
Occupational exposure to styrene in the fibreglass
reinforced plastic industry: comparison between two
different manufacturing processes

GIOVANNA TRANFO, MONICA GHERARDI*, E. PACI, MARIAPIA GATTO*, A. GORDIANI*,
LIDIA CAPOROSSI, SILVIA CAPANNA, RENATA SISTO*, B. PAPALEO, CARLA FIUMALBI**,
PATRIZIA GAROFANI***
INAIL - Settore Ricerca - Dipartimento di Medicina del Lavoro,Monteporzio Catone (RM), Italy
* INAIL - Settore Ricerca - Dipartimento di Igiene del Lavoro,Monteporzio Catone (RM), Italy
** Azienda Sanitaria Locale ASL10- zona sud-est di Firenze Dipartimento PISLL, Firenze, Italy
*** Azienda Sanitaria Regionale USL 2 di Perugia, Dipartimento di Prevenzione, Perugia, Italy

Med Lav 2012; 103, 5: 402-412

KEYWORDS

Styrene; fibreglass; biological and environmental monitoring

PAROLE CHIAVE

Stirene; vetroresina; monitoraggio biologico e ambientale

SUMMARY

Background: Styrene is used in manufacturing fiberglass reinforced plastics: and occupational exposure was related
to neurotoxicology and genotoxicity. The sum of the metabolites mandelic and phenylglyoxylic acids is the ACGIH
biomarker for occupational exposure with a BEI of 400 mg/g of creatinine in end shift urine corresponding to an
airborne styrene concentration of 85 mg/m3. There are two main molding processes, open and closed, the last more
effective at controlling worker’s styrene exposure. Objectives: To compare the open molding process to the compres-
sion of fiber reinforced resin foils , a kind of closed molding, monitoring the styrene exposure of workers in two pro-
duction sites (A and B). Methods:Environmental Monitoring was carried out by Radiello® samplers and Biolog-
ical Monitoring by means of the determination of MA and PGA with HPLC/MS/MS in 10 workers at Site A
and 14 at Site B. Results: The median values for styrene exposure resulted 31.1 mg/m3 for Site A and 24.4 mg/m3

for Site B, while the medians for the sum of the two metabolites in the end shift urine were 86.7 e 33.8 mg/g creati-
nine respectively. There is a significant linear correlation between personal styrene exposure and the excretion of
styrene metabolites(R=0.74). Conclusions: As expected the exposure markers of the workers of the two production
sites resulted higher in the open process. The analytical results of both environmental and biological monitoring
were all below the occupational exposure limits, confirming the efficacy of the protective devices.

RIASSUNTO

«Esposizione professionale a stirene in industrie di vetroresina: confronto tra due diversi processi produttivi».
Introduzione: Lo stirene è utilizzato nella manifattura plastici rinforzati con fibre di vetro e l’esposizione lavora-
tiva è stata associata con neurotossicità e genotossicità. La somma delle concentrazioni di acido mandelico e fenil-
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INTRODUCTION

Fibre-reinforced plastics, also known as polymer
composites, are successfully used in many industri-
al, aerospace, automobile and military applications.
Examples include bathtubs and shower stalls, hulls
for recreational and commercial watercraft, power
tools, autovehicle parts, structural components for
chemical process equipment and corrosion resistant
storage tanks.
Styrene, due to its double vinyl-bond, has great

chemical reactivity so it is widely used in the man-
ufacture of polymers, resins, and reinforced plastics.
Routes of occupational exposure can be both via
inhalation (17) and, even if less important, via skin
exposure (6, 8).
The major metabolic pathway of styrene in hu-

mans is the formation of styrene-7,8-oxide which
is further metabolized by hydrolysis to styrene gly-
col, and then oxidized to mandelic (MA) and
phenylglyoxylic (PGA) acids, whose total concen-
tration is the dose biomarker suggested by the
ACGIH for occupational exposure, with a BEI of
400 mg/g of creatinine in end-of-shift urine, corre-
sponding to a TLV, in the case of environmental
monitoring for a period of 8 hours, of 85 mg/m3

equivalent to 20 ppm; non-occupational exposure
to styrene is uncommon, but MA and PGA are
considered non-specific biomarkers as they are
metabolic products of other chemicals (1).

