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The fungicides vinclozolin and iprodione are widely used in agriculture. These pesticides are
dicarboximide fungicides containing the common moiety 3,5-dichloroaniline (3,5-DCA). It
has been suggested that low-level exposures to such compounds may be associated with
adverse health effects such as endocrine disruption.

In this study a method using liquid chromatography triple quadrupole mass spectrometry (LC-
MS/MS) was developed for the analysis of 3,5-DCA as a biomarker of exposure to these
fungicides in human urine. The urine samples were treated by basic hydrolysis to degrade the
fungicides, their metabolites and conjugates to 3,5-DCA. The 3,5-DCA was then extracted
using toluene and derivatized using pentafluoropropionic anhydride (PFPA). Analysis of the
derivative was carried out using selected reaction monitoring (SRM) in the negative ion
mode. Quantification of the derivative was performed using [*Cq] labeled 3,4-DCA as an
internal standard with good precision and linearity in the range 0.1-200 ng/mL urine. The
limit of detection was determined to 0.1 ng/mL. The metabolites in urine were found stable at
storage in -20°C. To validate 3,5-DCA as a biomarker the method was applied in a human
experimental exposure to iprodione and vinclozolin. Two healthy volunteers received 200 pg
single oral doses of each pesticide followed by urine sampling during 72-120h post exposure.

Between 78-107 % of the dose was recovered as 3,5-DCA in the urine after exposure.



The dicarboximide fungicides vinclozolin, iprodione and procymidone are commonly used for
the control of diseases on fruits, vegetables, ornamental plants and turf grasses. Human
exposure to these fungicides can occur from occupational use but the general public may also
be exposed via ingestion of contaminated produce.

Vinclozolin has been classified as an endocrine disrupting chemical and it has been suggested
that low-level exposures may be associated with adverse health effects. Vinclozolin is an
androgen receptor antagonist with effects shown in adult, pubertal and neonatal rodents.'™ In
addition, epigenetic transgenerational effects have been observed in rats.” The US EPA
suggests that vinclozolin-induced malformations of the male reproductive tract are highly
plausible to occur in humans.® However, only one report on human effects has been published
and in that no antiandrogenic or reproductive effects were found after occupational exposure
to vinclozolin.” Iprodione is chemically similar in structure to vinclozolin but there are few
reports on its toxicity. In a study on rats by Gray et al.,® no maternal or fetal endocrine
toxicity was observed. The two fungicides contain the common moiety 3,5-dichloroaniline
(3,5-DCA), which also has been found as a metabolite after exposure, this isomer has been
shown to be nephrotoxic.’

A prerequisite for epidemiological studies, and for determination of exposure-response
relationships, is an accurate measurement of exposure. There is a lack of human exposure and
effect data for fungicides overall, including iprodione and vinclozolin. Therefore, reliable
analytical methods are required. Several analytical methods have been presented on
measurement of metabolites in biological samples.

The use of 3,5-DCA as a biomarker has been suggested for several of the dicarboximide
fungicides such as vinclozolin, iprodione and procymidone. Several LC methods with UV or
EC detection have been reported for determination of DCA in human urine'®'" or in biological

samples from mouse, rat and rabbit.'*"? Although these methods may be applicable for high



occupational exposures, they are insufficient for assessment of low-level exposures in the
general population. More sensitive methods for determination of DCA have also been
presented, then utilising gas chromatography with MS detection.'*"” Several of these methods
are rather laborious but with sufficient detection limits. Also, the use of the more robust LC-
MS/MS techniques for determination of aromatic amines after derivatization using PFPA in
biological samples has been described.”’ However, no data has been published on DCA
analysis using LC-MS/MS.

