found in rats, and changes
related to an antiandrogenic effect of the com-
pound-namely, increased testes weight and
decreased prostate, seminal vesicle, and epi-
didymides weights. Rats and dogs were more
sensitive to the induction of these changes
than mice, the no observed adverse effects
level (NOAEL) in rats and dogs was about
2-5 mg/kg bw/day.2 In developmental toxicity
studies in rats, the most sensitive changes
were related to the antiandrogenic effects of
the compound, the NOAEL was 15 mg/kg
bw/day when vinclozolin was given orally and
the lowest observable adverse effect level
(LOAEL) was 50 mg/kg bw/day.3 The
NOAEL for these changes when being given
vinclozolin dermally was 60 mg/kg bw/day
and the corresponding LOAEL was 180
mg/kg bw/day.3 Reversible changes in the
concentrations of hormones of the adreno-
corticotrophic and gonadotrophic feedback
systems have been found in both male and
female rats at dietary doses of 4500 ppm. In
male rats, these changes include increased
concentrations of luteinising hormone (LH),
follicle stimulating hormone (FSH), testos-
terone, dehyroepiandrosterone (DHEA),
corticosterone, and aldosterone. In long term
rat studies an increase in tumours was found
in association with hormonally induced
hyperplasia. High and low hormonal states are
known to be caused by several xenobiotics
such as drugs and ethanol.4 In recent years,
occupational factors have come under
increasing scrutiny as potential modulators of
the male reproductive system.`
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Health Protection Department of BASF
Aktiengesellschaft undertook a biomonitoring
programme and offered a comprehensive
medical examination to employees assigned to
the vinclozolin process areas. In designing the
examination programme, emphasis was
placed on health issues identified in the exper-
imental studies. For comparison purposes, the
programme was also offered to employees
assigned to an air separation plant that
handled inorganic chemical products in an
enclosed system. The study plan was
approved by the Works Council and
explained to the employees. The biomonitor-
ing results and clinical and laboratory findings
for targeted health outcomes are presented in
this report.

Subjects and methods
SUBJECTS
The target population consisted of all active
production employees assigned to synthesis
and formulation of vinclozolin in April 1992.
Of 70 eligible employees, 67 (96%) agreed to
participate in the examination programme.
Study participants had spent an average of
four years assigned to vinclozolin synthesis or
formulation after adjustment for the seasonal
nature of most of these operations. The dura-
tion of assignment in these processes ranged
from one to 13 years. The average date of first
departmental assignment was early in 1984
and 27% of the workers had been assigned to
these work areas since the start of vinclozolin
production in 1977.
The control group was similarly selected

from a 1992 census list of employees assigned
to air separation operations. Among 73 eli-
gible male employees, 52 (71%) agreed to
participate in the programme. Although con-
trols were not specifically matched to study
subjects, there was general comparability in
demographic characteristics and social habits.
The mean (SD, range) age of study subjects
was 37-8 (9-2, 22-56) years compared with
41-4 (11 1, 22-61) years in the control group;
the percentage of active cigarette smokers was
57% in the study group and 48% in the con-
trols. The mean (SD) number of cigarettes
smoked per day was 11 9 (12 9) in the study
group v 9-6 (12-5) among controls. Alcohol
intake was 21-0 (20 7) and 19-7 (22-2)g/day
and body mass index (BMI) was 26-5 (3.1)
and 26 7 (3 1) kg/mi in the study and control
groups respectively.

CLINICAL INVESTIGATION
The clinical examination included the follow-
ing components: (a) a self administered med-
ical and occupational history questionnaire
with additional questions about reproductive
experience, sight problems, and breast
enlargement; (b) physical examination includ-
ing evaluation of the testes, possible pubic
hair loss, and breast enlargement; (c) routine
laboratory determinations performed by the
clinical laboratory of the Occupational
Medical and Health Protection Department
of BASF Aktiengesellschaft plus determina-