Trends in occupational exposure to styrene in
the European Fibreglass-Reinforced Plastics
(FRP) industry showed that the average styrene
environmental concentration near open moulding
workers decreased in the period 1966-1990 (by
5.3%) and then by 0.4% after 1990, with better
conditions in North European industries compared
to Southern Europe; similar data were collected on
urinary mandelic acid as exposure biomarker (20).
Nevertheless the evaporation of styrene from un-
saturated polyester resin into the working environ-
ment during processing in the FRP industry can
still produce significant workers’ exposure to
styrene (15).
Various publications and reports describe possi-

ble adverse health effects among workers in the in-
dustry (20); chronic exposure, in particular to low
doses, has been associated with neurotoxic effects,
slow reaction time, hearing deficits and mood dis-
orders (14, 2); with chronic exposure nephrotoxic
and hepatotoxic effects may also occur (3). Styrene
exposure was reported to cause an increase in DNA
and hemoglobin adducts and in the frequency of
chromosomal aberrations (19); there is less evi-
dence for an association between styrene exposure
and the frequency of sister chromatid exchanges
(16).
There are two general classes of composites man-

ufacturing processes: open moulding and closed
moulding. With open moulding, the gel coat and

gliossilico è l’indicatore biologico ACGIH per l’esposizione lavorativa a stirene, con un BEI di 400 mg/g di creati-
nina nell’urina di fine turno corrispondente ad 85 mg/m3 di stirene aereodisperso. Esistono due tipi di stampaggio,
uno “aperto” e l’altro “chiuso”, più efficace nel ridurre l’esposizione dei lavoratori. Obiettivi: Confrontare il processo
aperto con quello di compressione di fogli di resina pronti, assimilabile al processo chiuso, monitorando l’esposizione
a stirene dei lavoratori in due aziende (A e B).Metodi: Il monitoraggio ambientale è stato condotto con campiona-
tori Radiello® e quello biologico mediante determinazione di acido mandelico e fenilgliossilico con HPLC/MS/MS
su 10 lavoratori dell’azienda A e 14 dell’azienda B. Risultati: I valori mediani per l’esposizione a stirene sono ri-
sultati 31,1 mg/m3 per il sito A e 24,4 mg/m3 per il sito B, mentre le mediane della somma dei metaboliti nell’urina
di fine turno sono risultate rispettivamente 86,7 e 33,8 mg/g creatinina. La correlazione fra i livelli di esposizione
personale a stirene e l’escrezione dei metaboliti urinari è risultata statisticamente significativa (R=0,74). Conclu-
sioni: Come atteso, gli indicatori di esposizione dei lavoratori delle due aziende sono risultati maggiori nel processo
aperto. I risultati del monitoraggio ambientale e biologico sono tutti inferiori ai valori limite, confermando
l’efficacia dei dispositivi di protezione.
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laminate are exposed to the atmosphere during the
manufacturing process; the most common open
moulding process involves ‘layup’ of several layers,
either by hand or some type of mechanical applica-
tion equipment, such as a spray gun (at high or low
pressure); in open mould fabrication, styrene evapo-
ration occurs during the application of gel-coat or
resin materials and continues until the gel- coat
film or resin laminate has been cured (13). In closed
moulding, the composite is processed in a two-
sided mould set, or within a vacuum bag; the litera-
ture shows that closed moulding is very effective in
controlling workers’ exposure to styrene, reducing
the environmental styrene concentrations by one
order of magnitude (10).
The present paper explores the results of the en-

vironmental and biological monitoring of workers
in two different manufacturing sites, one where the
open moulding process was used, and the other
where compression moulding of ready-to-use fi-
bre-reinforced resin foils was performed, a process
that can be considered a kind of closed moulding.

