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Summary for general public audience 

Welding is the process of joining two metal pieces together. It has been known for a long time that 
exposure to welding fumes is hazardous to the health of workers. In addition, exposure increase when 
welders need to work in poorly ventilated areas or in confined spaces. The Occupational Health and 
Safety Code from the Government of Alberta sets Occupational Exposure Limits for workers. In the case 
of welders, the limits that occupational hygienists use relate to the levels of particulates and metals in 
air samples. Normal monitoring is performed by collecting particles on a filter from the breathing zone 
of the welder. However, this type of monitoring does not necessarily correlate to the dose received by 
the welder, particularly when the worker uses a respirator. Biomonitoring is an alternative to air 
sampling that may provide better information about the dose received by the workers. 

In our study we determine if exposure to welding fumes will result in changes in metals and metabolites 
found in urine samples from welders. The choice of urinary metals as a biomarker of exposure has been 
done because welders are exposed to large amount of metals, particularly iron and manganese. The 
metabolites have been chosen since a previous study showed differences in urinary metabolites 
between welders and controls. In addition, urinary metabolites can be used to determine if exposure to 
welding fumes promotes early metabolic changes and be used as biomarkers of early health effects. 

Collection of urine samples was carried out from professional welders who had been exposed to welding 
fumes for more than three years in various workplaces in Edmonton, AB. The collection of samples from 
the companies was done with the assistance of health and safety representatives, occupational 
hygienists, unions (boilermakers and pipefitters) and managers in the industry. In addition, air samples 
were collected the previous day from the breathing zones of welders to determine the total particles 
and metal content. 

The goal for professional welders was to collect three samples per year from 20 welders. However, 
mainly for economic reasons, it was very difficult to recruit subjects that would have work long enough 
to give 3 samples. The project was modified to recruit 40 welders (20 smoking and 20 non-smoking) and 
40 controls, and sample them only once during the year. Unfortunately, only 19 air and urine samples 
were collected from welders by the end of the project (16 non-smokers and 3 smokers). Filter samples 
were weighed to determine the level of exposure to particulates. 

The report also collates results from last year project on smoking welder apprentices as results were not 
available at the time the report was written. Results show that, as for non-smokers, exposure to welding 
fumes increases as apprentice skills are improving during their training. 

Results also show difference in some metal contents, such as manganese, chromium, zinc, and 
antimony, between welders and controls with higher concentrations found in welders. However, no 
difference was found for metabolites between welders and controls. 
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Introduction 

Welding is the process of joining pieces of metal together by causing coalescence. This process results in 
the release of metal fumes and toxic gases [1]. It is well established that occupational exposure to 
welding fumes has adverse pulmonary health effects. The most common acute health effect historically 
reported in welders is metal fume fever, which presents with flu-like symptoms [2]. 

Recent studies on the size distribution of particles in welding fumes have shown that particles produced 
during the welding processes are in the fine to ultrafine range (< 5 µm) and are therefore likely to 
deposit in the small airways of the lungs and alveolar spaces [3-6]. Toxicology studies have 
demonstrated that metal oxide particles persist for many years in the lungs of welders [7, 8].  

It has been demonstrated that a decreased pulmonary lung function caused by occupational exposure to 
welding fumes is associated with an increased risk of chronic obstructive pulmonary disease (COPD) as 
well as occupational asthma [9, 10] and pneumonia [11]. Long-term exposure to high concentrations of 
welding fumes is associated with an increased incidence of lung cancer and interstitial pulmonary 
fibrosis, which are associated with a higher incidence of premature death [12]. Finally, continued 
exposure to welding fumes, particularly in poorly ventilated areas, contributes to poor quality of life and 
shortened life expectancy [13]. 

Our project was to collect air and urine samples in two groups, welders and controls, with controls being 
in another trade and not exposed to welding fumes. Particle and metal concentrations were measured 
in air samples while metals and metabolites were analyzed in fasting urine samples. The objectives of 
the project were to 1) evaluate exposure to welding fumes in welding facilities, and 2) evaluate metals 
and metabolites in urine as biomarker of exposure to welding fumes. In addition, we hypothesized that 
early metabolic changes may occur in welders and that urinary metabolites may be used as biomarkers 
of early health effects in healthy welders. 