tion of testosterone, LH, FSH, and prostate
specific antigen concentrations by the labora-
tory of Professor Seelig and partners,
Karlsruhe, Germany; (d) ultrasonography of
the liver and prostate (Sonoline, Siemens,
Erlangen, Germany); (e) a detailed eye exami-
nation including slit lamp examination for evi-
dence of cataract formation; and (W) routine
spirometry and blood pressure measurements.
Evidence of liver injury was evaluated from
the ultrasonography results, physical examina-
tion, and selected liver function tests (y-glu-
tamyl transpeptidase (GGT), alanine
aminotransferase (ALAT), aspartate amino-
transferase (ASAT), cholinesterase, alkaline
phosphatase, and total bilirubin). Indications
of haemolytic anaemia were investigated with
red cell count and haemoglobin determina-
tions. Measurements of total serum testos-
terone, FSH, and LH were obtained from a
single morning blood sample. A single blood
sample shows little loss of power compared
with three consecutive blood samples.8 Serum
concentrations of the hormones were deter-
mined with standard radioimmunoassay pro-
cedures. The laboratory standards for normal
ranges in men < 50 years of age were 1-14
U/ml for FSH, 1-5-9-2 mIU/ml for LH, and
3-14 ng/ml for testosterone.

EXPOSURE ASSESSMENT
Process history
Production of vinclozolin was initiated on a
small scale in 1976. There was an initial rapid
growth followed by stability of production in
recent years. Vinclozolin is synthesised in a
batch process by reacting 3,5-dichloro-
phenylisocyanate with vinyl lactic acid
isobutylester in methanol. The crude reaction
product is washed repeatedly with water to
separate the crystalline vinclozolin from
methanol and other residual materials and is
then loaded into metal containers for trans-
port to formulation areas. The final product is
formulated either as a liquid suspension in the
same production building or as a dry granular
product or a powder formulation in another
building. Production in the synthesis area
occurs throughout the year, whereas liquid
and dry formulation operations are carried
out in campaigns to meet product demand.
The health examination programme was con-
ducted during an active formulation period.
The highest potential for exposure in the

synthesis and liquid formulations building
occurs during hand operations such as sam-
pling and emptying product from various con-
tainers, shovelling filter cake, and cleaning
process equipment. The use of protective
clothing such as disposable overalls and gloves
and the wearing of dust masks is currently
prescribed during these activities.

During production of powder formulations,
additives are mixed with the damp filter cake
and the product is processed to meet various
particle size and component specifications.
After drying, the product is transferred to
bags and other containers as specified.
Exposure opportunities occur during transfer
of materials and the cleaning of milling
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equipment. There have been improvements in
the ventilation system over the years and in the
use of protective clothing such as disposable
overalls, gloves, and dust masks. Also, steps
are being taken to produce formulations with
larger particle diameters, which should reduce
the potential for exposure to respirable dusts.

Within the solid formulations plant, dura-
tion of cumulative exposure was estimated by
assuming that these operations took place
during no more than six months per year.

Within the synthesis and liquid formulations
building, plant supervisors were asked to esti-
mate the years of exposure for each study par-

ticipant based on the work history record and
their knowledge of where an employee had
worked. At different times of the year, the
same employees were working with different
agricultural chemicals. It has been assumed
that possible exposures to these other sub-
stances are without effect on the health out-
comes targeted for this study.

BIOMONITORING
Vinclozolin is a crystalline solid at room tem-
perature and is readily soluble in most organic
solvents but is almost insoluble in water (n-
octanol/water partition coefficient log pow =

3 03 (pH 6-5, 220C)). Because there is a lim-
ited potential for this product to be absorbed
through the skin, an exposure assessment
method was sought based on biomonitoring
principles. The selected method was indirect
and based on measurement of urinary
metabolites containing a 3,5-dichloroaniline
(3,5-DCA) moiety. It has been shown that
compounds containing this moiety can be
readily hydrolysed to form 3,5-DCA, which in
turn can be analytically detected by high per-

formance liquid chromatography (HPLC).
The method is able to detect concentrations
of 3,5-DCA down to about 5 ,ug/l of urine.
The details of the method are described else-
where.9 The biomonitoring programme was

extensive with six to 10 samples per person
collected from 52 members of the study group
and 46 controls. Samples were collected at
varying times ranging up to 77 hours after the
end of the shift to enable estimation of elimi-
nation rates.
As well as direct comparisons of the

exposed and control groups, two measures of
exposure were constructed from the biomoni-
toring results for correlation with the health
outcome data. These were an average inten-
sity measure-the mean 3,5-DCA concentra-
tion expressed in pug/g creatinine and adjusted
for time since the end of the shift (one hour
after the shift was chosen as representing the
time of peak concentration)-and a cumula-
tive exposure measure-the logarithm of the
mean 3,5-DCA concentration multiplied by
the years of exposure. For the 15 employees
without biomonitoring data, the exposure
estimates were derived from the mean con-

centration found for all other employees
assigned to the same work area.

