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Abstract

Phthalates like endocrine disrupting compounds are ubiquitous environmental contaminants. Long term exposure to these
chemicals at the work place has adverse effect on human health and usually leads to diseased conditions. The aim of our
study was to assess, by biological monitoring, occupational exposure to di-(2-ethylhexyl) phthalate (DEHP), di-n-butyl
phthalate (DnBP), diethyl phthalate (DEP) and diisononyl phthalate (DiNP) of occupationally exposed group i.e. workers from
plastic manufactory with division of films and composites and injection moulding (n=37; average age 45.6+9.4) in comparison
with general population i.e. students and workers from Constantine the Philosopher University in Nitra (n=144; average age
28+13.12) in Nitra region of Slovakia. In response to determine human exposure to phthalates, we used high performance
liquid chromatography and tandem mass spectrometry analysis (HPLC-MS/MS) to estimate trace levels of 4 phthalate
metabolites mono-(2-ethylhexyl) phthalate (MEHP), monoisononyl phthalate (MiNP), mono-n-butyl phthalate (MnBP) and
monoethyl phthalate (MEP) in human urine. Median concentrations of the urinary metabolites in the exposed group were
35.48 pg/l for MEHP, 13.65 pg/l for MiNP, 93.79 ug/l for MEP, 108.62 ug/l for MBP and in general population were 21.62
ugll for MEHP, 13.26 g/l for MiNP, 84.36 for pg/l MEP and 88.99 pg/l for MBP. We observed, significantly higher urinary
concentration (p<0.001) of MEHP and on the border of the statistical significance urinary concentration of MiNP (p=0.07) in
occupationally exposed group. Despite the fact that phthalates are ubiquitous environmental contaminants, there is evidence
of occupational exposure of workers from plastic manufactory by DEHP a DiNP. This study was supported by project VEGA
(V1/0042/12).
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Introduction

Phthalates (dialkyl or alkyl aryl esters of phthalic acid) are group of chemicals widely used to render plastics soft and
flexible. High-molecular weight phthalates, such as di-(2-ethylhexyl) phthalate and diisononyl phthalate (DiNP) primarily
used as plasticizers in polyvinyl chloride (PVC) can be found in building materials, floorings, cables and wires, furnishing,
car interiors, toys, medical devices and food packaging (Blount et al., 2000; David et al., 2005; Loff et al., 2007; Wittassek
et al., 2011). Low-molecular weight phthalates, such as diethyl phthalate (DEP) and di-n- butyl phthalate (DnBP) are often
used in personal care product, solvents, adhesives or enteric-coated tablets (Hauser & Calafat, 2005; Heudorf et al., 2007;
Wittassek et al., 2011).

