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Abstract
Objectives The aim of this study was to determine urinary 1-hydroxypyrene (1-HP) levels in
contemporary Swedish vulcanization workers and in controls. These levels were used as an
index substance for vulcanization fumes, as well as a biomarker for polycyclic aromatic
hydrocarbons (PAHs). The risk of symptoms and changed levels of immunologic markers
were investigated in relation to the 1-HP levels.
Methods Included in the study were 163 exposed workers and 106 controls. Medical and
occupational histories were obtained by structured interviews. Symptoms were recorded and
immunologic markers analysed in blood by routine analysis methods. Levels of 1-HP were
determined by liquid chromatography and fluorescence detection.
Results The highest levels of 1-HP were found among exposed workers using injection and
compression vulcanization, and lower levels were found among exposed workers vulcanizing
with salt bath, hot air, microwaves or fluid-bed. Compared to controls, exposed workers had
increased risks of eye symptoms, nosebleeds, burning and dry throat, hoarseness, severe dry
cough, nausea and headache. Furthermore, exposed workers had elevated levels of neutrophils
and total IgG (immunoglobulin subclass G). However, only for severe dry cough an evident
exposure-response relationship with urinary 1-HP levels was found.
Conclusions This work clearly shows increased levels of urinary 1-HP in Swedish
vulcanization workers. Furthermore, it demonstrates an increased risk of several symptoms
and elevated levels of some immunologic markers in these workers. However, no obvious
exposure-response relationships were found.

Keywords Airway symptoms, Biomarkers, Exposure-response relationships, PAH,
Vulcanization fumes
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Introduction
The exposure situation in the rubber industry is very complex. A large diversity of compounds
are used and additional compounds are formed in the different processes. Therefore, it is not
possible to conduct an exposure assessment for every single compound. One way to handle
the assessment of the multitudinous exposure is to use index substances, i.e. a specific
substance as a marker of a larger group of compounds. In an earlier study by our group,
urinary levels of 2-thiothiazolidine-4-carboxylic acid (TTCA) were used as an index
substance for the exposure in the rubber industry. TTCA is a marker for carbon disulfide as
well as for vulcanization fumes in general (Jönsson et al. 2007a). Some exposure-response
relationships with symptoms (e.g. in the airways) and immunologic markers were found.
However, it may be favourable to use more than one biomarker for more accurate risk
assessments.
Workers in the rubber industry are at risk of exposure to polycyclic aromatic
hydrocarbons (PAHs). Large amount of PAHs may be added to the rubber through extender
oils, which may make up as much as 20% of the total weight of a tire or other rubber products
(Talaska et al. 2002). In addition, PAHs may be present in the rubber fumes due to incomplete
combustion or pyrolysis of organic material. Thus, exposure to PAHs may be a suitable index
for vulcanization fumes in the rubber industry.
PAH is a generic name for several hundred different compounds. One of these is pyrene,
which is metabolized into 1-hydroxypyrene (1-HP), which in turn is conjugated to a major
part with glucuronide or sulfate, and excreted in urine (Singh et al. 1995). Urinary 1-HP is
suggested to be the most relevant parameter for estimating individual exposure to PAHs (Dor
et al. 1999).
This study aimed to monitor the 1-HP levels, as a measure of vulcanization fumes as
well as PAHs, among subjects currently working in the Swedish rubber industry. Eight
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different companies in southern Sweden were examined and the 1-HP levels among
employees working with different vulcanization processes at these companies were analysed.
In addition, 1-HP levels in controls, not occupationally exposed to PAHs, were analysed.
Another aim of this study was to analyse exposure-response relationships between on
the one hand vulcanization fumes/PAH exposure in the rubber industry and several symptoms
and effects on the levels of different immunologic markers, on the other.