STATISTICAL METHODS
A generalised least squares analysis was per-

formed to identify and characterize some of
the factors influencing the concentration of
3,5-DCA metabolite. The examined factors
included work location, shift, and time since
the end of the shift as well as employee char-
acteristics (age, number of cigarettes smoked,
level of alcohol intake, coffee intake, and uri-
nary creatinine). Analyses were carried out by
blocking for each individual work shift or each
subject, as appropriate, with the Proc GLM
Procedure from version 6-03 of the Statistical
Analysis System (SAS). Comparisons of labo-
ratory outcomes between the study group and
controls were made with multiple linear
regression analysis with adjustment for other
explanatory factors-namely, age, number of
cigarettes smoked, body mass index (BMI),
and amount of alcohol consumption with a
0 15 significance level for covariate inclusion.
Also, separate regression analyses were per-
formed within the study group regressing each
laboratory outcome on a measure of average
exposure intensity, the mean log[3,5-DCA],
a cumulative exposure measure, the log of
(mean exposure intensity x years of exposure),
and years of exposure. A logarithmic transfor-
mation was used for all laboratory variables
with an underlying distribution that was non-
normal. Basic descriptive analyses and simple t
tests were performed with the Research
System RS/1 statistical package (BBN
Software Products, Cambridge, MA, USA).

Results
BIOMONITORING
Urine specimens were obtained for 52
employees (438 spot samples), from vinclo-
zolin work areas, and for 46 controls (86 sam-
ples). The effect of time since the end of the
shift on urinary 3,5-DCA metabolite concen-
trations was investigated with a general linear
least squares analysis that treated each work
shift as a blocking factor. This analysis
excluded results from samples collected
before the end of the shift and those where
urinary creatinine concentrations were < 0 3
g/l. The outcome variable was the natural log-
arithm of the 3,5-DCA concentration cor-
rected for urinary creatinine concentration. As
well as examination of variation among sub-
jects and work shifts, potential interactions
between time since the end of the shift (a
direct correlate of elimination rate) and age,
coffee intake, smoking, and alcohol intake
were also examined. For most people in this
study, beer was the primary source of alcohol.

Table 1 summarises the results of this
analysis. At the level of the work shift varia-
tion between the men was an important con-
tributor to overall variability. Variation
between work shifts was also large compared
with within work shift variability. Time since
the end of the shift was a significant explana-
tory factor for variation within work shifts as
would be expected. There was also a signifi-
cant interaction with smoking and a marginal
interaction with high alcohol intake. Based on
the regression results and assuming first order
exponential decay, the half life of 3,5-DCA
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Table 1 Sources of variation in urinary 3,5-DCA (pg/g creatinine)

Degrees of Sum of Mean square
Source freedom squares error P value

Whole work shifts:
Individual subjects 51 168-09 3 30 0 0001
Between work shifts
within individual subjects 150 103-77 0-69 0 0001
Total work shifts 201 271 86

Within work shifts:
TSES (h) 1 13 57 13 57 0 0001
TSES x SMKC 1 2-61 2-61 0 0001
TSES x ALCH 1 0-62 0-62 0-0164
Error 193 20-56 0-11

TSES = time since the end of the shift; SMKC = daily smoking rate, 0 = non-smoker, 1 = 1-19
cigarettes/day, and 2 = >%20 cigarettes/day; ALCH = daily alcohol intake, 0 = <10 g/day, 1 = 10-
49 g/day, and 2 = >%50 g/day.