METHOD

Description of the studied enterprises

The two different manufacturing sites involved
in the study were both located in Central Italy. We
will call them site A and site B. Investigations were
carried out in May at Site A (external temperature
range 9-24°C) and in July at Site B (18-33°C).
Site A produced fibreglass-reinforced plastic

containers and pieces to be used in different prod-
ucts like boats, furniture parts, or coatings and so
on. In this enterprise workers used the hand lay-up
open moulding process.
The manufacturing cycle of the fiberglass was

characterized by the following phases:
1. manufacturing of moulds produced by
stretching polyvinyl alcohol and wax on the
surface of wooden models, to facilitate the de-
tachment of the article when the forming op-
eration is completed;

2. sheets of glass fibre were placed on the surface
of the mould on which the resin is spread us-

ing machines or impregnating by hand using
brushes;

3. the piece is then brought into a drying com-
partment, where the curing phase was com-
pleted. Once the product is dry and hardened,
it is extracted from the mould;

4. the finishing phase included cutting, grinding
and shaping of the parts to be assembled with
other components for bonding (in the model-
ling compartment). The piece was then
brought into the paint compartment for the
final stages of manufacture.

The resins are products based on polyesters sus-
pended in styrene, and the gel-coats are plastic
paints based on unsaturated polyesters suspended
in styrene; the glass fibres are the reinforcing mate-
rial.
Production was located in one large area divided

in three sections assigned to different tasks, but
with no physical barriers between them: the first
was used for model making, the second for the ap-
plication of resins (figure 1) and reinforcing mate-
rials and the third for finishing the piece. The ap-
plication of the resins and gel-coats took place in a
special area equipped with a suction system with
filters to capture most of the solvents and dust pro-
duced during this manufacturing phase. The per-
sonal protection equipment consisted of Tyvek®
overalls, gloves and dust masks.

404

Figure 1 -Hand lay-up of styrene resin of a medium-sized
piece at site A. The worker is wearing gloves and a dust
mask. The small bag at the waist is a pump for air sam-
pling (data not reported here).
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Site B produced fiberglass-reinforced plastic
pieces to be used in different commercial activities
(both small sized such as boxes for electrical sup-
plies, and larger sized). The working area was a
large shed in which every phase of the manufactur-
ing process took place, and all the workers worked
in this shed.
Compression moulding is a high-pressure

method suitable for moulding fibreglass-reinforced
plastic parts on a rapid time cycle. The mould set is
mounted in a moulding press and the moulds are
heated to 2500 to 4000 F. The moulding com-
pound is supplied in large foils, protected by two
plastic sheets (figure 2).
The manufacturing cycle can be thus described:
1. A charge of moulding compound is placed in
the open mould.

2. The two halves of the mould are closed and
pressure is applied. Depending on thickness,
size, and shape of the part, curing cycles range
from less than a minute to about five minutes.

3. The press is opened (figure 3) and the hot
mould is extracted and left to cool.

4. The pieces are extracted from the moulds and
finished.

5. Packaging and storage.
The parts made were typically used for: motor

vehicles, construction, furniture and electrical com-
ponents. The personal protection equipment con-
sisted of gloves (also for heat protection), glasses
and dust masks.

Study subjects

An informed consent was used to clarify to the
workers the objectives of the study and to deter-
mine the number of volunteers. A questionnaire
was also administered to the enrolled workers in
order to collect information on their present and
past physiological and pathological history, dietary,
alcohol and smoking habits, use of drugs, particu-
larly enquiring about their occupational history, es-
pecially to gather information on any possible
source of exposure to styrene both inside and out-
side the workplace. Questions were asked about the
materials handled and the protection equipment
used.
The study group at Site A consisted of 10 work-

ers, 7 of which were females and all assigned to the
hand lay-up task, and 3 males assigned to produc-
ing wood models and finishing the end products.
The work shift started at 8.00 am and finished at 5

EXPOSURE TO STYRENE IN THE FIBREGLASS INDUSTRY 405

Figure 2 - Foils of moulding compound as delivered by the
supplier at site B

Figure 3 -A press just opened – Site B
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pm. Personal air sampling and urine sampling be-
fore the beginning and at the end of the work-shift
were performed at Site A on the same day.
The study group at Site B consisted of 14 work-

ers, all males, assigned to various tasks, working on
three different shifts covering 24 hours (6 am - 2
pm.; 2 pm - 10 pm; 10 pm - 6 am); personal air
and biological monitoring were carried out for all
workers, covering the three different consecutive
shifts in 24 hours: personal air sampling covered an
8h working shift and urine samples were collected
before the beginning and at the end of each single
work shift. In table 1 a description of the sample is
presented, regarding age, gender, work task, smok-
ing habits and alcohol consumption.
28 controls were recruited among volunteers, liv-

ing in the same geographical area of the workers
and not occupationally exposed to styrene, with age
and gender as close as possible to the workers
group: 12 for site A and 16 for site B, called C1 to
C28, listed in table 1. They were requested to pro-

vide only one spot sample of urine and to fill in a
short questionnaire, asking for details about smok-
ing habits, alcohol consumption and job per-
formed.

