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Abstract

Background: Welders exposure to nickel and hexavalent chromium in welding fumes is associated with increase of
cancer risk in welders. In this study we calculated cancer risk due to exposure to these compounds in welders.
Methods: The role of exposure parameters in welders on derived incremental lifetime cancer risk were determined by
stochastic modeling of cancer risk. Input parameters were determined by field investigation in Iranian welders in 2013
and literature review.

Results: The 90% upper band cancer risk due to hexavalent chromium and nickel exposure was in the range of
6.03E-03 to 2.12E-02 and 7.18E-03 to 2.61E-02 respectively. Scenario analysis showed that asthmatic and project
welders are significantly at higher cancer risk in compatison with other welders (P<0.05). Shift duration was responsi-
ble for 37% and 33% of variances for hexavalent chromium and nickel respectively.

Conclusions: Welders are at high and unacceptable risk of cancer. Control measures according to scenario analysis

tindings are advisable.
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Introduction

About 0.2 to 2% of workforces in the industrial-
ized countries perform welding regularly or as a
part of their jobs. In 2011, about 316000 engaged
in welding, soldering, cutting and brazing in the
US (1). Welders are the specific group of workers
because of their unique exposure pattern and oc-
cupational hazards that they are encountered with;
including welding fumes. Inhalation exposure to
welding fumes could lead to various undesirable
effects ranged from simple pneumoconiosis to
cancers (2). Occupational exposure to welding
fumes is associated with coronary diseases, immu-
notoxicological effects and respiratory effects (3-
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5). Lung cancer due to inhalation exposure to
hexavalent chromium (Cr(VI)) and nickel (Ni) in
welding fumes have been reported in several stud-
ies (6).Risks of health effects depend on the wide
range of parameters including welding type, com-
position of electrodes and base metals, duration of
exposure and personal characteristics (7). Cancer
risk assessment in welders can lead to better un-
derstanding of influential parameters on risk of
cancer. It is a useful tool in health systems policy
making. Epidemiological studies are the golden
standard for this purpose. However, due to some
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limitations, the use of proposed quantitative mod-
els, in most situations is desirable.

In the simplest form, inhalation cancer risk assess-
ment depends on personal characteristics, expo-
sure intensity and duration, and cancer slope fac-
tor. United States Environmental Protection
Agency (US EPA) proposed a deterministic ap-
proach for calculation of cancer risk due to inhala-
tion exposure with carcinogens (8). Quantification
of risk by deterministic models can be conduct by
worst case or mean values scenarios. Application
of this equation in deterministic mode seems to be
non- realistic. Application of these approaches in
the worst case scenarios also leads to unrealistic
risk estimation (9). Furthermore; deterministic
models cannot consider the role of parameters
variability (10). Stochastic modeling is a desirable
tool for considering parameters variability in
health risk assessments. There are some successful
examples of application of this approach for oc-

cupational and environmental risk assessment (11).

Monte Carlo simulation probably is the most ap-
plied stochastic method for quantifying the role of
variability (12).

The aims of this study was 1) to calculate the can-
cer risk due to occupational exposure to Ni and
Cr(VI) in welders; 2) to determine the role of
model input parameters variability's in risk estima-
tion; 3) to analyze the sensitivity of model output
different parameters on cancer risk; 4) to assess
the role of workers’ characteristics and employ-
ment status on cancer and finally 5) to compare
welders cancer risk to acceptable level.

Material and Methods

Study design and subjects

In an analytical study in 2013, 30 Iranian welders
in an oil and gas industry randomly selected and
were asked to complete questionnaire about daily
work hours, work experience and daily tasks de-
scriptions.All  participants were informed about
the aim of study and involved voluntarily in the
study. Work load of welders was estimated ac-
cording to method developed by Burford et al.
(13). Welder specific parameters (daily work hour)
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and exposure intensity were determined from field
survey and literatures and used for determination
of cancer risk. Cancer risk was calculated for ex-
posure to Ni and Cr (VI) in healthy and asthmatic
welders. All of these calculations were repeated
for two type of welder according to their em-
ployment status, leading to totally 4 scenarios for
each hazardous element.

Cancer risk calculation

Deterministic Incremental Lifetime Cancer Risk
(ILCR) due to inhalation was calculated according
to the model proposed by the US EPA (Equation
I) (8).

ILCR = Exposure (pg/kg/d) X Cancer Slope Fac-
tor (ug/kg/day)” equation [I]

In this equation, exposure is the product of seven
factors pertained to exposure intensity, exposure
duration and exposed subject characteristics.
Therefore, it can be rewritten as an equation 1I:
ILCR = [(C X BR X DS x EF X ED)/(BW X AT
X 365)] X (SF) equation [II]

Where; C is exposure intensity (mg.m?), BR is
breathing rate (m’.hr™), DS is daily exposure dura-
tion (hr), EF is weakly exposure period (day), ED
is exposure duration in work life (years). BW is
body weight (kg), AT (time to cancer; usually de-
scribed as life expectancy) and SF is cancer slope
factor (mg/ kg—d)fl. Data on DS was gathered
from 30 welders in an oil refinery in Iran.