Knowledge of human pesticide metabolism and basic elimination kinetics are needed for
the interpretation of biomarker data. Usually assumptions about absorbed dose and metabolite

21,22 Therefore, there is a need for controlled human

excretion are made from animal data.
experimental exposures to validate biomarkers of exposure. In recent years very few studies
have been conducted, mainly hindered by ethical issues. However, with the rapid
development of advanced LC-MS/MS techniques, low level environmental exposures to
pesticides may be monitored. Therefore, the analytical techniques are sensitive enough to
conduct human experimental exposures to pesticides with exposure doses below the
recommended acceptable daily intake (ADI).

The aim of this study was to develop a LC-MS/MS method for the analysis of 3,5-DCA

in human urine. The biomarker 3,5-DCA was also validated in a human experimental

exposure study after oral ingestion of vinclozolin and iprodione.

EXPERIMENTAL

Chemicals and Materials

[3Cs]-3,4-DCA was purchased from Cambride Isotope Laboratories (Andover, MA, USA).

Ethanol was from Kemetyl (Haninge, Sweden). Acetonitrile, methanol and toluene came from



Lab-Scan (Dublin, Ireland). Acetic acid, disodium hydrogen phosphate dihydrate
(Na,HPO42H,0), sodium dihydrogen phosphate monohydrate (NaH,PO4H,0), and sodium
hydroxide (NaOH) were obtained from Merck (Darmstadt, Germany). 3,5-DCA, iprodione,
pentafluoropropionic anhydride (PFPA) and, vinclozolin were from Sigma-Aldrich (St. Louis,
MO, USA). Water was produced by an USF Elga Maxima system (USF Elga., High
Wycombe, UK).

Urine samples were collected in polyethylene bottles. Polyethylene plastic test tubes (13mL)
with screw caps (Sarstedt, Numbrecht, Germany) were used for storage of urine samples and

in sample preparation.

Instrumentation

The analysis of the samples was performed using a triple quadrupole mass spectrometer with
electrospray ionization (ESI) on a turbo ionspray source (API 3000, Applied Biosystems,
Foster City, CA, USA) coupled to a liquid chromatography system from Perkin Elmer
(Norwalk, CT, USA; LC-MS/MS). The MS analyses were performed using selected reaction
monitoring (SRM) in the negative ion mode. To establish the appropriate SRM conditions,
standard solutions were infused into the MS for optimization. Collision-induced dissociation
(CID) of each [M-H] was performed. The SRM transition m/z 306.1—185.8 was chosen as
the quantifier ion at a collision energy of -29V. The transition m/z 306.1—119.0 was used as
a qualifier ion, while the internal standard was monitored at m/z 312.1—119.0, both using a
collision energy at -25V. The declustering potential was set at -30V and the focusing potential
at -130V. The temperature of the auxiliary gas was set to 350°C and the ion spray voltage was
-4200 V. Nitrogen was used as the curtain, turbo ionspray, collision and, nebulizer gas. All
data acquisition and processing were performed using Analyst 1.4.1 software (Applied

Biosystems).



Mettler AE163 and PE 600 (Stockholm, Sweden) balances were used to accurately weigh the
chemicals. A URC-PN hand refractometer from Atago (Tokyo, Japan) was used for
determination of urine density. An IKA Vibrax VXR shaker table (Janke & Kunkel, Staufen,
Germany) was used for liquid-liquid extractions. A Sigma 3E-1 centrifuge (Osterode am
Harz, Germany) was used for liquid phase separation. A drying oven (Termaks 85-TS8136,
Bergen, Norway) was used for hydrolysis of the biological samples and a SPD2010

SpeedVac® (ThermoSavant, Waltham, MA, USA) for sample evaporation.

Preparation of standards

Stock solutions were prepared by dissolving accurately weighed amounts of 3,5-DCA and
['3C4]-3,4-DCA in 10 mL acetonitrile. Stock solutions were prepared in duplicates. Standard
solutions were further prepared by diluting the stock solutions in acetonitrile. Calibration
standards were prepared by spiking urine with the standard solutions. The levels of 3,5-DCA
in the spiked calibration standards were in the range 0.1 ng/mL to 200 ng/mL. Urine for the

calibration standard curves was obtained from healthy volunteers at our laboratory.