Materials and methods
Study subjects
Included in the study were 163 exposed workers who vulcanized with sulfur or worked in the
same hall as people vulcanizing with sulfur, the same day as the urine samples were collected.
They were employed at eight different rubber companies, which are described in detail
elsewhere (Jönsson et al. 2007a). The exposed workers did not use personal protection
devices. In addition, 106 controls with no occupational contact with rubber or plastic
chemicals were included in the study. This cohort is described in detail in Jönsson et al.
(2008). All study subjects were working in southern Sweden and present at work at the time
of the medical examinations. Some individual characteristics of the exposed workers and the
controls are shown in Table 1. The risk of symptoms and effects on levels of immunologic
markers among all the exposed workers were compared to the controls in an earlier study
(Jönsson et al. 2007b). Thus, these results are not presented here.
Complete information on urinary levels of 1-HP, symptoms and levels of immunologic
markers were available for 154 exposed workers and 94 controls. For the remaining study
subjects data on one or more parameters was missing, but these study subjects were included
in the analyses when possible. The study subjects gave their informed written consent to take
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part in the study and the study was approved by the Regional Ethical Committee of Lund
University.

Medical examination
Medical and occupational histories were obtained as described in Jönsson et al. (2007b).
Questions dealt with symptoms, which had occurred during the past 12 months. The questions
were the same as in Jönsson et al. (2007b). At the time of the medical examinations, the
results of the biomarker analyses were not known to the workers or the investigators.

1-hydroxypyrene analysis
Urine was collected at one occasion from both exposed workers and controls during the last 4
h of an 8 h work shift. The samples were collected on Tuesdays, Wednesdays or Thursdays.
The level of 1-HP was analysed as previously described (Jongeneelen and Anizon 1991). The
limit of detection (LOD) was determined to be 0.01 ng/ml urine. Samples <LOD were
assigned a value of half the LOD. The precision was 7 % at 2.3 ng/ml. The results were within
the tolerance limits in the Round Robin inter-comparison program (professor Dr. med. Hans
Drexler, institute and out-patient clinic for occupational, social and environmental medicine,
University of Erlangen-Nuremberg). The levels of 1-HP were adjusted for creatinine content,
which was analysed enzymatically according to Mazzachi et al. (2000).

Blood analysis
Venous blood samples were collected during work, handled according to the instructions from
the laboratories involved, and analysed by routine clinical methods as blinded samples. The
same immunologic markers as in Jönsson et al. (2007b) were analysed. Atopy was defined as
positive when at least one of the allergens in the Phadiatop test gave a positive response.
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Statistical analysis
Differences in 1-HP levels between exposed workers and controls, as well as between men
and women, smokers and non-smokers, and snuffers and non-snuffers, in each exposure
group, and between exposed workers vulcanizing with different methods, were estimated
using analysis of variance (ANOVA). To examine the effect of vulcanization fumes/PAH
exposure on the symptoms and immunologic markers mentioned above, all exposed workers
were divided into three equally sized groups according to their urinary 1-HP levels (cut-off at
0.10 and 0.23 µmol/mol creatinine, respectively). Thereafter, each group was compared with
the controls. To estimate the risk of the different symptoms, odds ratios (ORs) were estimated
using logistic regression. Differences in immunologic markers were assessed by ANOVA,
again using the trichotomized exposure measure.
A probability-probability plot suggested that the levels of 1-HP and immunologic
markers should be transformed (natural logarithm) before use in the models. For the
transformed variables, the formula 100(eβ – 1), where β is the effect estimate, was used to
estimate the percentage increase or decrease in the average level of the outcome in the
evaluated group (Vittinghoff et al. 2005). Please note that all percentages presented were
calculated using this formula.
Potential confounders (atopy, age, sex, smoking and snuffing habits) were evaluated for
association with exposure and the dependent variables. Categorical factors were considered as
confounders if the fraction between groups (e.g. men and women, smokers and non-smokers)
differed more than 5% units, continuous factors if the median difference between groups
exceeded 10%. Associations between two continuous variables were determined using
Spearman's coefficient of correlation (RS), where a coefficient greater than 0.15 was
considered an association. Potential confounders were included in the model only if they were
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found to be associated with both the exposure and the dependent variable. If a factor was
considered to be a confounder for at least one symptom, it was included in the models for all
the symptoms. The procedure was same for immunologic markers.
Correlation between 2-thiothiazolidine-4-carboxylic acid (TTCA) and 1-HP was
calculated using RS.
For all statistical analyses, SPSS v.13.0 (SPSS Inc., Chicago, IL, USA) was used.