Input parameters distribution selection

ET was determined according to previous studies
(14, 15). It can be varied from 1 to more than 40
years. Li et al. reported some cases with 36 years
of working history as a welder (14). However in
some other studies, there are cases with 40 years
of experience in welding (15). Based on the availa-
ble data on literatures, a triangle distribution was
determined for this parameter (Table 1).

Exposure intensity in welding operations is quietly
different based on welding processes, welding pa-
rameters, environmental parameters and even
welder experience. Recently Golbabaei et al. thot-
oughly examined the exposure intensity in the
group of stainless steel welders in an oil and gas
pipeline project who exposed to hazardous fumes
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(16).We used Golbabaei data to infer exposure
intensity (Table 1). Breathing rate was also se-
lected for healthy and asthmatic subjects accord-
ing to EPA exposure factors handbook (17).

The distribution factors were defined according to
anthropometric study conducted by Shahnawas et
al. on Iranian industrial workers (18). AT was con-

sidered according to Iranian population life expec-
tancy. According to Khosravi et al. life expectancy
of Iranian males is 66.8 years (19). Exposure fre-
quency was calculated based on Iranian calendar
and holidays. Body weight was considered with
normal distribution.

Table 1: Input parameters distributions and distribution definition parameters

Input parameter Distribution type Distribution parameters  Reference
Body weight (kg) Lognormal (mean, std) (78.1,13.5) p5+55, p95=96) (18)
Breathing rate (m3.hr1)
Healthy Triangular (min, likeliest, max) (0.72, 0.78, 3.06) (13)
Asthmatic Triangular (min, likeliest, max) (1.02, 1.68, 2.46) (13)
Exposure intensity (mg.m-3)
Cr (V] Lognormal (mean, std) (0.00501, 0.00276) (16)
Ni Lognormal (mean, std) (0.233, 0.128) (16)
Daily exposure duration (hr)
Maintenance welder Lognormal (mean, std) (3,1) Field study
Project welder Lognormal (mean, std) (10.13, 1.49) Field study
Yearly exposure period (day) Triangular (min, most probable,max) (240, 250, 260)
Exposure duration (year) Triangular (min, most (1, 30,40) (14, 15)
probable ,max)

Time to cancer(year) Normal(mean, std) (56,7, 0.33) (19)
Cancer slope factor (mg/kg-d)~! (24, 25)
Cr (V] Triangular (min, likeliest, max) (34,41,310)
Ni Triangular (min, likeliest, max) (0.84,1.2,5.5)

Statistics pany and only perform unscheduled and emer-

Stochastic risk modeling was performed by Crystal
Ball 11.1.1.1.00 (Oracle, Redwood Shores, CA,
USA) in Excel® environment. Input distributions
were fitted according to data from the field and
literatures. Distributions were fitted by Easy fit
software (Mathwave Tech.).SPSS software package
version 16 (SPSS, Inc., Chicago, IL), was used for
statistical tests. One way analysis of variance
(ANOVA) test was performed to investigate dif-
ference in ILCR in different scenarios.

Results

According to their work hours (DS), two distinct
types of welders were found (Fig.1). Maintenance
welders are those with long time contract with
company and lower exposure duration in day or
week. They are in standby position in the com-
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gency maintenances.

p<0.01

Shift duration(hr)

T T
Maintenance Welder Construction Welder

Fig. 1: Statisticalrepresentation of daily shift duration
(h) in two groups of welders
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Table 2: Estimated ILCR under different exposure scenarios for Cr (VI) and Ni

Element Scenario ILCR
10% mean 90%
Cr(VI) Cr Asthma Maintenance 9.73E-04 3.39E-03 6.55E-03
Cr Asthma Project 3.77E-03 1.14E-02 2.12E-02
Cr Healthy Maintenance 7.34E-04 3.03E-03 6.03E-03
Cr Healthy Project 3.09E-03 1.04E-02 2.02E-02
Ni Ni Asthma Maintenance 1.27E-03 4.32E-03 8.29E-03
Ni Asthma Project 4.30E-03 1.39E-02 2.61E-02
Ni Healthy Maintenance 9.30E-04 3.61E-03 7.18E-03
Ni Healthy Project 3.14E-03 1.20E-02 2.41E-02

Table 3: Contribution to variance for different input parameters under different exposure scenarios