Sample preparation

One mL of urine and 10 ng of the internal standard [°Cs]-3,4-DCA in 100 pL acetonitrile was
added to 13 mL polyethylene plastic test tubes. One mL of 10 M NaOH was added to the
urine samples. They were then hydrolyzed for 2 h in 100°C. After hydrolysis, the samples
were extracted with 2 mL toluene by vigorous shaking for 15 min. The samples were
centrifuged and frozen at -20°C, to facilitate phase separation. The liquid toluene phase was
transferred to a new test tube and derivatized by addition of 30 uL of PFPA. The samples

were shaken for 5 min and the excess reagent was removed by extraction with 1 mL of 0.1 M



phosphate buffer, pH 7.5. The samples were again frozen at -20°C for phase separation and
the organic phase was transferred to a new test tube and evaporated in a SpeedVac®. The dry
residues were dissolved in 100uL acetonitrile and transferred to 200 pL insert vials. The

samples were kept frozen at -20°C until analyzed using LC-MS/MS .

Analysis

Immediately prior to analysis the analytical vials were centrifuged for precipitation of
particles. Four uL was injected on a Rapid Resolution Zorbax Eclipse XDB C;g column (2.1
mm x 50 mm, 1.8 pm particles; Agilent, Palo Alto, CA, USA). The mobile phase consisted
of water and methanol, both containing 0.5% acetic acid. The separation was carried out using
a linear gradient starting from 60% to 98% methanol in 6 min, followed by 1 min isocratic
flow at 98% methanol. The flow rate was 0.2 mL/min. The gradient was optimized for peak
separation of the DCA isomers: 2,6-DCA, 3,4-DCA and 3,5 DCA. Concentrations were
determined by peak area ratios of 3,5-DCA and [*C4]-3,4-DCA. All samples were prepared
in duplicates and each of these samples was analyzed twice. The mean value was used in

further calculations.

Method validation

The limit of detection (LOD) was determined as defined by Miller and Miller™ as the analyte
concentration giving a signal equal to the blank signal plus three times the standard deviation
of the blank signal. The mean concentrations of the peak at the same retention time as

derivatized 3,5-DCA plus three times the standard deviation of the means were determined in

10 water blanks and then used to calculate the LOD.



To evaluate the degradation of the fungicides, their metabolites and possible conjugated
metabolites to the common moiety 3,5-DCA, urine samples were treated with basic
hydrolysis. Urine samples (1.0 mL) from the experimentally exposed volunteers (see below)
were treated by hydrolysis at SM NaOH. The samples were heated at 100°C for 0.5, 1, 2, 4h
and analyzed with the described method. Also, blank urine samples (1.0 mL) were spiked
with 10 ng of vinclozolin, iprodione or 3,5-DCA. The samples were then hydrolyzed at 1 or
SM NaOH. The samples were heated at 100°C for 2, 4, 6, and 24h and analyzed with the
described method.

The repeatability of the method was determined by analyzing 10 urine samples spiked
with 1.0 ng and 10 ng of 3,5-DCA respectively. The samples were analyzed in one analytical
sample set and during one day. The reproducibility of the method was determined by
comparing quantified concentrations in duplicate samples. The samples were prepared and
analyzed in different analytical sample sets and on different days.

The stability of the urine samples after a long-term storage at —20°C was determined by
reanalyzing urine samples from the experimentally exposed volunteers (see below). The urine
samples from the iprodione exposure were stored for 12 months after the first analysis. Five
samples from the female volunteer and 5 from the male volunteer were selected for reanalysis.
The urine samples from the vinclozolin exposure were stored for 7 months, 5 samples from

the female volunteer and 5 from the male volunteer were reanalyzed.