The first year of the project (2015-2016) was dedicated to non-smoking welder and instrumentation 
apprentices and results were presented in last year’s report. The second year of the project (2016-2017) 
we sampled smoking welder and power line technician apprentices. Sampling was completed only in 
March 2017, samples were sent for analysis in Spring 2017 and results obtained only in Summer 2017, 
after sending the report. Results for smokers are therefore presented in this report. For the third year of 
the project we sampled professional welders in various workplaces. Unfortunately, sampling was not 
completed, and this report gives only information on subjects as well as gravimetry data for air samples. 

Methodology 

Recruitment of subjects 

Due to economical problems in the province, many welding companies were struggling finding contracts 
and had to lay down their welders. This situation made the recruitment of professional welders very 
slow as many companies did not have long term contracts allowing us to collect three samples per 
welder. In addition, a piece of sampling equipment broke, and sampling had to be performed again as 



Metabolomics of welding fume exposure 

2 

Classification: Public 

most air samples were considered not reliable. To allow for collection of samples, sampling design was 
modified to collect only one air and one urine sample per welder for 20 smoking and 20 non-smoking 
individuals. Unfortunately, the project was stopped before completion and only 19 air and 
corresponding urine samples were collected in three workplaces and two union training facilities. 

Sampling and analysis 

Sampling, sample preparation, sample analysis, and data analysis was performed as described in last 
year’s report. 

In the case of metals, detection limits for filter samples were calculated by using three times the 
standard deviation of all field blanks [14]. Detection limits for urine samples were calculated using the 
United States Environmental Protection Agency method [15]. Briefly, a low-level urine sample was 
analyzed in 22 replicates and the t (n-1, α = 0.99) and standard deviation (σ) were calculated. The limit 
of detection was calculated as t (n-1, α = 0.99) x σ. Field blanks for both urine and filters were below the 
detection limits for all metals, therefore they were not subtracted from samples. Non-detected values 
were not replaced for filters while they were replaced by LOD/√2 for urine samples o allow for statistical 
analysis [16]. 

Silver, bismuth, gallium and lead was not detected in urine while selenium was not detected in filters. 
Aluminum showed a lot of variation on the blanks for both filters and urine, therefore is not included in 
the results. Cobalt also presented some elevated values in field blanks for urine and is not included in 
results. 

Results and Discussion – Smoking apprentices 

NMR quantification of metabolite concentrations in urine samples using MC computational methods 

Fitting of 1H-NMR spectra was performed using the Monte Carlo method as described in last year’s 
report. In the case of smokers, 22 replicates of the quality control samples were analyzed and fitted, and 
the mean and standard deviation were calculated for each metabolite. As previously, only metabolites 
showing an RSD below 20% were considered as valid. Using this criterion, only 78 metabolites “passed” 
for the smoking group. When comparing with results obtained for non-smokers, only 51 metabolites 
passed for both smokers and non-smokers. The list of “passed” metabolites for both smokers and non-
smokers is shown in Table 1. 

Air samples 

Particle and metal concentrations for smokers are presented Table 2. Results show that concentrations 
for welders were more elevated than concentrations for controls. Although we did not calculate a TWA, 
since most samples were collected for a total of 180 minutes, we can estimate that all samples were 
below the Alberta 8-hour Occupational Exposure for metals. However, some samples were above the 8-
hour OEL for respirable particles (3 mg/m3) since the maximum concentration was 10 mg/m3 (3.75 
mg/m3 when corrected to 8-hour wok shift). As observed previously, the LEV system used at NAIT may 
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not be properly used by students or not efficient enough to remove welding particles. It is suggested to 
train student in using the LEV and to verify it is functioning properly. 

In addition, air concentrations increased from day 0 to day 50 (see Supplementary Data file), as for the 
non-smokers, suggesting that apprentice welders are more exposed as they become more skilled. 

Urinary metal concentrations for non-smokers 

Results for urinary metals normalized to creatinine are presented in Table 3.  Chromium, manganese, 
and antimony were slightly more elevated in welders than in controls however it was significant only for 
antimony (see Supplementary Data file). Both Cr and Mn were slightly elevated for all sampling days (0, 
1, 7 and 50). All welders had been previously exposed to welding fumes, which explains why Cr and Mn 
were already elevated on day 0. However, antimony levels were significantly different in welders at day 
50 as compared to the other days and also significantly different between controls and welders at day 
50 (see Supplementary Data file). Our results are consistent with previous studies and shows that these 
metals accumulate in welders even after a short period of exposure [17-19]. 