Scenario Assumption Contribution to Variance
Ce(VI) Ni
Healthy, Project AT 0.2 0.3
BR 24.8 24.8
BW 2.8 3.1
C 40.6 38.7
DS 3.6 3
ED 26.6 28.5
EF 0 0.6
SF 1.4 1.1
Healthy, Maintenance AT 0.6 0.1
BR 20.2 18.8
BW 2.1 2.4
C 39.8 40
DS 14 9
ED 233 28.9
EF 0 0.5
SF 0.1 0.3
Asthmatic, Project AT 0 0
BR 8.1 5.7
BW 4.3 4
C 46.5 47.6
DS 4.9 1.3
ED 35.6 39.6
EF 0.1 0.5
SF 0.5 1.3
Asthmatic, Maintenance AT 0 0.1
BR 9.6 5.1
BW 2.5 4.2
C 41.5 43
DS 14.2 11.6
ED 31.8 33.9
EF 0.1 0.3
SF 0.1 1.8
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Construction welders are those with short time
contract (e.g. in the specific projects), and have
higher exposure duration in comparison with
maintenance welders (P<0.01). The latter category
is predominant in oil and gas projects. According
to our field survey, lognormal distribution was
selected for DS but there is no consensus data
about it (Table 1).

The cumulative distribution function of ILCR due
to Cr(VI) and Ni was calculated according to EPA
procedure for different exposure scenarios. Four
different scenarios including healthy construction
welder, healthy maintenance welder, asthmatic
construction welder and asthmatic maintenance
welder were considered. Table 2 shows the cancer
risk statistics under different scenarios for Cr(VI)
and Ni. The 90% upper band cancer risk due to
Cr(VI) exposure in stainless steel welding was in
the range of 6.03E-03 to 2.12E-02. This value for
Ni exposure was in the range of 7.18E-03 to
2.61E-02. Mean ILCR for Cr(VI) and Ni was in
the range of 3.03E-03 to 1.14E-02 and 3.61E-03
to 4.32E-03, respectively. ~ANOVA analysis
showed significant difference between ILCR for
Cr(VI) and Ni in different scenarios (P<0.05).

A quantitative sensitivity analysis was performed
to explore the role of each parameter in the model
output.

Tornado plots (Fig.2) show the spearman rank
order correlation coefficients for sensitivity analy-
sis. In all scenarios exposure intensity (C) and ex-
posure duration (ED) are the most influential pa-
rameters on output variance. Breathing rate and
DS are also among the most influential parameters
on output variance (Table 3 and 4).

Table 4: Cumulative rank correlation and contribution
to variance for input parameters

Assumption Contribution Rank
to Variance  Correlation
ED 0.368 0.580
BR 0.250 0.482
C 0.242 0.474
DS 0.107 0.315
BW 0.026 -0.155
Other 0.007 -
670

However breathing rate was the third most influ-
ential parameter in all cases except for asthmatic
maintenance welders. In asthmatic maintenance
welders for both elements, duration of shift (DS)
was also the third most influential parameter (re-
sponsible for 37 and 33% of variances for Cr(VI)
and Ni respectively).

Discussion

The purpose of the current study was to quantify
the role of various exposure scenarios in ILCR in
welders. This study showed that welders can be
grouped into different levels of cancer risk accord-
ing to their employment and health statuses. As
described in method section, breathing rate has a
wide range of variability. According to US EPA,
asthmatic people have higher breathing rate in
comparison with healthy adults. Scenario analysis
was performed to examine the role of worker
asthma on cancer risk due to Ni exposure. Ac-
cording to EPA, ILCR less than 10° can be as-
sumed as low risk region, 10° to 10* is moderate
risk; and values abovel(“areregarded as high risk
region. For ILCR greater than 10 different con-
trol options should be considered in general risk
management actions. As our results show ILCR in
all scenarios were higher than 10“. Therefore
welders, even in the case of maintenance, are at
unacceptable risk of cancer.

In this study we used a conservative range of
slope factor for both elements. For example,
Health Canada reported 320 as a slope factor for
hexavalent chromium it is 5.1 for Ni (20). Even in
the case of using conservative slope factor, the
calculated risk was more than the cut point pro-
posed by EPA.

Sjogren et al. found significant increase in risk of
lung cancer due to welding fume exposures espe-
cially hexavalent chromium and Ni in welder (21).
Our results showed that asthmatic welders are sig-
nificantly at higher risk in comparison with
healthy welders.

This point, as an important factor, can be consid-
ered in pre-employment screening tests. Asthmat-
ic patients had higher ventilation rate and breath-
ing rate in comparison with normal subjects (22).
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Fig. 2: Results of Sensitivity analysis under different exposure scenarios

Therefore it is feasible to consider higher expo-
sure with pollutants for this group of workers. A
meta-analysis by Santillan et al. also showed that
asthmatic persons are at higher risk of cancer in
comparison with non asthmatic persons (23).
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Conclusion

Welders can be considered as a high risk group for
cancer. Secondly the employment status has con-
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siderable affect on ILCR wvalues in same condi-
tions. Third, the daily work hour is the most influ-
ential parameter in cancer risk of welders. Our
comparisons also showed that there is significant
difference in cancer risk between asthmatic and
healthy welders. Further studies need to be done
to investigate the role of welding operation pa-
rameters, and other exposure modifying factors
on cancer risk in welders.
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