Subjects

Two healthy volunteers, one female (age 61; weight 54 kg) and one male (age 36; weight
75kg), participated in the study. They had given their written informed consent to participate
in the study. The study was approved by the ethics committee at Lund University, Sweden

(721-1395-05Mm).



Human experimental exposure

Two experimental exposures were performed with iprodione and vinclozolin at two occasions
with a three-month interval. An accurately weighed amount of iprodione (analytical grade)
was dissolved in 10 mL of ethanol. An aliquot of the ethanol solution containing 200 pg
iprodione was added to 200 mL of orange juice. The two subjects received a single oral dose.
All urine voided was collected. The first urine sample was collected immediately prior to the
dosing and then in intervals ad libitum during 120h post exposure. The dose of iprodione
corresponds to 6% of the ADI for the female subject and 4% for the male subject. The ADI
for iprodione suggested by the European Union (EU) is 0.06 mg/kg/day.”*

An accurately weighed amount of vinclozolin (analytical grade) was dissolved in 10 mL
of ethanol. An aliquot of the ethanol solution containing 200 pg vinclozolin was added to 200
mL of orange juice. The two subjects received a single oral dose. All urine voided was
collected. The first urine sample was collected immediately prior to the dosing and then in
intervals ad libitum during 72h post exposure. The dose of vinclozolin corresponds to 37% of
the ADI for the female volunteer while the male volunteer received 27%. The ADI for
vinclozolin suggested by the EU is 0.01 mg/kg/day.**

In every urine sample, the volume, density and creatinine levels were determined. The
creatinine levels were analyzed using an enzymatic method described by Mazzachi et al.”> A
hand refractometer was used for determination of the urine density. The urine concentrations
adjusted for density were calculated as C4=C(obs)*(1.016-1)/(p-1). The C4 is the corrected
concentration, C(obs) is the observed concentration, p is the specific density and 1.016 is the
assumed average density as described by Boeinger et al.*® The urine samples were stored at —

20°C until sample preparation and analysis.



The half-life of elimination in urine was estimated from the slope of the curves in the
log-linear concentration versus time plot. The urinary concentration was given at the mid
point time between two sample collection times. The slope was calculated in two intervals
between approximately 4h —30h and 28h-72h after the dose was given. The adjustments for

urinary dilution using creatinine and density were compared.

RESULTS AND DISCUSSION

Analysis

Analysis of DCA without derivatization yielded a poor signal using ESI LC-MS/MS in both
positive and negative ion mode. After derivatization using PFPA, a dramatic increase in
sensitivity was observed in the negative ion mode. A product ion spectrum after CID of the
molecular ion [M-H] (m/z 306.1) is shown in Figure 1. Two abundant fragment ions were
observed in the MS spectra of the derivatized 3,5-DCA and both were used for the SRM
transitions. The fragment ions formed in the CID of the [M-H] ion likely corresponds to the
loss of one CF3;CHF;-group [M-H]" — [M-H-120], and [M-H]— [119] corresponding to the
[CF5CF;] ion. The best signal to noise ratio was obtained for the transition m/z 306.1—185.8
and was chosen as the quantifier ion. The transition m/z 306.1—119.0 was used as a qualifier
ion to confirm the identity of the derivatized 3,5-DCA.

A short 50mm rapid resolution analytical column with 1.8 pum particles and a diameter of 2.1
mm was used to separate the derivatized 3,5-DCA. Figure 2 shows that a clear separation
between the isomers 2,6-DCA, 3,4-DCA and, 3,5-DCA could be achieved in a relatively short
analytical run. The column is normally used for high pressure UPLC analysis. However, in
this application a normal HPLC was used and operated at a pressure of about 200 bar with

good results. Hundreds of injections could be performed on the analytical column without any



signs of degradation. The analytical method is also applicable for analysis of 3,4-DCA but

validation data will be presented elsewhere.
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Figure 1. Product ion spectra of the ion [M-H] m/z 306.1 using collision-induced dissociation

using LC-MS/MS.