Phthalates are not covalently bound to PVC they can leach, migrate or evaporate into indoor air and atmosphere, foodstuff
and other materials leads to human exposure (contamination) via inhalation, ingestion and dermal contact (Heudorf et al.,
2007). Upon exposure, phthalates are rapidly metabolized to their corresponding hydrolytic monoesters,while DEHP and
other higher molecular weight phthalates are further metabolized to several oxidative metabolites. (Koch et al., 2004, 2005;
Koch & Angerer, 2007). Monoester and oxidative metabolites may be glucuronidated before excretion and subsequently
excreted in urine, faeces (Silva et al., 2003). The content of phthalate metabolites in human urine represents a measure of
the exposure of parent diester occurred within the last 24 hour however some phthalates (i.e. oxidized metabolite of DEHP)
have been shown to have half-life elimination longer than 24 hour (Koch et al., 2005).
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Recently, public health concerns have emerged about the toxic qualities of substances contained in consumer plastics and
their potential impact on human health. Workers employed in the plastics industry are exposed to a numerous of toxic
chemicals used in plastics production. These include styrene, acrylonitrile, vinyl chloride, phthalates, bisphenol-A (BPA),
brominated flame retardants, heavy metals, and complex chemical mixtures (DeMatteo et al.,2012). Many of these additives
have potentially toxic effects, and some are identified as either carcinogens or endocrine-disrupting chemicals or both
(Hauser et al., 2007). Of these additives, phthalates raise many concerns for workers in the plastics industry (Gaudin et al.,
2008; DeMatteo et al., 2012). In several countries, occupational atmospheric exposure limits for some phthalates
particularly DEHP have been established, however, phthalates can also be inhaled, ingested and absorbed through the
skin, therefore biological monitoring of phthalate metabolites is considered more suitable for assessing human exposure
(Gaudin et al., 2011). The current acceptable exposure limit values for phthalates established by the EFSA (EFSA, 2005)
are called tolerable daily intake (TDI) values for DEHP (50 ug/kg/day), DiNP (150 ug/kg/day), DnBP (10 ug/kg/day). The
US Environmental Protection Agency (US EPA) established reference dose (RfD) values for DEP (800 ug/kg/day), DnBP
(100 pg/kg/day), DEHP (20 ug/kg/day) (EPA, 2008). Present studies demonstrate that urinary concentration of DEHP
metabolites are significantly higher in occupationally exposed group than in general population (Gaudin et al., 2011). The
aim of our study was to assess, by biological monitoring, occupational exposure to four phthalates of workers in plastic
industry in comparison with general population.

Method
Study Population

The cohort consisted of two groups from Nitra region, Slovakia. Occupationally exposed population group (n= 37) i.e.
workers from plastic manufactory with division of films and composites and injection moulding and general population (n=
144), students and workers from Constantine the Philosopher University in Nitra in Nitra region of Slovakia. Participation
was voluntary and there was a possibility to withdraw participation at any time during the study. All human participants gave
written informed consent prior to the study, to provide samples of urine during the shift, complete questionnaires and allow
the researchers to take measurements and also to process their personal records and data. The anthropometric data was
collected using standard anthropological methods; body height (by A 319 TRYSTOM, Ltd., Pasteurova 15, 772 00 Olomouc
Czech Republic), waist girth and hip girth (by spreading calliper P-374 TRYSTOM, Ltd. Pasteurova 15, 772 00 Olomouc
Czech Republic). Body-mass index (BMI) was estimated and classified by WHO (1995). Waist-to-height ratio (WHTR) was
calculated:

waist circumference (cm)

HTR =
w height? (cm?)

Waist to hip ratio (WHR) was estimated by dividing the waist circumference by the hip circumference (WHO, 1986). Body
weight were estimated by The Omron BF510 (Kyoto, Japan) by bio-electrical impedance analysis, using a 50 kHz current
source with electrodes on each hand and foot.

Phthalates Analyses

Urine samples (2x2ml) were collected from all volunteers during work shift and from general population and stored in a
transport box at 2-6 °C and in the laboratory in a deep freezer at the -73°C until analysis. Urinary levels of mono (2-
ethylhexyl) phthalate (MEHP), mono-n-butyl phthalate (MnBP), monoisononyl phthalate (MiNP), and monoethyl phthalate
(MEP) as metabolites of parent phthalates di(2-ethylhexyl) phthalate (DEHP), di-n-butyl phthalate (DnBP), diethyl phthalate
(DEP) and diisononyl phthalate (DiINP) were measured by high performance liquid chromatography (HPLC) and tandem
mass spectrometry (MS/MS) (Infinity 1260 and 6410 triplequad, Agilent) using a modification of the method reported by
Silva et al. (2003). Analytical standards were purchased from Cambridge isotope laboratories (MA, USA). Briefly, 1ml of
urine was thawed, buffered with ammonium acetate, spiked with isotope labelled phthalate standards, B-glucuronidase
enzyme (Roche, Germany) and incubated (37°C). After deconjugation were samples diluted with phosphate buffer
(NaH2PO4 in H3PO4) and loaded on SPE cartridges (ABS Elut Nexus, Agilent). Cartridges were conditioned with
acetonitrile followed by phosphate buffer before extraction. To remove hydrophilic compound were SPE cartridges flushed
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by formic acid and HPLC grade water. Elution of analytes was performed by acetonitrile and ethylacetate. Eluate was dried
by nitrogen gas and reconstituted with 200 ul of H20. For HPLC was used Agilent Infinity 1260 liquid chromatograph
equipped with ZORBAX Eclipse plus phenyl-hexyl column. Separation was done using non-linear gradient program. Agilent
6410 triplequad with electro-spray ionization was used for mass specific detection of phthalate metabolites. Instrumental
settings were as follows: spray ion voltage (-3800 V), nitrogen nebulizer gas pressure (8 psi), and nitrogen curtain gas
pressure (7 psi), capillary temperature (430°C), and collision gas (nitrogen) pressure (1.5 mTorr). Precursor and product
ions, collision energies, retention times and limits of detection (LOD) are showed in Table 1.