Table 2 Average 3,5-DCA concentrations (puglg creatinine) in urine by work area
(standardisedfor time since the end of the shift and smoking)

Employees Average 3,5-DCA (p/g)lemployee
Work area (n) GM (GSD, range)

Synthesis 11 235 (2 3, 73-1156)
Suspension formulations 11 330 (2-0, 123-840)
Material transfer 6 353 (1-4, 215-525)
Solid formulations 24 422 (2-0, 127-1397)
Controls 46 7 (2-3, 2-190*)

*This man experienced possible indirect contact with vinclozolin through a family farm. GM =
geometric mean.

metabolites in the body was estimated to be
29 hours in non-smokers whose alcohol intake
was less than 10 g/day. The estimated half life
for comparable people who smoked at least
one pack of cigarettes a day was 16 hours.
To contrast findings by work area, 3,5-

DCA concentrations were first standardized
for the number of hours since the end of the
shift and for the smoking habit of each man
(table 2). The geometric mean concentration
of 3,5-DCA was raised in each of the vinclo-
zolin work areas compared with the control
work area. Among the vinclozolin work areas,

Table 3 Selectedfindings from medical history and physical examination by exposure

Health outcome

Questionaire responses:
Not feeling fit and well
Currently under medical treatment

Occasional or frequent disturbance
of sexual potency
Breast enlargement

Difficulties in achieving desired family size

Number of children:
0

1
2
3
4+

Sex of children (where known):
Male
Female

Examination findings:
Pubic hair type:
Male
Female

Gynaecomastia:
Normal
Abnormal

Testicular abnormalities:
Yes
None
Not examined

Study group (n = 67)
n (01o)

8 (11-9)
12 (17 9)

0 (0 0)
0 (0 0)

3 (4-5)

18 (26-9)
14 (20 9)
26 (38-8)
6 (9-0)
3 (4*5)

44 (46 3)
51 (536)

67 (100-0)
0 (0 0)

64 (95 5)
3 (4-5)

8 (11-9)
53 (79 2)
6 (8 9)

Controls (n = 52)
n (%/6)

11 (21-2)
12 (23 2)

5 (9 6)
0 (0 0)

3 (5 8)

16 (30 8)
14 (26 9)
16 (30 8)
6 (11-5)
0 (0 0)

34 (53-1)
30 (46 9)

52 (100-0)
0 (0 0)

50 (96 2)
2 (3-8)

2 (3-8)
48 (92 3)
2 (3 8)

the highest mean concentrations were found
in the solid formulations area, followed by
material transfer and liquid formulations
areas, and finally, the synthesis area. One
member of the control group with a relatively
high 3,5-DCA concentration was thought to
have had indirect contact with vinclozolin
through its use on a family farm.

CLINICAL DATA
Table 3 shows the results of the selected ques-
tionnaire and physical examination. There
were no remarkable differences between the
study group and controls in responses to
either question regarding general health. The
apparently higher percentage of controls not
feeling healthy or fit was not significant based
on a Mantel-Haenszel x2 analysis that was
controlled for age. There were also no notable
differences for problems linked to gonado-
trophins or testosterone, or reproductive his-
tory, except for sexual potency. Four of five
controls who reported disturbances were over
the age of 50; no people in the study group
reported a similar problem.
The only unusual finding determined from

the physical examination data was an appar-
ent increase in the percentage ofmen with tes-
ticular abnormalities in the study group. The
Mantel-Haenszel risk ratio was 4 5 (95% con-
fidence interval (95% CI) 0-9-21-5). The
eight men with positive findings in the study
group included one with an undescended
right testis and a suspicious intra-abdominal
left testis (case 4) and one man whose right
undescended testis was removed at the age of 2
and whose left testis was atrophic (case 7).
Among the remaining six people, one had an
enlarged testis with a suspected hydrocele,
four had unilateral atrophy, and one man had
bilateral atrophy. This person reported no
reproductive health problems and was found
to have normal hormone concentrations.
Among the four people with unilateral atro-
phy, one had had a childhood mumps orchi-
tis, one reported having this condition since
youth, and two reported no difficulties in
achieving desired family size. Unilateral atro-
phy was seen in two controls, one of whom
reported mumps orchitis as a child. In the
study group, the presence of an abnormality
was not related to either the average intensity
or cumulative exposure measures based on
regression analysis.