Environmental monitoring methods

Both environmental and personal monitoring of
airborne exposure to styrene were performed using
diffusive samplers (Radiello FSM, Italy). For envi-
ronmental monitoring, static indoor samplers were
performed; moreover, outdoor samples were cou-
pled to indoor ones to identify the influence of in-
door sources. As to individual monitoring, subjects
wore the sampler in the breathing zone during the
work shift. The collected styrene was recovered
from the absorption tube by means of solvent ex-
traction (2 ml of CS2 in an ultrasonic bath for 30
minutes), and analysed by gas chromatography
coupled with mass spectrometry (GC/MS).

Chemicals and supplies

Radiello passive air samplers were supplied by
Supelco. All reagents were of high purity analytical
grade. The analytical reference standard of styrene
was purchased from Riedel-de Haën (Buchs,
Switzerland), deuterated styrene (d8) from Isotec,
Inc. (Miamisburg, OH, USA). Carbon disulfide
was purchased from Sigma-Aldrich (Steinheim,
Germany). A Milli-Q water purification system
(Milli-pore, Bedford, MA, USA) was used to sup-
ply high purity de-ionized water. A polyethylene
glycol capillary column DB-WAXetr 123-7334 (30
m × 0.32 mm i.d., 1.00 µm film thickness; J&W-
California, USA) was used for the chromatograph-
ic separation. Pure Helium (purity level 99.999%)
was used as GC carrier gas (Air Liquid, Milan,
Italy).

Instrumental analysis

Quantitative determinations of airborne styrene
were performed by a gas chromatograph (6890N
Agilent Technologies) coupled with a single
quadrupole mass spectrometer (5973 MSD Sys-
tem, Agilent Technologies). The peak areas were

406

Table 1 - Sample description: workers and controls

Site A Site B

Workers 10 14
Age (SD) 40.13 (6.17) 41.50 (8.51)
Male 3 14
Female 7 0
Smoking
yes 3 9
no 7 5

Alcohol
yes 8 11
no 2 3

Task
Pressing/moulding 7 12
Finishing/carpentry/cutting 3 2

Controls 12 16
Age (SD) 41.45 (8.47) 39.07 (8.15)
Male 6 12
Female 6 4
Smoking
yes 2 8
no 10 8

Alcohol
yes 10 15
no 2 1
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integrated by the ChemStation Software (Agilent
Technologies). The injection temperature (split ra-
tio 1:10) was set at 230°C. Helium carrier gas flow
rate in the analytical column was 1.5 mL/min. The
column oven temperature was initially set at 50°C,
then raised to 120°C with 2.5°C/min increments.
Electron impact spectra were obtained with elec-
tron energy of 70 eV. Detection and source tem-
perature were set at 150°C and 230°C, respectively.
Detection was performed in the single-ion moni-
toring (SIM) mode. The mass-to-charge ratios
(m/z) selected were 104 for styrene and 112 for
styrene (d8), used as internal standard. Working
calibration standard solutions, blanks and samples
were analysed in triplicate and the average was
used. The detection limit (LOD) and the lower
limit of quantification (LLOQ) were 0.7 µg/m3

and 1.9 µg/m3 respectively. The intra- and inter-as-
say precision of the method was below 10%.

BiologicalMonitoringMethods

The biological monitoring of styrene was based
on the determination of the two urinary metabo-
lites, MA and PGA, as biomarkers of internal
dose, using a HPLC/MS/MS method.