Results
The levels of 1-HP in urine from the exposed workers and controls are shown in Table 2.
Adjusting for age and smoking habits, exposed workers were estimated to have in average
200% higher urinary 1-HP level than the controls (P < 0.001). The median of 1-HP levels
varied between 0.057 and 0.35 µmol/mol creatinine between companies. Furthermore, the
levels of 1-HP differed between different subdivisions at the same company.
When workers vulcanizing with different methods were compared (Table 3), there were
differences in 1-HP levels between workers vulcanizing with injection and compression
compared to those vulcanizing with salt bath (P = 0.004) and those vulcanizing with hot air,
microwaves and fluid-bed (P = 0.001). When comparing salt bath vulcanizing with hot air,
microwaves and fluid-bed vulcanizing the difference was not statistically significant (P =
0.31). The analyses were adjusted for age, sex, atopy and smoking habits. When dividing the
exposed workers into three equally sized groups according to urinary 1-HP levels, the number
of workers vulcanizing with each method differed between the different exposure groups
(Table 3). The pattern was opposite when compared to the same study subjects which were
divided into three groups according to urinary TTCA levels (Jönsson et al. 2007b).
Furthermore, there was no statistically significant correlation between the levels of 1-HP and
TTCA in urine among these study subjects (RS = -0.11, P = 0.17).
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Adjusting for age, atopy, snuffing and smoking habits, there was no statistically
significant difference (P = 0.66) between exposed men and women regarding urinary 1-HP
levels. The difference in average 1-HP level was only 9.2%, women having higher 1-HP level
than men. Neither, there was any statistically significant difference between the sexes within
different vulcanization method strata (data not shown). However, among controls, there was a
statistically significant difference (P < 0.001) between sexes, women having in average 330%
higher 1-HP level than men.
Smokers had an increase in urinary 1-HP levels; exposed workers who smoked had in
average 130% higher 1-HP level than non-smokers (P < 0.001), while smoking controls had
140% higher 1-HP level than non-smokers (P = 0.002). Analyses were adjusted for sex and
atopy. Snuffers also had an increase in urinary 1-HP levels, but it did not reach statistical
significance (11%, P = 0.67 among exposed workers and 60%, P = 0.19 among controls).
Analyses were adjusted for sex and smoking habits.
In at least one of the 1-HP subgroups, the exposed workers had increased risks of
symptoms from the eyes (itching, running, and/or burning) and throat (burning and dryness),
as well as hoarseness and severe dry cough, compared to the controls (Table 4). An increased
risk of nosebleeds (but of no other nasal symptoms) and of nausea and headache was also
observed. The risk of symptoms in the lower airway, such as dyspnea, etc. was slightly
elevated in all subgroups. However, the increased risks of dyspnea, etc. were not statistically
significant. Only for severe dry cough, there was an evident exposure-response relationship
with urinary 1-HP levels.
An increased concentration of neutrophils was found among workers with high levels of
1-HP (Table 5). Furthermore, increased levels of total plasma IgG were observed in all 1-HP
subgroups, with the highest concentration among exposed workers with low 1-HP levels.
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Furthermore, we observed increased levels of total IgE in all 1-HP subgroups, but it did not
reach statistical significance. No clear exposure-response relationships were found.
Excluding of study subjects with presumable Eastern Asian descent was performed in
the whole group in an earlier work (Jönsson et al. 2007b). The exclusion did not affect the
significance levels of the effect estimates.