Statistic

To describe the urinary phthalate metabolite levels in the study populations, means with SD, medians and the 5th to 95th
percentiles of concentrations were computed for each metabolite. The non-parametric Mann-Whitney U (Wilcoxon rank-
sum) test was used for all comparisons and a difference was considered to be significant when p value was < 0.05. We
used statistics program Statistica 8.0 (Stat Soft. Inc.).

Results

The cohort consisted of 181 participants of average age 31.66+14.53 years. The cohort was divided into group of general
population (n = 144; average age 28+13.12) and occupationally exposed group i.e. workers from plastic manufactory with
division of films and composites and injection moulding (n = 37; average age 45.6+9.4). The baseline characteristics of
study groups are shown in Table 2.

Participants were also grouped according to questions asked in the extensive questionnaire to search for correlations with
excreted amounts of phthalate metabolites. Within eating and drinking habits no significant differences were found.
Distribution of the number of participants in both group following five consumer practise are shown in Table 3.

We found that urinary concentration of detected phthalate metabolites in occupationally exposed group was above the limit
of detection (LOD) in 97.30 % MEP, 100 % MnBP, 83.87 % MNP and 100% in MEHP samples. In general population group
LOD was exceeded in 96.53 % MEP, 100 % MnBP, 76.39 % MiNP and 89.58 % MEHP samples. Urinary concentrations
of phthalate metabolites, characterized by means, SDs, minimum, maximum and percentiles in both groups, are
summarized in Table 4. Mean concentration values for 3 urine metabolites (MEP, MnBP and MEHP) were higher in both
groups than their median values, indicative of the high levels in the upper quantiles.

The comparison (Mann-Whitney U test) between general population and occupationally exposed group for the urinary
metabolite levels showed significantly higher urinary concentration (p<0.001) of MEHP and on the border of the statistical
significance urinary concentration of MiNP (p=0.07) in occupationally exposed group, while no significant differences could
be seen for MEP and MnBP (Fig.1)

Discussion

Human exposure to phthalates classified like toxic hazardous substances can arise from both occupational and non-
occupational sources. Even though that occupational exposure to phthalates represents greater health risk for workers in
plastic industry, occupational studies on potential associations with health risk is still limited. In our study, we present worker
phthalate metabolite concentrations measured in 2012 in plastic factory, compare these concentrations to the general
population in Nitra region of Slovakia and comment on the likelihood of an occupational contribution to the observed
concentrations.

