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Abstract

Objectives: Welding is a physically demanding job that entails exposure to metal fume and particles.
There is little information on the effect of welding exposures on the outcome of a pregnancy con-
ceived during a period when a woman was employed as a welder.

Methods: Women welders recruited to the Workers Health in Apprenticeship Trades—Metal and
Electrical (WHAT-ME) study were followed-up every 6 months for up to 5 years (January 2011-August
2018), and every pregnancy recorded. At the first 6-month follow-up, a detailed questionnaire was
completed for the most recent day in welding, and this information was collected again at each
follow-up and also from questionnaires completed during pregnancy. The date of conception was
estimated for each pregnancy and the job at that date identified. Exposures to ergonomic factors,
work schedule and perceptions of noise, heat and cold were extracted for the job at conception.
Exposures to metals (aluminum, chromium, manganese, and nickel) and particles in welding fume
were estimated from previously validated exposure algorithms reflecting the welding process, base
metal and consumables of the job at the conception date. The effects of exposures were estimated in
multilevel multivariable models allowing for confounding.

Results: There were 242 pregnancies conceived by a welder working in her trade, 87 were before the
first follow-up, 3 were after first follow-up but detailed information was not collected, 22 of those
potentially included in the assessment group were in-trade but not welding leaving 122 pregnancies
in 90 welders for analysis. Of these 91 resulted in a live birth and 31 in a fetal loss (27 miscarriages
and 4 stillbirths). Mean birth weight for live births was 3365 g and gestation 39.4 weeks. Final models
showed that risk of fetal loss increased with manipulating heavy objects [odds ratio (OR) =5.13, 95%
confidence interval (Cl) 2.04-12.92], whole-body vibration (OR = 5.86, 95% CI 1.81-18.92), a higher
rating for noise exposure intensity (OR = 1.52, 95% CI 1.24-1.85), and decreased with use of local
exhaust ventilation (OR = 0.20, 95% CI 0.03-1.18). Gestation decreased with perceived heat inten-
sity (8 =-0.15, 95% Cl -0.29 to —0.02) and number of previous pregnancies (8 = -0.35, 95% Cl -0.65
to —0.05). Birth weight was lower in those reporting whole-body vibration (8 = -596 g, 95% CI -924
to —267) and increased with the welder’s body mass index (8 = 36 g, 95% Cl 12-61). Estimates of
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What's important about this paper

Women, and the fetus if they become pregnant, may face poorly documented hazards as they move into
work traditionally carried out by men. Welding tasks entail heavy physical and ergonomic demands, together
with exposure to metals and particles in welding fume. There have been few studies of such working condi-
tions on the fetus. This study shows that exposures in welding may result in fetal loss and shorter gestation,
with manipulating heavy loads, whole-body vibration, and perceived intensity of noise and heat exposure
being more important than welding fume in determining pregnancy outcome. Ergonomic interventions to
reduce workplace hazards would improve conditions for pregnant welders.

exposure to metals and particles were unrelated to gestation or birth weight. In a bivariate analysis,
allowing for the same welder reporting >1 pregnancy, estimated airborne aluminum exposure (and
to a lesser degree exposure to nickel and particles) was related to greater risk of fetal loss (OR = 1.52,
95% Cl 1.04-2.24) but neither aluminum nor the other estimated elements of welding fume added to

the final model.

Conclusions: In this group of women actively engaged in welding during the time surrounding con-
ception, the outcome of pregnancy was strongly related to work exposures, particularly vibration (re-
ported in grinding tasks), manipulation of heavy objects, and perceived intensity of noise and heat.
The study was unable to show an independent effect of exposure to metal fume constituents.

Keywords: ergonomic exposures; metal fume; pregnancy; welding; WHAT-ME

Introduction

The WHAT-ME study (Women’s Health in
Apprenticeship Trades—Metal and Electrical) was set
up to examine the effects of working as a welder on the
outcome of pregnancy (Cherry et al., 2018). The pos-
sible risk of welding in pregnancy was identified as a
priority by the Canadian Standards Association (CSA)
Technical Committee on safety in welding (W117.2)
and later supported by analysis of data from Finland,
in which 68 women who reported, postdelivery, that
she had been exposed to welding fume or metal dust/
fumes had a greater than expected risk of delivering a
low birth weight infant (Quansah and Jaakkola, 2009).
More recent work from Sweden was consistent with
the suggestion of a risk of low birth weight and also of
prematurity (Norlén ez al., 2019). The risk of fetal loss
(miscarriage or stillbirth) was reported for women in
Montreal, Canada (McDonald et al., 1988a). Multiple
hazards to the fetus may be in play. Work in the welding
trade carries risk of exposure to potentially fetotoxic
metals (Galarneau, 2021), including nickel and chro-
mium (McDermott et al., 2015), manganese (Tsai et al.,
2015; Xia et al., 2016), and aluminum (Domingo, 1995;
Sakr et al., 2010). Olgun ef al. (2020) have shown
welding fume to be toxic to placental trophoblast cells.
Particles, in welding found in fume or released during