Discussion
This work demonstrates clearly increased levels of urinary 1-HP in contemporary Swedish
vulcanization workers. Furthermore, it demonstrates an increased risk of symptoms from the
eyes and airways, as well as for nosebleeds, nausea and headache in these workers. They were
also shown to have elevated levels of total IgG. However, no obvious exposure-response
relationships were found for these symptoms and immunologic markers using 1-HP as a
biomarker of exposure.
Urinary levels of 1-HP of a rather high magnitude were found in the exposed workers
compared to the controls. Company 2 (division B), 5 and 6 had particularly high levels of 1HP. These divisions had a large proportion of the production done in compression and
injections units.
The diet is estimated as an important source of PAH intake in the non-occupationally
exposed population (IARC 1983). In the present study the information on food intake was
insufficient for inclusion in the models. However, this exposure may be of minor importance
in this study as the differences between exposed workers and controls were rather large
regarding 1-HP levels in urine.
Smoking is a known source for PAH exposure. Thus, reference values as a 95th
percentile for smokers and non-smokers are 0.76 and 0.24 µmol/mol creatinine, respectively
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(Jongeneelen 2001). In our study an increase in 1-HP levels in smokers compared to nonsmokers were also found, but the difference appeared to be smaller here.
Earlier studies in the rubber industry have mainly included men. In this survey we
included both sexes. However, we observed no differences between male and female rubber
workers regarding 1-HP levels in urine. Notably, a statistically significant difference was
observed between sexes among controls, women having more 1-HP than men. However, there
is no straightforward explanation for this.
To our knowledge, only one earlier study has measured 1-HP in the rubber industry
(Talaska et al. 2002). In that study the 1-HP geometric mean levels in 24 h urine samples were
about two times the levels in our study. The 1-HP median among controls was in accordance
with an earlier study in Sweden (Levin 1995).
The present work demonstrated an increased risk of several symptoms. Elevated levels
of total IgG and neutrophils in the exposed workers were also observed. Only for severe dry
cough an exposure-response relationship were found. Regarding the levels of neutrophils, the
largest effect was seen in the highest 1-HP subgroup.
There may be an information bias concerning reporting of symptoms, both on the part of
the observed workers and the observer. However, this seems to be of minor importance since
there was a high to moderate agreement between interviews performed by a physician and
self-administered questionnaires answered before the interviews (data not shown).
The urinary levels of 1-HP reflects the PAH exposure only during the last couple of
days, due to the rather short half-life (18 h) of the metabolite (Buchet et al. 1992). On the
other hand, the occurrence of symptoms was asked for during 12 months. The change in the
levels of immunologic markers was also suspected to reflect a longer time of exposure.
Furthermore, there may be a variation in the individual immune response over time. Thus,
there might be a problem to observe exposure-response relationships in the present study.
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However, symptoms during the last 3 days were also recorded and when repeating the
analyses using this data, the pattern was similar (data not shown).
In the present study, 1-HP was used as an index substance of vulcanization fumes as
well as a biomarker of PAH exposure. There are several other studies indicating symptoms
from the eyes and airways in the rubber industry (Weeks et al. 1981; Sparks et al. 1982;
Zuskin et al. 1996; Fine and Peters 1976). However, the association between these symptoms
and PAH exposure has not been studied in the rubber industry before.
In earlier studies where 1-HP has been measured, it has been applied as an index
substance of PAHs (Dor et al. 1999). Major attention has been paid to malignant diseases
(Boffetta et al. 1997). Nevertheless, some studies have examined nonmalignant diseases and
immunological effects due to PAH exposures in other industries than the rubber industry
(Mastrangelo et al. 2003; Randem et al. 2004; Burstyn et al. 2003). In these studies increased
levels of IgE, increased risk of eye irritation, chest tightness and chest wheezing and mortality
from chronic bronchitis, emphysema and asthma were found. In the present study, no clear
association between symptoms/immunologic markers and urinary levels of 1-HP was
observed.
There is a problem concerning the exposure to PAHs of large molecular type, as they
often are associated with particles and it is not known that, which effects come from particles
and which come from PAHs. In the present study, the correlation (RS) between personally
sampled respirable particles in air and urinary 1-HP levels was 0.51 in 52 exposed workers
with available data (CH Lindh, personal communication).
There is no threshold limit for 1-HP in the rubber industry. However, Jongeneelen
(2001) has proposed a biological exposure index for coke works and the primary aluminum
industry of 2.3 and 4.9 µmol/mol creatinine, respectively. Two indices are proposed since the
proportion of pyrene, the compound that is metabolized to 1-HP, varies between the
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industries. Pyrene itself has low toxicity; the toxicity of PAH arises from other compounds,
e.g. benzo(a)pyrene but the levels of the metabolites of benzo(a)pyrene are too low to be
accurately monitored. The indices are not based on health effects but on what is considered to
be technically manageable. A health based biological exposure limit would probably be about
ten times lower (Netherlands Health Counsel 1994). Many of the subjects in our study would
be above such a low biological exposure limit. When the Netherlands Health Counsel (1994)
proposed this limit they based it on malignant outcomes. A biological exposure index based
on the outcomes studied in this survey cannot be proposed due to the inconsistence we found
in exposure-response relationships.
We have previously used TTCA as a biomarker of exposure and found some exposureresponse relationships with symptoms (e.g. in the airways) and immunologic markers,
although there might be a healthy worker selection (Jönsson et al. 2007b). It was suggested
that more biomarkers should be used together with TTCA. From this study, 1-HP did not
seem to be valuable for this purpose. However, the lack of clear exposure-response
relationships might be due to a healthy worker selection as the study population was the same
as in the previous work (Jönsson et al. 2007b). Furthermore, due to rather high concentrations
of 1-HP in the exposed workers, 1-HP is a valuable biomarker for determination of risk of
malignant outcomes in rubber workers.
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Table 1 The characteristics of the exposed workers and the controls
Exposed workers