Chemicals and supplies

The analytical reference standards of DL man-
delic acid and phenylglyoxylic acid were purchased
from Fluka (Sigma-Aldrich, Germany). The deu-
terium labelled internal standards ± mandelic-D5
acid 99.4% and sodium phenyl-D5- glyoxylate
99.8% were obtained from CDN Isotopes (Que-
bec, Canada). Glacial acetic acid (100% Merck,
Darmstadt, Germany), formic acid (50% Sigma-
Aldrich, Germany) and purified water from a Mil-
li-Q Plus system (Millipore, Milford, MA, USA)
were used for preparing the mobile phase and for
diluting the samples. Anotop 10 LC syringe filters
(0.2µm pore size, 10 mm diameter) were purchased
from Whatman Inc. (Maidstone, UK). A Kinetex
2.6 µ C-18 100 Å chromatographic column (100x
4.6 mm) was supplied by Phenomenex (USA) and
used throughout the study. Urine samples were col-
lected in plastic urine containers and immediately

transferred into PTFE 50 ml screw cap tubes
stored at −20°C until analysis.

Instrumental analysis

Each 10 ml urine sample was diluted with 10 ml
of 2% acetic acid, spiked with 100 µl of internal
standards (MA-D5 and PGA-D5) solution (10
mg/l), filtered on 0.2 µm syringe filter; 20 µl were
injected into the HPLC-MS/MS system (API
4000, AB Sciex) for MA and PGA quantitative
analysis.
Chromatographic separation was performed on

a Series 200 LC quaternary pump (Perkin Elmer,
Norwalk, CT, USA) using a 100x4.6 mm length,
100 Å of particle size, Kinetex 2.6 µm C-18 ana-
lytical column. The elution was carried out using a
gradient of acetonitrile (phase A) and formic acid
0.2% (phase B), at a flow rate of 500 µl/min. Total
run time was 10 min. The retention time of MA
and its internal standard (MA-D5) was around 4.5
min, while for PGA and its internal standard
(PGA-D5) the retention time was 4.0 min.
Detection was carried out in the negative ion,

multiple reaction monitoring (MRM) mode, and
parameters were optimized for the analytes by the
automated “Infusion Quantitative Optimization”
procedure and subsequently refined by flow injec-
tion analysis (FIA) using the pure standards. The
following m/z ion combinations (precursor →
product) were monitored and the transitions were
as follows: m/z -150.9/-107.3 for MA, m/z -
148.8/-105.1 for PGA, while for internal standard
MA-D5 was -155.9/-112.0 and for PGA-D5 -
153.8/-126.0. MS/MS instrumental parameters
were as follows: dwell time 500 ms, curtain gas (ar-
bitrary unit) 30, gas 1 (arbitrary unit) 12, gas 2 (ar-
bitrary unit) 2, collisionally activated dissociation
(CAD) (arbitrary unit) 4, collision cell entrance
potential (∆V) -10, collision energy (∆V) -12, for
all transitions, while collision cell exit potential
(∆V) was -5 for MA and PGA, -7 for PGA-D5
and -9 for MA-D5, cluster-breaking orifice voltage
(∆V) was -40 for PGA-D5, -45 for MA and
PGA, -50 for MA-D5.
Quantitative determination for MA and PGA

was performed using the isotopic dilution method

EXPOSURE TO STYRENE IN THE FIBREGLASS INDUSTRY 407
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that allows determination of urinary concentration
compensating for the matrix effect. LOD was 0.02
mg/l for MA and 0.015 mg/l for PGA, and LOQ
0.075 and 0.040 mg/l respectively. Accuracy was
always higher than 82% and variability lower than
11% for both analytes.

Statistical analysis

For the statistical analysis of results SPSS® ver-
sion 19.0 (IBM® Corporation, Armonk, NY, USA)
was used. The first study of data was conducted to
evaluate the possible normal distribution of the val-
ues, and due to the small number the Shapiro Wilk
Test was used; this test compares two alternative es-
timators of variance σ2, a non-parametric and a
parametric one: the range for the test result is from
0 to 1, with values <0.05 we reject the hypothesis of
normal distribution. Application to our data indi-
cated a non-normal performance of the data in
most of the cases, and therefore subsequent correla-
tions were all conducted using non-parametric tests.
In particular the Mann-Whitney test was used,

which is applicable in the case of two independent
samples in order to verify if they belong to the
same population or not. The assumption is that the
two samples come from the same population: with
significance <0.05 this hypothesis is rejected and
the difference between the two samples is con-
firmed to exist.
The univariate linear regression of the MA+PGA

versus the airborne styrene concentration was stud-
ied. The slope and the intercept of the best fitted
line were estimated by means of a standard least
squares method. A confidence interval for the best
fitted linear regression parameters was also estimat-
ed corresponding to a 95% confidence level. Data
were analyzed by means of R statistical software (R
Foundation for Statistical Computing, Vienna, Aus-
tria.ISBN 3-900051-07-0,URL http://www.R-pro-
ject.org).