grinding, have been implicated in low birth weight and
prematurity in population studies (Bekkar et al., 2020;
Yuan et al., 2020). There are also substantial ergonomic
demands, from the welding itself, grinding tasks, the ma-
nipulation of heavy components and the body postures
needed to reach parts to be welded, as well as envir-
onmental factors such as heat and noise (Cherry et al.,
2022). Recent systematic reviews and meta-analyses
have supported the role of heavy physical work in poor
pregnancy outcomes, with increased risk of spontaneous
abortion and preterm birth with lifting of heavy loads
(Cai et al., 2020; Croteau, 2020). In Western Canada,
much of the demand for welders has been in the ex-
traction industries, with exposure to harsh conditions,
including long working schedules implicated elsewhere
in adverse pregnancy outcomes, with a dose-response
found between hours worked and preterm delivery (Cai
et al.,2019).

The aim of the present report was to assess the effect
of inhaled metals and particles in welding fume on
pregnancy outcome in the subgroup of women welders
who reported that their tasks in the job held at the time
of conception included welding and for whom esti-
mates of exposure to metals in welding fume could be
made. While other, ergonomic, exposures were again
considered (Cherry et al., 2022), this paper addresses
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primarily the effects of welding fume in the subgroup for
which this could be estimated.

Methods

Preliminary work included the development and valid-
ation of a self-report questionnaire to accurately reflect
welding tasks (Cherry, 2011). Women entering appren-
ticeships in welding trades (welding, boiler-making,
steam fitting, and pipefitting) were identified by appren-
ticeship boards (or equivalent) across Canada (Cherry
et al., 2018). Baseline information was collected when a
consent form, indicating a willingness to join the study,
was received by the research team. Women were subse-
quently contacted at 6-month intervals for up to 5 years.
The baseline questionnaire collected demographic infor-
mation, a job history, use of tobacco and alcohol, and
details of all pregnancies and births. At each 6-month
follow-up, use of tobacco and alcohol was brought up
to date, all jobs since the last contact were recorded and
detailed trade-specific questionnaires completed about
tasks and activities on the most recent day on which they
were welding (Supplementary Material A, available at
Annals of Work Exposures and Health online).

Women were asked to notify the research team as
soon as they became pregnant, by phoning a toll-free
line, by email or by sending back a ‘pregnancy card’, a
distinctive prefranked postcard distributed at recruit-
ment and at intervals during the study. A postpregnancy
questionnaire was completed after the due date, to
collect information on pregnancy outcomes. Every
follow-up questionnaire also asked about pregnancies
since the last contact, and a ‘wrap-up’ questionnaire in-
cluded an additional question on miscarriages.

Pregnancy outcomes of interest, reported by the par-
ticipant, were fetal loss (spontaneous abortion or still-
birth) at any gestation, and, for live births, gestation in
weeks along with birth weight (g). Ectopic pregnancies
and pregnancies ending in an elective abortion were
omitted. For those living in Alberta, linkage was made
(with consent) to the perinatal register and adminis-
trative health database from which dates of physician-
consulted miscarriages and deliveries, gestation, birth
weight, and status (live birth) were retrieved and used
to supplement estimates of gravidity (miscarriage) or
to clarify missing or ambiguous reports of gestation
or birth weight. When a woman reported a pregnancy,
she was asked to complete two questionnaires (usu-
ally in the first and third trimester) and a further one
postpregnancy. Conception date was estimated for each
pregnancy, from the date of the last menstrual period
where reported on a pregnancy questionnaire, or from

gestation. Where no gestation data were available for a
miscarriage, this was assumed to be at 8 weeks (the me-
dian length for those with such data). The estimated date
of conception was linked to the employment record to
determine occupation and exposures close to the time of
conception.