Method validation

The LOD in this study was determined from the analysis of 10 water blanks. The LOD for the
derivatized 3,5-DCA in the method was determined to 0.1 ng/mL. To illustrate the
background signal Figure 2(c) shows a chromatogram of a water blank used in the
determination of the LOD. Figure 2(d) shows the chromatogram of a urine sample with a 3,5-
DCA level at the LOD. The LOD presented in this study is of the same magnitude as reported
LODs using GC-MS.'*"

The calibration curves were linear in the range 0.1-200 ng/mL urine. The calibration
curves with r>0.99 were obtained from the peak area ratios between the analyte peaks and the

internal standard peaks from blank urine samples spiked with known concentrations of 3,5-

DCA.



The reproducibility of the method was determined from duplicate analyses of samples
from the experimental exposure. The coefficients of variation (CV) were 11% at the mean
concentration of 3 ng/mL (n=66, range 0.3—8 ng/mL) and 6 % at the mean concentration of 54

ng/mL (n=38, range 9-180 ng/mL).
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Figure 2. LC-MS/MS SRM chromatograms showing (a) a urine sample from a subject non-
occupationally exposed to DCA/pesticides. The quantified levels were for 3,5-DCA 1.2
ng/mL and for 3,4-DCA 0.2 ng/mL. (b) The trace for the internal standard [*C]-3,4-DCA (c)
a chemical blank showing the background noise of the instrument. (d) a urine sample from a
second subject non-occupationally exposed to DCA/pesticides. The quantified levels were at

the limit of detection for 3,5-DCA, 0.1 ng/mL.



The repeatability of the method was determined from spiked urine samples. At 1 ng/mL, the
repeatability was 10% (n=10) and at 10 ng/mL it was found to be 5 % (n=10).  Urine
samples from the experimentally exposed volunteers were hydrolysed in SM NaOH for 0, 0.5,
1, 2, 4h. In samples from the iprodione exposure, no free 3,5-DCA was found in the urine at
time=0. The maximum 3,5-DCA concentration was reached after 4h of hydrolysis at 100°C.
In samples from the vinclozolin exposure, about 5% free 3,5-DCA was found. The maximum
3,5-DCA concentration was reached after 0.5h of hydrolysis.

Urine samples were also spiked with vinclozolin, iprodione and 3,5-DCA and hydrolyzed at 1
and SM NaOH. When urine was spiked with vinclozolin and iprodione, the maximum 3,5-
DCA concentration was seen after 2h at 5SM NaOH. Thereafter, a degradation was observed.
This degradation was also observed when urine spiked with 3,5-DCA was hydrolyzed at SM
NaOH. After 24h, less than 5% of the maximum 3,5-DCA levels were observed. Therefore, it
is recommended that the samples are not hydrolyzed longer than 2 h.

The stability of urine samples when stored at —20°C was determined by reanalyzing
urine samples from the experimentally exposed volunteers. Samples from the iprodione
exposure were stored for 12 months whereas samples from the vinclozolin exposure were
stored for 7 months between the two analyses. No degradation could be observed of either of
the compounds. (Figure 3) It has been proposed that vinclozolin may not be stable in aqueous
solutions.”’ It has also been shown that vinclozolin may be degraded to the metabolites 2-
[[(3,5-dichlorophenyl)-carbamoyl]oxy]-2-methyl-3-butenoic acid, and 3,5-dichloro-2-
hydroxy-2-methylbut-3-enanilide at physiological conditions in rat plasma.'? It is possible that
both iprodione and vinclozolin and their metabolites are degraded in urine during storage.
However, the possible degradation products seem to be converted to 3,5-DCA after
hydrolysis. It is therefore possible that the choice of 3,5-DCA as a biomarker could

circumvent a stability problem of these fungicides and their metabolites.
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Figure 3. The stability of the urine samples after a long-term storage at —20°C was determined
by reanalyzing urine samples from the experimentally exposed volunteers (n=20). Samples
from the iprodione exposure were stored for 12 months (closed circle). Samples from the

vinclozolin exposure were stored for 7 months (x). The line represent y=x.