Table 4 shows the means (SD) of blood
pressure and spirometry data by exposure
group. Regression analyses showed no signifi-
cant differences in systolic or diastolic blood
pressure between the exposed and control
groups. Age and BMI were significant predic-
tors of diastolic blood pressure and age was a
significant predictor of systolic blood pres-
sure. The mean systolic and diastolic blood
pressures in the vinclozolin group were 124
and 73 mm Hg respectively. Regression
analyses of forced vital capacity (FVC) and
forced expiratory volume at one second
(FEVI) also did not show significant differ-
ences between the two groups. Age, number
of cigarettes smoked, BMI, and height were
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Table 4 Comparison of blood pressure and spirometry results by exposure

Study group (n = 67) Controls (n = 52)

Variable Mean (SD, range) Mean (SD, range) P value*

Blood pressure:
Systolic (mm Hg) 124-4 (15 7, 100-170) 127-4 (18-9, 100-210) 0 53
Diastolic (mm Hg) 72-8 (10-0, 60-100) 75-8 (11-2, 60-110) 0-23

Spirometry:
FVC (1) 509 (085, 33-76) 503 (090, 32-69) 070
FEVy (1) 3-87 (0 73, 20-5 7) 3-80 (0-81, 1-85-4) 0-86

* P value for group effect based on regression model including age, smoking, alcohol intake, and
body mass index as covariates at the 0- 15 significance level.

Solidified echo pattern

Study group (n = 67) Controls (n = 52)

Figure 1 Results of ultrasonography of the liver. (Values are means (SD).)

all significant explanatory variables in the
FVC analysis, and these same variables
(except BMI) were also significant explana-
tory variables in the FEV, analysis. Based on
regression analyses within the study group,
none of the three exposure measures was sig-
nificantly associated with blood pressure or
spirometry.

ULTRASONOGRAPHY
Figures 1 and 2 show summary statistics
derived from the ultrasonographic examina-

2.8 (0.4) cm
-39 (0.6) cm

19.2%
lidified echo pattern

Study group (n = 67) Controls (n = 52)

Figure 2 Results of ultrasonography of the prostate. (Values are means (SD).)

tions of the liver and prostate. There were no
differences between the study and control
group values in the measurements of liver size
at the midclavicular line and diameter of the
portal vein or in the assessment of the caudal
margin. In one man from the study group, a
cystic lesion was identified and clinically veri-
fied by computed tomography (CT) and
laparoscopy with biopsy of the liver. The diag-
nostic outcome is unclear; however, CT six
and 18 months later showed no change in the
size or nature of the lesion. This man has
remained symptom free since the initial exam-
ination. During the most recent investigation
he recalled an accident 40 years ago, with a
blunt abdominal trauma. The lesion could
therefore be judged as an old haematoma. No
size differences were found between the
prostates of the two groups based on regres-
sion analysis. Only age was a significant pre-
dictor of prostate size. A higher percentage of
men with solidified echo patterns was seen in
controls than in the study group; however,
this difference was not significant at the 005
level after controlling for age. A positive finding
of solidified echo patterns has been inter-
preted as being related to increased hyper-
plasia.

OPHTHALMOLOGY
Figure 3 summarises lens findings derived
from the ophthalmological examination.
Normal lenses were seen in at least 75% of the
study and 60% of the control group. Specific
positive findings, except for sclerotic nuclei,
were generally seen more often among con-
trols. Sclerotic nuclei were found in four
exposed and two control workers, all ofwhom
were over the age of 45. Lens abnormalities
possibly attributable to toxins such as poste-
rior subcapsular opacity or opacities of the
inner cortical lens, were not found either in
exposed men or controls. About 30% of both
the study and control groups were advised to
see an ophthalmologist for further evaluation
and treatment of general visual problems.
Most of these problems related to the need for
glasses or a modification in the corrective
lens.

LABORATORY DATA
Table 5 shows the means (SD) of three hor-
monal tests and the prostate test. The data
on testosterone and gonadotropins were
examined both including and excluding men
with pre-existing testicular conditions that
could affect hormone concentrations. Based
on regression analysis, no differences in
testosterone concentrations were seen
between the study group and controls either
in the total group or the group with exclu-
sions. As would be expected,'0 testosterone
concentrations declined significantly with
increasing age of the participant.