Urinary concentrations of MEHP in urine samples from exposed group (median 35.48 ug/l ) collected from all workers
during work shift in our study are comparable with study of workers in a factory with wall covering products (median 41.9
pgll), but higher than in workers in DEHP manufacturing (median 5.6 pg/l ), PVC 2 compounding (median 17.3 g/l ) and
polymers moulding (median 18.3 pg/l ). However they are lower than in plastisol coating (median 55.9 ug/l ) and PVC 1
compounding (median 52.0 pg/l ) (all of the above urine samples were collected post-shift) (Gaudin et al., 2011). In
comparison with our previous study in workers from communal services (Kolena et al., 2014) median values in plastic
industry was 7-fold higher. The wurinary concentraton of MEHP in studied general population
(median 21.62 ugll) was higher in comparison with control group from Gaudin et al. (2011) (median 4.8 pg/l ). We observed
significantly higher urinary concentration of MEHP (p<0.001) in occupationally exposed group compared to general
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population, despite the fact, that phthalates are ubiquitous environmental contaminants. This could be explained by the fact
that DEHP is the major plasticizers of PVC used in plastic industry and after oral dosing in humans urinary excretion of
DEHP metabolites is biphasic, with a first phase half-life of 2h for all metabolites and a second phase half-life of 5h for
mono (2-ethylhexyl) phthalate (MEHP) (Koch et al., 2004; 2005). Therefore urinary concentrations of MEHP were expected
higher in exposed group.

We observed on the border of the statistical significance higher urinary concentrations of MiNP (p=0.07) in occupationally
exposed group in comparison with general populations. Detected levels of MiNP in urine samples from exposed group
(median 13.65 g/l ) was higher with detection frequencies 83.8 % in comparison with our previous study in communal
services workers, wherein the concentration of MiNP was low and close to the detection limit, with detection frequencies of
10% (median < LOD; 95th percentile 14.89 ugll ) (Kolena et al., 2014).

Statistically significant differences was found only in high-molecular weight phthalates, which are predominantly used as a
plasticizers in industry (Hauser & Calafat, 2005).

The urinary concentration of MnBP in our study in exposed group (median 108.63 g/l ) is comparable with the study of
Becker et al. (2009) realised in German children, but higher than in workers in PVC compounding (median 22.6 ug/l ) PVC
film (25.9 pgll ) (Hines et al., 2009) and also with our previous results in communal services workers (median 67.13 pgll)
(Kolena et al., 2014), and studies in general population of the USA, Germany and Japan (Blount et al., 2000; Koch &
Calafat, 2009; ltoh et al., 2007). In contrast with the results of Hines et al., (2009) realised in workers of phthalate
manufacturing and rubber house at mid shift (median 230, 334 g/l ) we recorded lover median values.

The urinary concentration of MEP in our study in exposed group (median 93.79 ug/l ) is comparable with workers in a
rubber house at the end of shift (median 97.3 ug/l ). However they are lower than in other factories included at mid shift or
at the end of shift (Hines et al., 2008). In contrast with the results of National Health and Nutrition Examination Survey
(NHANES) by Blount et al., (2000) and Silva et al., (2004), we recorded in both group higher median concentration values
of MEP. Use of personal care products with fragrances containing DEP (Duty et al., 2005) in the hours immediately before
collecting of urine sample could affected higher urinary concentrations MEP in general population in our study.

Foodstuff represents the major source of exposure to high-molecular weight phthalates, such as di-(2-ethylhexyl) phthalate
and diisononyl phthalate (DiNP) (Koch et al., 2006; Fromme et al. 2007), therefore we analysed some eating and drinking
habits in comparison with concentrations of phthalate metabolites in each proband from both group. Interestingly we not
found any statistically significant differences. It could be explained by single-spot urine sample which may not reflected the
whole exposure of each participants. Furthermore, the great variability of phthalate metabolites excretion values within
studies was likely due to individual physiological differences of each proband (Fong et al., 2014) or different quantity of
phthalates used in each technology and factory. It suggest that habitual exposure of phthalate play minor role than
occupational exposure, but it is necessary take this fact into account.