Metabolomics analysis of urine samples from non-smoking welder apprentices 

PCA analysis did not show any differences between welders and controls at day 50 (Figure 1). If groups 
were significantly different, then the PCA plot would have shown controls and welders in separate 
clusters. It is quite possible we did not have enough samples to see any different or that only 50 days of 
training were insufficient to see any difference. 

Results and Discussion – Professional welders 

Information on subjects 

A summary of information on subjects is presented in Table 4. Subjects were generally older than 
apprentices, but other parameters, such as BMI or health issues, were similar. The average number of 
years of experience was 15 years. All subjects were using a form of control, 53% used LEV, while 47% 
used respirators. All respirators were fit tested. 

Mass concentration of particles 

Results are presented in Table 5. Contrarily to apprentices, professional welders were sampled for a full 
day shift and sampling time was between 5 and 8 hours, except for one subject for which welding lasted 
just over 3 hours. The highest concentrations were found in facilities using either general or dilution 
ventilation. The highest concentration (18 mg/m3) was found for a worker mainly grinding, which is 
consistent with a previous study in a steel construction facility [20]. 

Conclusions 

Our results confirm that there is an increase in particles and metals exposure in apprentices as welders 
become more skilled during their training. In addition, chromium, manganese, and antimony show 
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slightly elevated levels in the urine of apprentice welders as compared to controls. We did not observe 
any difference in metabolites between apprentice controls and welders as previously reported. 

There were limitations to the study: 1) it is possible we did not have enough samples to see real 
patterns; 2) 50 days of exposure may not have been sufficient to see significant changes; and 3) more 
than 90% of apprentice welders had been exposed to welding fumes before; 4) urine is a waste product 
influence by diet and may not be the best body fluid to use for exposure assessment. We plan to test 
exhaled breath condensates in future projects. 

The group of professional welders was slightly older than the apprentices, but other parameters were 
found to be similar. All professional welders sampled were using some control, either LEV or respirator. 
As for NAIT, even when using LEV, mass concentration of particles still elevated showing that LEV may 
not be the most efficient method to remove welding fume particles. It is also possible that LEV are not 
properly used by welders and that training might be a good option to reduce exposure. However, many 
welders are reluctant to locate the capturing hood close to the weld when they use gas shielding since 
they are concerned the ventilation system may also remove the protecting gases. 

Our OHS Futures-supported work has resulted in the publication of one scientific paper [21]. In addition, 
Meghan Dueck submitted successfully her Master’s thesis and it has been published [22]. A presentation 
was made on metals in urine samples of apprentice welders at the Inhaled Particle XII conference held in 
Glasgow in September 2017 [23]. All results for smoking and non-smoking apprentices were presented 
at the American Industrial Hygiene Association, local section, in March 2018. 
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Table 1. List of metabolites passed (achieved <20% RSD with QC sample) using Monte Carlo 
computational methods in smokers and non-smokers. Metabolites with “u” indicate unknown entities. 

“Passed” both smokers and non-smokers “Passed” both smokers and non-smokers 
1 1-Methylnicotinamide 27 Lactate 
2 2-Aminoadipate 28 Malonate 
3 2-Hydroxyisobutyrate 29 Methylguanidine 
4 3-Aminoisobutyrate 30 N-Acetylglutamine
5 3-Hydroxy-3-methylglutarate 31 N-AcetylglutamineDerivative
6 3-Hydroxybutyrate 32 N-Acetylornithine
7 3-Hydroxyisobutyrate 33 N-Methylhydantoin
8 3-Hydroxyisovalerate 34 N,N-Dimethylglycine 
9 3-Indoxylsulfate 35 Proline 
10 4-Hydroxybenzoate 36 Pyroglutamate 
11 5-Aminolevulinate 37 Sarcosine 
12 Adipate 38 Threonine 
13 Alanine 39 Trigonelline 
14 Asparagine 40 Trimethylamine 
15 Azelate 41 Trimethylamine N-oxide 
16 Butanone 42 u075 
17 Chlorogenate 43 u11 
18 cis-Aconitate 44 u122 
19 Citrate 45 u122triplet 
20 Dimethylamine 46 u144 
21 Ethanolamine 47 u217 
22 Formate 48 u233 
23 Fumarate 49 uarm2 
24 Glutamine 50 Valine 
25 Glycine 51 β-Alanine 
26 Hippurate 
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Table 2. Particle and metal concentrations in smoking controls and welders. 