There was a marginal increase in mean
concentrations ofLH in the study group com-
pared with the controls. The difference
declined after the removal of men with pre-
existing testicular conditions. The study
group means of FSH were significantly higher
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Figure 3 Lens findings from ophthalmological examination.

than those for the control group overall and
after exclusions. As expected, age was a signif-
icant positive explanatory factor for FSH.

Figure 4 is a scatterplot of FSH determina-
tions for all participants. Within the study
group, FSH was plotted against average expo-
sure intensity expressed as log (mean 3,5-
DCA concentration). There were three
people with FSH values outside the reference
range for this test, two of whom were in the

Table S Comparison of testosterone, gonadotropins, and prostate specific antigen (PSA)
Study group (n = 67) Control (n = 52)

Mean (SD, range) Mean (SD, range) P values

Testosterone (ng/ml):
Total group 5-6 (1-9,2-3-10-4) 5-7 (2-4,1-8-16-2) 0-34
Less exclusions 5-5 (1-8, 2-3-10-4) 5-5 (19, 1-8-10-2) 0-61

LH (mIU/ml):
Total group 3-4 (3 0, 0-5-19-0) 2-8 (1 9, 0-7-11-2) 0-047
Less exclusionst 2-9 (1-2, 0 5-5-8) 2-6 (1-5, 0-7-67) 0 10

FSH (mU/ml):
Total group 6-4 (9-3, 0-7-66-6) 4-3 (3-6, 0 5-24 5) 0 004
Less exclusionst 4 9 (2-6, 0-7-14-0) 3-8 (2-2, 0 5-11*5) 0 004

PSA (ng/ml);
Total group 1 0 (1-3,0 4-10-6) 1-0 (0 5, 0 4-2 2) 0-63

* P value for group effect based on regression model including age, smoking, alcohol intake, and
body mass index as covariates at the 0-15 significance level; comparisons based on assumption of
log normal distribution
t Six of the study group were excluded because of history of undescended testicles or mumps
orchitis and three controls were excluded, two because of mumps orchitis and one with high
testosterone that was normal when remeasured.

study group. All three men reported testicular
problems since childhood that could account
for the increases. Although the group mean
was somewhat higher in the study group,
there was no suggestion of an exposure-
response relation. There was also no associa-
tion between FSH and average exposure
intensity, cumulative exposure, or years of
exposure based on regression analyses within
the study group. Similarly, no exposure-
response associations were found for testos-
terone or LH.
Mean concentrations of prostate specific

antigen did not differ between the study and
control groups and determinations within the
study group were not significantly associated
with any of the three exposure measures at the
010 significance level. An increased prostate
specific antigen determination of 106 ng/ml
was seen in one study group member. This
man was diagnosed to have a urinary tract
infection at the time of the examination. Two
months later, the prostate specific antigen was
rechecked and found to be 3-0 ng/ml and
there was no longer any clinical evidence of an
active infection.

Table 6 shows routine haematological find-
ings. No notable differences were found in
group means except for erythrocytes and
haemoglobin, which were both somewhat
decreased in the study group compared with
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Figure 4 FSH in serum,
plotted against log [3,5-
DCA] in urine.
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controls. Nevertheless, the range of values for
these two variables was comparable between
the two groups and neither was significantly
associated with any of the exposure measures

based on regression analyses within the study
group. The lack of an exposure-response rela-
tion is also evident from the scatterplot
depicting haemoglobin determinations v aver-

age intensity of exposure (fig 5). There were

also no significant exposure-response associa-
tions found for the four remaining haemato-
logical variables.

Table 7 shows the results for six indicators
of liver function. No notable differences in
group means were found for ASAT, ALAT,
GGT, and alkaline phosphatase. A significant
increase in cholinesterase (P = 0 023) and a

decrease in total bilirubin (P = 0-015) was

seen in the study compared with the control
group. There was no evidence of an exposure-
response relation for any of the liver function
variables based on regression analyses for all
three exposure measures. An increased alka-
line phosphatase of 335 U/l was found in the

Figure 5 Haemoglobin in
blood plotted against log
[3,5-DCA] in urine.
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Table 6 Comparison of routine haematology results by exposure

Study group (n = 67) Controls (n = 52)