Controls

(n = 163)

(n = 106)

_________________

_________________

38 (19-65)

42 (20-63)

Sex (male/female)

83 / 80

50 / 56

Smoking, n (%) a

51 (31)

39 (37)

Snuffing, n (%) a

30 (18)

21 (20)

Atopy, n (%)

50 (32)

29 (28)

Eastern Asian descent, n (%) b

21 (13)

-

Age, median (range) years

a

Denoted smoker or snuffer if stopped < 6 months ago

b

Based on the names
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Table 2 Levels of 1-hydroxypyren (1-HP, µmol/mol creatinine) in controls and exposed
workers at different companies and different subdivision of the same company
Company

N

Median

Geometric

Range

Mean

10th and 90th
percentiles

________________

____

______

______

____________

____________

Controls

106

0.071

0.042

<LOD – 0.35

<LOD – 0.23

All exposed workers

163

0.14

0.12

<LOD – 1.3

0.023 – 0.44

Company 1

10

0.16

0.15

0.085 – 0.23

0.086 – 0.23

Company 2

16

0.31

0.25

<LOD – 0.84

0.076 – 0.64

Division A

5

0.18

0.22

<LOD – 0.49

0.078 – 0.49

Division B

11

0.33

0.27

0.072 – 0.84

0.079 – 0.78

36

0.14

0.12

0.003 – 1.3

0.014 – 0.46

Division A

29

0.17

0.13

0.003 – 1.3

0.010 – 0.51

Division B

3

0.13

0.095

0.050 – 0.13

0.050 – 0.13

Factory 2

4

0.087

0.072

0.015 – 0.41

0.015 – 0.41

Company 4

21

0.057

0.038

<LOD – 0.29

<LOD – 0.22

Company 5

15

0.28

0.18

<LOD – 0.61

0.018 – 0.58

Company 6

10

0.35

0.27

0.081 – 0.89

0.082 – 0.88

Company 7

11

0.065

0.074

0.015 – 0.36

0.020 – 0.32

Company 8

44

0.13

0.14

0.010 – 0.66

0.037 – 0.41

Factory 1

12

0.10

0.13

0.021 – 0.40

0.031 – 0.39

Factory 2

32

0.13

0.14

0.01 – 0.66

0.034 – 0.42

Company 3

LOD limits of detection
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Table 3 Levels of 1-hydroxypyrene (1-HP) and the distribution of exposure for different vulcanization methods in a group of 157 workers from
the Swedish rubber industry
Vulcanization method

Number (%) of workers in each group
1-HP/mol creatinine

______________________________________

(µmol )geometric mean (range) Low 1-HP

Intermediate 1-HP

High 1-HP

Change (95% CI) a

______________________

__________

__________

__________

0.16 (< LOD – 1.3)

24 (26)

31 (33)

39 (41)

Hot air, microwaves, fluid-bed

0.069 (< LOD – 0.85)

11 (46)

9 (38)

4 (17)

-60 (-76 – -34)

Salt bath

0.087 (< LOD – 0.51)

17 (44)

12 (31)

10 (26)

-47 (-65 – -18)