Our study has two important limitations. Single spot-urine measurement of phthalates during work shift may not necessarily
reflect the long-term exposure of each participant. Exposure sources may vary over time based on dietary intake, use of
personal care products and other factors. A second limitation of study is that we measured only simple monoesters of
DEHP and DiNP in urine however oxidative metabolites are much more sensitive biomarkers of phthalate exposure. But
despite this limitations and despite the fact that phthalates are ubiquitous environmental contaminants, there is evidence
of occupational exposure of workers from plastic manufactory by DEHP a DiNP.
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Tables
Table 1. Phthalate monoesters: chromatographic and mass spectrometric parameters

Compound Name  Precursor lon  Product lon ;:\;?gmentor Collision Energy (V) (Rrr-:in) LOD, (ugll)
MiNP 291.2 141.2 95 13 15.2 8.12
MiNP- labelled 295.3 79 95 13 15.2

MEHP 2771 133.9 90 14 14.7 0.81
MEHP- labelled 281.1 1371 90 14 14.7

MEP 193.0 771 60 15 6.2 5.02

MEP- labelled 1971 79.0 60 15 6.2

MnBP 2211 76.9 90 10 11.8 3.23
MnBP- labelled 2251 78.8 90 10 11.8

Note: MiNP, monoisononyl phthalate; MEHP, mono (2-ethylhexyl) phthalate ; MEP, monoethyl phthalate; MnBP, mono-n-
butyl phthalate; RT, retention time; LOD, limit of detection

Table 2. Baseline characteristic of study groups

Parameter General population Exposed group
n n=144 n=37

Average SD Average SD
Age 28.0 13.2 456 94
Body height 168.47 8.7 167.5 8.26
Weight 67.99 15.10 79.99 13.07
BMI 24.29 453 27.33 4.88
WHR 0.88 0.68 0.56 0.91
WHTR 0.49 0.08 0.56 0.07

Note: BMI, Body-mass index; WHR, waist to hip ratio; WHtR, waist-to-height ratio
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Table 3. Distribution of the number of participants in both group following five consumer practise (count/%)
Consumer practise n yes no Always/usually ~ Sometimes Never
Drinking hot drink from 37 3(8.1) 34 (91.9)
plastic cup during 24
hour 129 13(10.1) 116 (89.9)
Drinking ~ drink ~ from 37 24 (64.9) 13 (35.1)
plastic bottle during 24
hour 126 109 (86.5) 17 (13.5)
) . 37 10 (27.0) 3(8.1) 24 (64.9)
Heating food in plastic
container in microwave 126 25(19.8) 40 (31.7) 61 (48.4)
Consumption of 37 10 (27.0) 14 (37.8) 13 (35.1)
foodstuff in  plastic
packaging 125 33 (26.4) 77 (61.6) 15 (12.0)
) 37 10 (27.0) 13 (35.1) 14 (37.8)
Food stored in plastic
container 126 50 (39.7) 59 (46.8) 17 (13.9)

Table 4 Urinary concentration of phthalate metabolites (ug/l ) in exposed group (n=37) and general population (n=144)

Percentiles
Std. , 25th SOth, 75th 95th
Mean deviation ~ Min Max (median)
MEP 232.53 421.88 2.51 2669.15 53.98 84.63 209.87 111425
_ MnBP 128.17 120.90 2.28 846.26 6321 88.99 140.08  400.99
© % MiNP 12.08 517 4.60 43.73 1249  13.26 1417 17.76
§ ;t MEHP 30.96 33.39 0.57 253.99 976 2162 39.18 97.39
o MEP 516.14 1.29 2.51 5676.26 56.01  93.79 246.60  5645.79
=4 MnBP 174.77 180.12 31.17 785.44 63.86  108.62 210.69  746.02
§ MiNP 13.56 484 4.60 23.37 1252 13.65 16.21 21.90
L% MEHP 35.53 22.36 4.54 108.46 19.33 3548 45.56 86.12

Note: MiNP, monoisononyl phthalate; MEHP, mono(2-ethylhexyl) phthalate; MEP, monoethyl phthalate; MnBP, mono-n-

butyl phthalate
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