Mean (SD, range) Mean (SD, range) P value*

WBC (#Inl) 8-0(2-5,35 147) 7-3(2-1, 3-5156) 0-25
Erythrocytes (#/pl) 4-96 (0-40, 4-2-59) 5-04 (0-36, 4-2-57) 0-033
Haemoglobin (g/dl) 15-1 (0-9, 13-0-17-5) 15-4 (0-9, 13-1-17-2) 0-017
MCV (fi) 91-4(4-1,80-3-98-6) 90-9(3-6,84-0-102-4) 0-32
Lymphocytes () 31-2 (7-0, 16-0-47-0) 30-5 (7-2, 13-0-44-0) 0-30
ESR/h (mm) 5-0 (9-6, 1-0-65-0) 5-3 (9-2, 1-0-60-0) 051it
* P value for group effect based on regression model including age, smoking, alcohol intake, and
body mass index as covariates at the 0-15 significance level.
t Comparison based on assumption of log normal distribution. WBC = white blood cells; MCV
-mean corpuscular volume; ESR = erythrocyte sedimentation rate.

man with the cystic liver disorder. For one
other man in the study group, GGT was
raised (200 U/i) in combination with mildly
raised transaminases, a high normal cholin-
esterase, and increased lipids. This same pat-
tern of increases was also found for one control.

Discussion
In this clinical study we evaluated specific
health outcomes that had been targeted based
on findings in rats exposed to high vinclozolin
concentrations. The targeted outcomes
included disturbances in hormonal balance
associated with the possible antiandrogenic
effects of vinclozolin, indications of liver and
prostate effects, signs of lens abnormalities,
and indications of the occurrence of
haemolytic anaemia.

There were no disturbances in hormone
balance, no physical signs of antiandrogenic
effects such as loss of pubic hair or breast
enlargement, and no indications of difficulties
in achieving the desired family size. The clini-
cal evaluation identified seven men in the
study group with unilateral or bilateral testicu-
lar atrophy. In four of seven cases, however,
these findings were related to childhood con-
ditions and in two of the three remaining
cases, the atrophy was unilateral, which sug-
gests a non-systemic effect. Both men with
FSH and LH concentrations outside the ref-
erence range also reported childhood testicu-
lar conditions (fig 4). Although mean FSH
concentrations were significantly increased in
the exposed group, after removal of men with
pre-existing testicular conditions, the non-sig-
nificantly negative exposure-response trends
for both LH and FSH argue against an effect
induced by vinclozolin. Prostate effects were
evaluated through sonography and analysis of
prostate specific antigen. Regression analysis
showed prostate size to increase significantly

with age, as would be expected; however,

there was no indication of an exposure related

effect.

The analysis of results from the laboratory
and liver sonography did not show any pattern

suggestive of occupationally induced liver

injury in the study group. The regression

analyses identified alcohol intake as signifi-

cantly related to increased liver size as

assessed by ultrasonography and increased

GGT, ASAT, and ALAT. The ultrasonogra-

phy data for the study group are also consis-

tent with control data reported in a previous

occupational health study conducted at

the same manufacturing complex.'1 Ultra-

sonography of the liver led to the identifica-

tion of one man in the study group with a

cystic lesion of the liver. Based on 18 months

of further observation, the tumour seems to

be benign and is non-symptomatic. This man

worked for about six years in the synthesis

production area. No occupational factors

were identified that might account for the

tumour.

Detailed ophthalmological examinations

performed without knowledge of exposure

showed no increased findings of lens abnor-

malities in the study group compared with

controls. In particular, there were no findings
of posterior subcapsular opacities or opacities
of the inner cortical lens. These types of lens

findings have been produced by exposures to

industrial toxins in the past.'2I
Clinical findings typically seen in cases of

moderate to severe haemolytic anaemia

include decreased haemoglobin and increased

bilirubin secondary to increased red blood cell

destruction.'I The positive findings in dogs

exposed to high vinclozolin concentrations

included decreased erythrocyte counts,

increased serum bilirubin, normal haemoglo-

bin, and a compensatory increase in reticulo-

cyte counts.'I We found no men with a pattern

of haematological findings consistent with

haemolytic anaemia and no cases of blood dis-

orders were diagnosed by the examining

physician. On a group basis, serum bilirubin,

haemoglobin, and red blood cell counts were

marginally decreased in the study group rela-

tive to controls, but showed no relation with

any of the exposure measures. If increased red

cell destruction were occurring, one would

anticipate higher not lower serum bilirubin

concentrations.