Controls Welders 
Range GM (95% CI) Range GM (95% CI) 

Part (mg/m3) ND-0.09 0.046 (0.041-0.052) ND-10 0.74 (0.51-1.08) 
Ag (µg/m3) ND-0.013 0.008 (0.007-0.010) ND-0.083 0.021 (0.014-0.030) 
As (µg/m3) ND ND ND-1.9 0.28 (0.21-0.36) 
Bi (µg/m3) ND ND ND-0.17 0.0038 (0.0026-0.0057) 
Cd (µg/m3) ND-0.004 0.0034 (0.0032-0.0037) ND-0.26 0.018 (0.005-0.060) 
Co (µg/m3) ND ND ND-0.39 0.087 (0.069-0.11) 
Cr (µg/m3) ND-2.3 1.3 (1.25-1.37) ND-5.6 2.5 (2.2-2.8) 
Cu (µg/m3) ND-0.063 0.063† ND-37 4.2 (2.6-6.6) 
Fe (mg/m3) ND-0.004 0.004† ND-2.8 0.16 (0.085-0.29) 
Ga (µg/m3) ND-0.003 0.0023 (0.0022-0.0024) ND-0.74 0.028 (0.017-0.045) 
Mn (µg/m3) ND ND ND-365 30 (19-47) 
Mo (µg/m3) ND-0.002 0.002† ND-1.2 0.083 (0.051-0.14) 
Ni (µg/m3) ND-0.16 0.16† ND-6.7 0.68 (0.45-1.0) 
Pb (µg/m3) ND-0.005 0.005† ND-3.0 0.18 (0.12-0.29) 
Sb (µg/m3) ND-0.032 0.016 (0.011-0.023) ND-11 0.15 (0.080-0.29) 
Tl (µg/m3) ND ND ND ND 
V (µg/m3) ND-0.002 0.002† ND-0.55 0.023 (0.015-0.035) 
Zn (µg/m3) ND ND ND-28 3.2 (2.3-4.3) 
†Only one value was detected 
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Table 3. Urinary metal concentrations for smoking welders and controls in µg/g creatinine. 

Controls Welders 
Range GM (95% CI) Range GM (95% CI) 

As 0.89-50 4.6 (3.8-5.5) 1.3-31 4.3 (3.7-5.1) 
Cd 0.060-0.55 0.16 (0.14-0.18) 0.040-0.75 0.14 (0.12-0.16) 
Cr 0.040-1.8 0.16 (0.13-0.19) 0.050-1.4 0.22 (0.19-0.26) 
Cu 2.6-27 6.5 (5.9-7.0) 3.9-447 7.4 (6.3-8.7) 
Fe 2.8-25 7.9-8.8 2.3-165 8.5 (7.4-9.8) 
Mn 0.010-0.78 0.058 (0.048-0.070) 0.020-8.1 0.10 (0.079-0.13) 
Mo 1.7-108 27 (23-31) 4.0-218 23 (20-27) 
Ni 0.17-8.1 1.0 (0.84-1.2) 0.35-110 1.4 (1.1-1.6) 
Sb 0.014-0.19 0.036 (0.032-0.041) 0.011-0.30 0.054 (0.047-0.062) 
Se 17-71 33 (31-36) 18-67 34 (32-37) 
Tl 0.050-0.73 0.17 (0.15-0.19) 0.060-0.60 0.16 (0.14-0.18) 
V 0.021-0.62 0.090 (0.078-0.10) 0.024-0.39 0.089 (0.077-0.10) 
Zn 81-634 275 (246-308) 26-1112 354 (319-392) 
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Table 4. Information on professional welders 

Professional welders 
Number of subjects 19 
Age 39.2 ± 13.6 
Ethnicity - European descent 89% 
BMI 27.4 ± 3.1 
Smokers 3 
Cigarettes/day† 6.3 ± 1.2 
Alcohol consumption 84% 
Drug use 32% 
High blood pressure 11% 
Heart problems 
Kidney problems 
Liver problems 
Asthma 5% 
Prescription drugs 32% 
Over the counter medicine 5% 
Vitamins and supplements 32% 
Experience as a welder (years) 15 ± 13 
Local Exhaust Ventilation 53% 
Wearing a respirator 47% 
Respirator fit tested 47% 
†For smokers only 
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Table 5. Mass concentration of particles for professional welders 

Range GM (95% CI) 
Particles (mg/m3) 0.47-18 2.8 (1.6-5.0) 
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Figure 1. PCA of urinary metabolite concentrations (log[mmole/mole creatinine x 103]) shows no 
variation between controls and welders on day 50. 