Human experimental exposure

Iprodione

In urine sampled before the experimental exposure, the urinary 3,5-DCA concentrations were
0.4 ng/mL for the male subject and 5ng/mL for the female. This indicates a low level
environmental exposure. After the oral ingestion of 200 pg iprodione in 200 mL orange juice,
the urinary levels rapidly increased. The maximum 3,5-DCA concentrations were reached
after Sh and were 99 ng/mL for the female volunteer and 168 ng/mL for the male volunteer.
The half-life of elimination in urine was estimated from the slope of the curve in the log-

linear concentration versus time plot. The results are shown in Table 1. It is suggested that



3,5-DCA is excreted in urine following first order kinetics and a two compartment model. The
recoveries of 3,5-DCA in urine during the first 24h were 70% and 63% for the female and
male volunteer respectively. After 120h the total recovery was 92% and 78%.

Vinclozolin

The urinary concentrations of 3,5-DCA before exposure was 1 ng/mL for the male subject and
0.2 ng/mL for the female. After the oral ingestion of 200 pug vinclozolin in 200 mL orange
Jjuice, the urinary levels rapidly increased. The maximum 3,5-DCA concentrations were
reached after 4h, and were 178 ng/mL for the female volunteer and 156 ng/mL for the male
volunteer. The urinary elimination of 3,5-DCA for the male subject is shown in Figure 4. The
estimated half-life of elimination in urine is shown in Table 2. It is suggested that 3,5-DCA is
excreted in urine following a first order kinetics and a two compartment model. The plot for
the male subject is shown in figure 5. The recoveries after 24h were 82 and 99% for the

female and male volunteer, respectively. After 72h, the total recovery was 98 and 107%.
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Figure 4. Urinary elimination of 3,5-DCA of the male volunteer after dosing of 200 pg of

vinclozolin. The urinary levels were adjusted for the urinary density.
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Figure 5. Urinary elimination of 3,5-DCA of the male volunteer after dosing of 200 pg of
vinclozolin. The half-life of elimination in urine is estimated from the slope of the curves in
the log-linear concentration versus time plot. The mid point time in the intervals 2h —27h and
29h-72 h were plotted against the logarithm of the density adjusted urinary levels. The

elimination data suggest a two-compartment model.

General discussion

This study is limited to two individuals. Therefore it is difficult to draw conclusions
about interindividual differences in the toxicokinetics of vinclozolin and iprodione. However,
to our knowledge no similar studies have been published before, and the presented study may
give some important indications of human metabolism and basic elimination kinetics. In this
study one male and one female subject were included and they showed a similar excretion

pattern of the fungicides.



There has been a discussion for a long time on the topic of urinary dilution but no clear
solution has been presented. A common method has been to use creatinine. However,
creatinine levels in urine may be affected by several factors such as gender, age, muscularity,
consumption of meat. In a study including both genders, it was found that the female
participants had 34% lower creatinine levels.”® A similar result was also observed in this
study; the mean creatinine level for the female subject was 29% lower than the male. The
male also produced a 36% larger total urinary volume than the female subject.

This study indicates that an adjustment for the urinary dilution is recommended but both
creatinine levels and urinary density may be applicable. However, since both male and female
subjects often are and should be included in exposure assessment studies, a suggestion would
be to use density for urinary dilution adjustments when applicable.

An important aspect in the validation of a biomarker is the specificity to the source of
exposure. Although not investigated in this study, 3,5-DCA has also been suggested to be a
biomarker of exposure to procymidione and chlozolinate.'” The presented method cannot
distinguish between an exposure to the different fungicides. However, 3,5-DCA can be
considered to be a very useful index of exposure for fungicides in the dicarboximide group.