Extensive biomonitoring of employees

assigned to various vinclozolin production

operations was carried out based on measure-

ment of the 3,5-DGA chemical moiety in spot

Table 7 Comparison of liver test results by exposure

Study group (n = 67) Controls (n = 52)

Mean (SD, range) Mean (SD, range) P value*

ASAT (U/1) 11-8 (4-0, 7-0-26-0) 12-2 (6-3, 5-0-45-0) 0-98
ALAT (U/1) 14-7 (7-2, 70-44-0) 14-5 (8-0, 60-40-0) 0-51
GGT (U/1) 26-8 (29-3, 6-0-200-0) 30-8 (58-7, 7-0-412-0) 0-48
Cholinesterase (U/l) 6459-8 (1174-7, 3943-0-8791-0) 6007-8 (1167-4, 3261-0-8912-0) 0-023
Alkaline phosphatase (U/1) 105-2 (38-6, 36-0-335-0) 103-2 (26-5, 53-0-217-0) 0-95
Bilirubin (mg/dlI) 0-55 (0-27, 0-22-1-50) 0-67 (0-27, 0-29-1-39) 0-015
* P value for group effect based on regression model including age, smoking, alcohol intake, and body mass index as covariates at
the 0-15 significance level; comparisons based on assumption of log normal distribution (except for cholinesterase).
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urine samples. The kinetics of '4C-vinclozolin
in the rat are characterised by nearly equal
elimination through urine and feces when vin-
clozolin is given by the oral and dermal routes
and somewhat higher urinary excretion when
given intravenously. The small amount of
unchanged vinclozolin in urine indicates sub-
stantial hepatic metabolism. The biomonitor-
ing programme was also initiated because of
the potential for vinclozolin to be resorbed
through the skin.

In humans, 3,5-DCA was established as a
valid marker of exposure to vinclozolin.9 It
should be noted, however, that the DCA
method will also detect residues of other
fungicides that contain this moiety. This
marker was used both to determine possible
differences in exposure by work area and to
estimate clearance rates after the end of expo-
sure. Based on regression analysis, highest
exposures were seen in operations involving
the formulation of powdered product. This
was not surprising in that exposures are typi-
cally less likely when the product is handled as
a wet cake or a liquid suspension. To reduce
the potential for exposure during handling of
powdered formulations, a new technology is
being introduced to increase particle size of
the water dispersible granules. The regression
analyses identified cigarette smoking as an
important predictor of clearance rates. Our
finding is consistent with the known accelera-
tion of metabolism by chronic smoking.'4 A
non-significant increase in concentration of
3,5-DCA at the end of the second compared
with the first working day was found; how-
ever, no further incremental increases in uri-
nary excretion were found during the rest of
the working week. The normal work pattern
consisted of 12 hour shifts followed by 24
hours away from work.
To provide additional perspective on the

exposure concentrations experienced by
workers in this study, we estimated the 3,5-
DCA concentrations in urine that would cor-
respond to the current acceptable daily intake
(ADI) for vinclozolin of 25,ug/kg bw/day.'
The ADI is established for consumer regula-
tory purposes and includes a 100-fold safety
factor. Based on the assumption of 40%
excretion through the kidneys, the ADI trans-
lates into a 3,5-DCA concentration of about
260 ,ug/l in urine for a 70 kg man with daily

urine volume of 1-5 1. The mean 3,5-DCA
concentrations estimated for the 67 study par-
ticipants ranged between 70 and 1400 ,ug/l
with 66% of the participants exceeding the
260 pug/l ADI equivalent. Nevertheless, these
concentrations are at least 10 times below
those from which there is no observed adverse
effect as determined from animal studies.

In summary, extensive medical investiga-
tions in a group of 67 workers with potential
long term exposure to vinclozolin and 52 con-
trols provided no evidence of health effects
induced by vinclozolin in the study group.
More specifically, there was no evidence of
hormonal imbalance, prostate or liver effects,
no toxic effects on lenses and no haemolytic
anaemia among exposed employees.

We thank Dr Lars Kielhorn, Heidelberg, Germany who per-
formed and evaluated the ophthalmologic examinations.
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