RESULTS AND DISCUSSION

Exposure monitoring was performed for all
workers, in order to assess potential exposures for

all tasks; the cumulative results obtained for the
personal air and biological monitoring of all work-
ers, for those involved in moulding and for other
tasks (both at the beginning of the shift and at the
end of shift) are reported in table 2 for both sites,
together with the urinary dosage of styrene
metabolites for the two groups of controls.
Three workers at site A and two at site B not in-

volved in the moulding/pressing tasks showed the
lowest exposure values, showing that working con-
ditions not linked with moulding, even if in the
same area, do not cause a significant exposure to
styrene; therefore these five workers were not in-
cluded in the comparison between the two process-
es.
The data reported in table 2 show that there was

a statistically significant difference between the
end-of-shift concentration of styrene metabolites
of exposed workers and controls both for site A
and for site B.
Comparison of the results of biological monitor-

ing of workers performed at the beginning and at
the end of the work shift, both for site A and for
site B, showed a significant difference between
urine concentration values. The difference between
the control group and the before-shift values of
workers was also statistically significant, indicating
that metabolism is not able to completely eliminate
the styrene absorbed dose during the rest period,
specially for site A but also for site B. This is due
to the long elimination half-life of mandelic acid,
up to 40 hours (1), and to the high partition coeffi-
cient (61.3) between adipose tissue and blood for
styrene (9); in fact a specific accumulation in this
tissue was shown (7) and the fraction of styrene ac-
cumulated is slowly released resulting in a delayed
formation and excretion of urinary metabolites
(12).
The linear regression between environmental

and biological monitoring results of all workers at
end of the shift is reported in figure 4 for both
sites, together with its 95% confidence interval.
There was a significant linear correlation between
personal airborne styrene exposure and the excre-
tion of styrene metabolites (R= 0.74 ).
For subjects with metabolite levels higher than

expected (however within the 95% of confidence

408

11-tranfo:11-tranfo 30-08-2012 9:06 Pagina 408



EXPOSURE TO STYRENE IN THE FIBREGLASS INDUSTRY 409

Table 2 - Results of environmental and biological monitoring of workers and urinary dosage of controls

Study subjects Statistics Styrene (Radiello®) MA+PGA mg/g creat MA+PGA mg/g creat
mg/m3 Before shift End shift