For those working in welding at conception, and
whose pregnancy was ongoing at the recruitment ques-
tionnaire or later, we considered ergonomic demands
(hours manipulating heavy objects, standing, crouching,
working above shoulder height, driving, work with tools
or equipment causing hand/arm or whole-body vibra-
tion), ratings (from 1 to 10) of intensity in the noisiest,
hottest, and coldest part of the job, work schedules (hours
of work, maximum days worked without a rest day,
number of consecutive nights worked after midnight),
and factors influencing respiratory exposure [percentage
of time using a respirator, working with general mech-
anical ventilation, local exhaust ventilation (LEV), out-
doors, in a confined space]. The questions used had been
validated during preliminary work (Cherry, 2011). They
were focused on the most recent day of welding before
the periodic (or pregnancy) questionnaire was completed.
Derivation of these estimates is outlined in Supplementary
Material B (available at Annals of Work Exposures and
Health online). For women in a job that entailed welding
at the time of conception (postrecruitment), we also es-
timated exposures to particles, aluminum, chromium,
manganese, and nickel using task-exposure estimates
derived from the literature, calibrated by measurements
from laboratory-based welding tasks (Galarneau, 2021)
and validated against urinary metal concentrations in
this population (Cherry et al., 2022). A summary of the
development and validation of these estimates is given as
Supplementary Material C (available at Annals of Work
Exposures and Health online).

Potential confounders considered were age, number
of previous pregnancies, number of previous live births,
a history of previous fetal loss, number of cigarettes/day,
number of alcoholic drinks/week, and body mass index
(BMI). These were determined for each woman at the es-
timated date of each conception.

Statistical methods

The effects of exposures on pregnancy outcome were
estimated in multilevel models with robust standard
errors, allowing for ‘clustering’ (more than one concep-
tion for each woman) and adjusting for confounders
at conception. Logistic regression models were fitted
when examining factors related to fetal loss and
linear mixed regression models for gestation and birth
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weight considered as continuous variables. Exposures
to particles and metals were log transformed and en-
tered as continuous variables, as were all confounders
except history of a previous fetal loss, which was en-
tered as a binary variable. Where ergonomic exposures
were considered as categorical variables, they were
initially grouped into approximate tertiles, using the
closest whole unit as the breakpoint, and the highest
tertile of exposure compared with those with lower
exposure. They were then collapsed to binary factors
for analysis. Where less than a third had been exposed,
the binary (any/none) grouping was used throughout.
Factors (exposures or potential confounders) were
considered for the final models if they reached P < 0.10
in bivariate analyses with the outcome of interest, and
were retained in the final model if, on a Wald test, their
removal changed the model with P < 0.05. A multi-
level, multivariable model with robust variances was
developed for each outcome from confounding and
ergonomic factors relating to that outcome. The add-
itional explanatory power of each metal/particle ex-
posure estimate to the final model was examined by a
Wald test of the model with and without the addition.
To investigate the possible mitigating effects of LEV
and respiratory protective equipment (RPE) on the
relation of metals and particulates to pregnancy out-
come, terms were added to the final model to contrast
the effects of each metal/total particulates in those
with and without reported use of LEV or RPE. The dif-
ference in effects was tested using the postestimation
command lincom in Stata 17.0. This is described more
fully in Supplementary Material D (available at Annals
of Work Exposures and Health online).

Results

The first recruitment questionnaire was completed on
8 January 2011 and the last on 24 September 2017.
Follow-up continued until 27 August 2018. The cohort
included 447 women who had entered the welding trade.
Women welders were recruited from all Canadian prov-
inces, the Yukon and North West Territories but with the
majority 69.8% (312/447) from Alberta. Women were
followed for up to 5 years, with those in welding com-
pleting a mean of 7.0 (range 1-16) questionnaires. Of
the 447 women welders, 295 (70.0%) reported at least
1 pregnancy since leaving high school: 29 high school
pregnancies contributed to gravidity but were not con-
sidered further. The average number of pregnancies in
these gravid women was 2.3 (range 1-9) resulting in a
total of 680 pregnancies (Fig. 1). Of these, 121 ended
in an elective abortion, 8 were terminated as ectopic

Women

No pregnancies l 1+ pregnancies
152 295

Total pregnancies
709

Since high school

No l Yes

——
29 680

Continued pregnancy

No Yes
——
131 549

Since started in trade

Yes l No

—
379 170

Welding |
379

In trade at conception

Yes No
——
234 145

!