Compression and injection

________________

LOD limit of detection, CI confidence interval
a

Percentage change in the average urinary 1-HP levels among employees working with different continuous vulcanization (hot air, microwaves,

fluid-bed or salt bath) compared to employees using compression and injection vulcanization. Effect estimates were adjusted for age, sex, atopy
and smoking habits
Cut-off was set at 0.10 and 0.23 µmol/mol creatinine, respectively. Three employees were not possible to classify and three employees working
with steam vulcanization were not included.
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Table 4 Odds ratios (ORs) with 95% confidence intervals (CIs) of symptoms during the past
12 months among exposed workers with different levels of 1-hydroxypyrene (cut-off at 0.10
and 0.23 µmol/mol creatinine, respectively), compared to controls (n=106).
Symptom

1-HP
__________________________________________________
Low

Intermediate

High

(n=54)

(n=55)

(n=54)

OR (95% CI) a

OR (95% CI) a

OR (95% CI) a

_______________

_______________

_______________

Itching, running or burning eyes

3.1 (1.5 – 6.4)

3.8 (1.8 – 7.7)

3.5 (1.7 – 7.3)

Running nose

1.3 (0.59 – 2.7)

1.1 (0.54 – 2.4)

0.99 (0.45 – 2.2)

Nose stuffiness

1.3 (0.64 – 2.7)

0.71 (0.33 – 1.5)

0.81 (0.37 – 1.7)

Sneezing and/or nose itching

1.0 (0.53 – 2.1)

0.96 (0.49 – 1.9)

0.82 (0.41 – 1.7)

1.5 (0.77 – 3.0)

1.6 (0.82 – 3.3)

1.2 (0.59 – 2.4)

Nosebleeds

3.9 (1.3 – 11)

4.2 (1.5 – 12)

2.0 (0.60 – 6.8)

Throat burning and dryness

4.4 (2.0 – 9.6)

3.9 (1.8 – 8.4)

1.4 (0.62 – 3.4)

Hoarseness

2.8 (1.1 – 7.1)

2.3 (0.93 – 5.9)

1.8 (0.68 – 4.8)

chest tightness

1.5 (0.65 – 3.3)

1.1 (0.48 – 2.4)

1.3 (0.57 – 2.8)

Severe dry cough

3.3 (1.3 – 8.3)

3.6 (1.5 – 9.0)

6.9 (2.9 – 17)

Nausea

3.7 (1.1 – 13)

4.9 (1.6 – 16)

4.4 (1.4 – 14)

Headache

3.9 (1.9 – 8.2)

2.8 (1.3 – 5.7)

1.9 (0.93 – 4.0)

One or more of nasal
symptoms mentioned above

Dyspnea, wheezing and/or

a

Effect estimates are adjusted for age, sex and smoking habits.
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Table 5 Percentage change in the average value of the immunologic markers in each
examined group (exposed workers with different levels of 1-hydroxypyrene [cut-off at 0.10
and 0.23 µmol/mol creatinine, respectively]) compared to the controls (n=103).
Marker

1-HP
___________________________________________________________
Low

Intermediate

High

(n=53)

(n=52)

(n=54)

Change (95% CI) a

Change (95% CI) a

Change (95% CI) a

___________________ ___________________ ___________________
Leukocytes

3.6 (-4.8 – 13)

-0.30 (-8.3 – 8.4)

8.5 (-0.20 – 18)

Neutrophils

4.7 (-6.3 – 17)

-1.7 (-12 – 9.7)

12 (0.30 – 25)

Eosinophils

-1.4 (-18 – 18)

16 (-3.1 – 38)

13 (-5.0 – 35)

-0.20 (-5.3 – 5.1)

0.70 (-4.3 – 6.1)

4.4 (-0.90 – 10)

-3.9 (-14 – 7.0)

4.7 (-6.0 – 17)

3.4 (-7.2 – 15)

IgG

14 (6.1 – 22)

11 (3.8 – 19)

8.9 (1.5 – 17)

IgA

-5.7 (-18 – 8.3)

1.3 (-12 – 16)

-8.6 (-20 – 5.0)

IgM

3.3 (-10 – 19)

13 (-2.1 – 30)

2.1 (-11 – 18)

IgE

45 (-7.6 – 130)

44 (-8.1 – 120)

13 (-28 – 77)

α1-antitrypsin
C-reactive Protein

CI confidence interval
a

Adjusted for age, sex and smoking habits.
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