Site A Mean 30.53 49.92 73.58
All subjects SD 23.73 34.47 50.41

Median 31.06 49.8 86.7
Min-max 0.38-72.31 1.3-93.3 3-132.3
count 10 10 10

Site A Mean 41.58 63.2 103.0
pressing/moulding SD 18.73 25.6 21.0

Median 33.01 74.7 104.6
Min-max 20.34-72.31 20.4- 93.3 76.7-132.3
count 7 7 7

Site A Mean 4.72 3.45 4.9
Other tasks SD 7.42 3.04 3.03

Median 0.48 3.45 3.3
Min-max 0.38-13.29 1.3-5.6 3-8.4
count 3 3 3

Site A Mean N.A. 1.95 N.A.
Controls SD 4.70
(spot urine samples) Median 0.52

Min-max 0.05-16.76
count 12

Site B Mean 26.03 12.02 69.21
All subjects SD 26.66 9.33 74.19

Median 24.42 9.78 33.84
Min-max 2.24-104.17 1.44-33.6 1.42-218.42
count 14 14 14

Site B Mean 30.33 14.6 85.9
pressing/molding SD 26.34 8.9 75.6

Median 26.60 13.5 47.1
Min-max 2.53-104.17 4.33-33.6 2.52-218.4
count 12 12 12

Site B Mean 2.34 1.65 6.44
Other tasks SD 0.13 0.3 7.1

Median 2.34 1.65 6.44
Min-max 2.24-2.43 1.44-1.86 1.42-11.46
count 2 2 2

Site B Mean N.A. 0.9 N.A.
Controls SD 0.8
(spot urine samples) Median 0.6

Min-max 0.3-3.3
count 16

N.A.=not assessed
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interval of the regression lines showed in figure 4)
one possible hypothesis could be dermal absorp-
tion, even if a “skin” notation is not indicated for
the latest ACGIH TLV of 20 ppm, while it was
indicated for the 50 ppm TLV valid until 1996.
The literature reports that “the percutaneous ab-
sorption of styrene is usually an insignificant expo-
sure route and does not contribute significantly to
the body burden of workers in the reinforced plas-
tics industry” (11), while other literature data indi-
cate instead that styrene damages human skin,
even at concentrations comparable to the TLV, and
that oxidative stress is involved in these effects (6).
The workers examined wore gloves and dust masks
with the main aim of protection against glass
fibers, that are highly irritating, but specially at site
B, some parts of the body (face, neck and in some
cases arms) were not covered. Further studies need
to clarify if climatic conditions characterized by
high temperature and humidity, repeated exposures
and damaged skin can increase styrene cutaneous
absorption.
Unexpectedly, when results of Site B (compres-

sion moulding) are compared to those of Site A

(open moulding), personal styrene exposures mea-
sured by Radiello® do not show statistically signifi-
cant differences, nor do the concentration values of
urinary metabolites at the end of the work shift.
However the values reported in table 2 (mean,

median and minimum value) appear lower for Site
B than for Site A, even if the difference is not sta-
tistically significant, probably due to the small size
of the group, but data for site B are much more
dispersed (standard deviation is higher). This could
be interpreted as follows: even if the compression
moulding process reduces styrene exposure of
workers, the process at site B was not adequately
under control and some subjects still presented very
high exposure levels; this could be attributed to a
lower risk perception leading to an incorrect use of
personal protection equipment.

Effect of smoking

Even if cigarette smoking is a known source of
styrene (15, 4, 5), non-occupational exposure to
styrene was defined as uncommon by the ACGIH
(1). However, we compared the styrene biomarkers

410

Figure 4 - Correlation between environmental and biological monitoring. The dotted lines show the 95% confidence inter-
val for the regression line
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levels of non- smoking controls (No.=16) to those
of smoking controls (No.=8) and did not find any
statistically significant difference (Mann Whitney,
p>0.05). Therefore we considered cigarette smok-
ing negligible with reference to the levels of man-
delic and phenylglyoxylic acid in the urine mea-
sured by HPLC/MS/MS. Non-smoking controls
were 17, but one result was considered an outlier
(17.67 mg/g of creatinine for MA and 0 for PGA)
and was not used for this comparison.
The values observed both for smokers and non-

smokers were very much lower than the values
measured on the workers and are comparable to
the respective reference intervals estimated for MA
and PGA in the general population in Italy: 0.084-
2.339 and 0.009-1.238 mg/g creatinine, respective-
ly (9).

CONCLUSIONS

The study of two enterprises with different
manufacturing cycles, the first using manual open
moulding, the second compression moulding, did
not produce the expected results, since the differ-
ences in the results of environmental and biological
monitoring of the workers were not marked.
The difference between the MA and PGA uri-

nary levels in the control group (that were compa-
rable to the reference values for the general popula-
tion in Italy) and the before-shift values of the
workers confirms the slowness of styrene metabo-
lism, while further studies are needed to clarify if
high temperature and humidity, repeated exposures
and damaged skin can increase styrene cutaneous
absorption.
The compression moulding process should be

able to reduce styrene exposure of workers with re-
spect to open moulding, but some subjects at site B
still presented very high exposure levels: this could
be partly attributed to a lower risk perception lead-
ing to an incorrect use of protection devices.
Although analytical results were all below the

occupational exposure limits (both environmental
and biological), they show that styrene exposure
could be further reduced, especially in compression
molding, focusing attention on the relationship be-

tween risk perception and correct use of collective
and personal protection devices.
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THIS ARTICLE WAS REPORTED
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