Detailed job information

Yes l No

90

Estimates of metals and particles

Yes l No

———)
122 22

Figure 1. Flow chart of pregnancies in welders.

pregnancies, and the outcome of 2 pregnancies was un-
known. Many of the 549 pregnancies with known out-
come, not electively terminated, were before the woman
started in her trade (N = 170) and many more (N = 145)
were conceived during periods when she was either
not in paid employment or working outside her trade.
Among the 234 pregnancies in welders in their trade at
conception, detailed information on ergonomic factors
was available for 144. Estimates of exposure to welding
fume (and its metal constituents) at conception were
made for 122 pregnancies.
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Demographic features at recruitment of the 158
women welders with 234 pregnancies (excluding termin-
ations) conceived during a period working in welding are
shown in the top panel of Table 1: the lower panel con-
siders characteristics of pregnancies by assessment of ex-
posure. Pregnancies that were in-trade, but not assessed
for welding fume, were largely those where the conception
was before recruitment to the study (N = 87) and as such
the women were older and began training as a welder
earlier. Three pregnancies were after recruitment but, in
error, detailed information was not collected. A further 22
of those potentially included in the assessment group were

working in-trade but not welding, leaving 122 pregnan-
cies in 90 welders for analysis. The pregnancies assessed
for welding fume were similar to those not assessed on
other dimensions, including a previous fetal loss, number
of previous pregnancies and amounts of smoking and
drinking. Those assessed had marginally longer gestation
but very similar birth weight to those not assessed. Fewer
women continued work in the third trimester in the as-
sessment subsample, but this was not asked specifically
for in-trade pregnancies completed before recruitment
and time taken away from the job during pregnancy may
not have been well recorded in this group.

Table 1. Characteristics of women and pregnancies conceived in the welding trade by inclusion in exposure estimates

substudy.
Women Welding fume exposures assessed
Yes No All o
n % n % n %
Finished high school 76 84.4 53 77.9 129 81.6 0.308
Ever smoker 50 55.6 46 67.6 96 60.8 0.141
Ever drinker 81 90.0 62 91.2 143 90.5 0.803
Mean SD Mean SD Mean SD
Age at recruitment 26.2 4.4 31.8 7.6 28.6 6.6 <0.001
Year started training 2009 3.5 2005 6.8 2007 5.4 <0.001
N 90 68 158
Pregnancies n % n % n % p
Outcome
Live birth 91 74.6 70 62.5 161 68.8 0.030
Still birth 4 3.3 1 0.9 5 2.1
Miscarriage 27 22.1 41 36.6 68 29.1
Previous fetal loss 27 22.1 30 26.8 57 24.4 0.448
Mean SD Mean SD Mean SD
Age at conception 27.6 4.5 29.0 5.8 28.3 5.2 0.034
BMI 24.7 4.1 26.4 4.0 25.5 4.1 0.002
Cigarettes/day 2.7 5.7 4.1 6.8 3.3 6.3 0.114
Alcohol/week 3.2 5.4 3.0 5.4 3.1 5.4 0.971
Previous pregnancies 1.1 1.2 1.1 1.3 1.1 1.3 0.982
Hours welding/week 31.9 17.7 23.9 21.9 28.1 20.2 0.002
N 122 112 234
Live births Mean SD Mean SD Mean SD
Gestation(weeks) 39.4 1.6 38.7 3.0 39.1 2.4 0.090
Birth weight (g) 3365.4 453.0 3345.1 699.6 3356.5 571.5 0.828
n % n % n %
Worked beyond the second trimester 51 62.2 51 76.1 102 68.5 0.050
N 87¢ 67° 154

“Birth weight and gestation were missing for four assessed and three not assessed pregnancies.

Date stopped work during pregnancy was missing for eight assessed and three not assessed pregnancies.



1104

Annals of Work Exposures and Health, 2022, Vol. 66, No. 9

The relation of potential confounders to birth out-
comes in the assessment substudy is shown in Table 2.
None of the factors considered was related to the risk
of fetal loss in this sub group. A shorter gestation was
seen with a greater number of previous pregnancies and
a slightly increased gestation with a greater number of
alcoholic drinks and with continuing work into the third
trimester. Birth weight increased with age and BMI and
was marginally less in those with a history of an earlier
fetal loss. Age, BMI, the number of previous pregnan-
cies, and a previous fetal loss were retained as poten-
tial confounders for the analysis of the effects of metal,
particulate, and ergonomic exposures on pregnancy
outcome.

The bivariate relation of each ergonomic exposure
of interest to fetal loss, gestation, and birth weight is
shown in Table 3, which includes only factors showing
some relation (P < 0.10) to one of the three outcomes
considered. All three outcomes are seen to be related to
whole-body vibration, with fetal loss and gestation also
related to hand arm vibration greater than an hour a day
and to hours of heavy physical work greater than 1.5 h.
Ratings of intensity of noise and heat were related to
risk of fetal loss, and a greater rating of the heat inten-
sity involved in the job was associated with shorter ges-
tation. Risk of fetal loss also increased in those working
more than 10 h day' and decreased if LEV was used.
Gestation was shorter in those working more than
8 days without a rest day or crouching for 2 h or more.