There are several DCA isomers that are widely used and are important intermediates in
the manufacture of dyes, pharmaceuticals and other pesticides. It has been suggested that 3,4-
DCA is a biomarker for the herbicides diuron, linuron, neburon, and propanil.”” In this study it
was also observed that high levels of 2,6-DCA could be found after administration of the anti-
inflammatory diclofenac. (data not shown). In the production of azo dyes, DCA are used,
however, to our knowledge the 3,5-DCA isomer does not seem to be commonly used. Figure
1 clearly shows that the isomers 3,5-DCA, 3,4-DCA and 2,6-DCA are easily separated on the

analytical column and should not interfere between each other.



The ethics of the use of controlled human experimental exposure can be discussed.
However, with the rapid development of advanced LC-MS/MS techniques, experimental
exposure studies to pesticides on volunteers can be conducted with exposure doses far below
the recommended ADI. The exposure levels in this study are in the same magnitude as the
general population can be exposed to from food. According to the Swedish national food
administration, iprodione and vinclozolin remnants are among the ten most often detected

pesticide residues in food. Considering this, the ethical issues should be minor.

CONCLUSIONS

A method using LC-MS/MS for the analysis of 3,5-DCA in hydrolyzed human urine has been
developed. The method has a good precision and the samples are stable for up to one year of
storage. In a human experimental exposure study to vinclozolin and iprodione it was shown
that 3,5-DCA levels in urine rose after exposure. Between 78 and 107 % of the dose was
recovered as 3,5-DCA. It is suggested that the elimination in urine may follow first order
kinetics and a two compartment model. The elimination half-lives was estimated to be in the
range 5-7 h and 19-27 h, respectively. Although this study is limited to two individuals it
gives an important indication of the human elimination of vinclozolin and iprodione. This
information is valuable in the assessment of exposures and in the interpretation of biomarker

levels.
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Table 1. Summary of the urinary elimination of 3,5-DCA for the two volunteers after a single
oral dose of 200 pg of iprodione. The half-life of elimination (t,;) in urine is estimated from
the slope of the curves in the log-linear concentration versus time plot. The mid point time in
the intervals 2h —27h and 29h-72 h were plotted against the logarithm of the unadjusted,
density adjusted and creatinine adjusted urinary levels. The elimination data suggest a two-

compartment model. The correlation coefficient (r) is given for the correlation line.

Subject Time ty r ty, r ty, r
Interval | density creatinine unadjusted
adjusted adjusted (ng/ml)
(ng/ml) (nmol/mmol)
Female 5-28h 5.7 0.94 | 6.7 095 |75 0.88
Female 30-72h | 19.6 0.86 | 24.1 092 |21 0.69
Male 4-26h 5.3 0.98 | 6.7 0.96 | 6.7 0.91
Male 28-72h | 23.2 091 ] 19.9 095 |20 0.73




Table 2. Summary of the urinary elimination of 3,5-DCA for the two volunteers after a single
oral dose of 200 pg of vinclozolin. The half-life of elimination (t;;) in urine is estimated from
the slope of the curves in the log-linear concentration versus time plot. The mid point time in
the intervals 2h —27h and 29h-72 h were plotted against the logarithm of the unadjusted,
density adjusted and creatinine adjusted urinary levels. The elimination data suggest a two-

compartment model. The correlation coefficient (r) is given for the correlation line.

Subject Period ty, r ty, r ty, r
density creatinine unadjusted
adjusted adjusted (ng/ml)
(ng/ml) (nmol/mmol)
Female | 3-28h 6.1 098 | 7.1 0.99 | 7.0 0.80
Female | 28-72h | 20.1 0.89 | 18.4 0.98 | 20 0.73
Male 3-28h 5.8 0.96 |53 0.99 | 6.7 0.64
Male 28-72h | 18.9 0.88 | 15.4 0.95 | 27 0.70