Table 4 gives the relation of estimated exposure to
metals and particles to birth outcome. Exposure to alu-
minum, and to a lesser extent nickel and particles, was
greater in those whose pregnancy ended in fetal loss.
No relation was seen with gestation or birth weight,

shown here dichotomized as close as possible to the
median. Those in the group with shorter gestation had
higher estimates on each estimated exposure, but none
approached significance. With birth weight any tendency
was toward higher exposures in the group with higher
birth weight, but differences were minimal.

The relation of ergonomic, metal, and particulate
exposure to birth outcomes, with adjustment for clus-
tering of pregnancies within women, is shown in Table
5. For fetal loss, time manipulating heavy objects, whole
body and hand arm vibration, noise and heat, working
10 or more hours a day, and use of LEV were retained
for inclusion in the multivariate model. Heat was the
only work factor retained for gestation, and only whole-
body vibration for birth weight. Log aluminum, nickel,
and total particulates were also related to fetal loss with
P < 0.10. Factors (other than metals and particles) that
remained with P < 0.10 after adjustment for clustering
were then entered, together with confounders from Table
2, to create the final model for each outcome (Table 6).
For fetal loss the final model (before metals and particu-
lates) retained manipulating heavy loads, whole-body
vibration, and rating of noise intensity, together with a
protective effect of LEV (with a Wald test for removal
P =0.032). None of the potential confounders added to
the final model for fetal loss. Heat intensity rating was
retained for gestation, together with the number of pre-
vious pregnancies. For birth weight, whole-body vibra-
tion, and BMI were retained. The final column of Table 6
shows how the inclusion of the ‘best” exposure estimate
for metals and particles added to the final model: all re-
maining metals/particles contributed less than the one
shown. None of the estimated metal/particles exposures
added (P < 0.10) to the model without the factor. The

Table 2. Relation of potential confounders to pregnancy outcome in the assessment subgroup, adjusting for clustering

in pregnancies within participants.

Fetal loss Gestation (weeks) Birth weight (g)
OR 95% CI o B 95% CI o B 95% CI o

Maternal age 1.04 090to1.20 0.591 0.02 -0.07t00.11 0.683 24.92 -0.05 t0 49.88  0.050
BMI 0.96 0.86t01.08 0.526 -0.01 -0.10to 0.08 0.847 34.23 9.02 to 59.45 0.008
Number of pregnancies 1.09 0.73t01.63 0.660 -0.37 -0.69to-0.05 0.024 -31.50 -125.11to062.11 0.510
Past fetal loss 1.71  0.39t07.41 0.473 -0.95 -222t00.32 0.143 -247.16 -516.66t021.34 0.071
Number of cigarettes/day 1.00 0.90to1.12 0.942 -0.05 -0.12t00.03 0.209 -3.48 -28.76 t0 21.79  0.787
Number of drinks/week 0.96 0.87to1.05 0.362 0.04 -0.00t00.09 0.075 -0.54 -14.06 t0 12.99 0.938
Worked into third trimester — — — 0.65 0.07to1.23 0.028 11.19 -195.88t0218.27 0.916
N

Pregnancies 122 87 87

Participants 90 75 75
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Table 3. Relation of ergonomic demands to pregnancy outcome in the assessment subgroup without adjustment for

clustering.
Fetal loss Gestation (weeks) Birth weight (g)
n N % P Mean SD N p Mean SD N p
Manipulating heavy objects
<1.5h 15 90 16.7 < 0.001 39.6 1.4 73 0.041 3393 408 73 0.186
>1.5h 16 32 50.0 38.6 2.6 14 3218 640 14
Whole-body vibration
None 25 112 22.3 0.017 39.5 1.6 83 0.040 3394 436 83 0.008
Any 6 10 60.0 37.8 2.5 4 2781 465 4
Hand arm vibration
<lh 13 73 17.6 0.021 39.6 1.5 59 0.096 3392 447 59 0.437
>1h 18 49 36.7 39.0 1.9 25 3310 468 28
Hours of work/day
<10 12 69 17.4 0.023 39.4 1.6 55 0.841 3357 483 55 0.825
210 19 53 35.8 39.4 1.8 32 3380 402 32
Maximum days without a rest day
<8 17 82 20.7 0.121 39.6 1.5 62 0.066 3360 422 62 0.868
>8 14 40 35.0 38.9 1.9 25 3378 531 25
Kneeling or crouching
<2 h day™! 21 85 24.7 0.823 39.6 1.5 60 0.077 3356 417 60 0.769
>2 h day™! 10 37 27.0 38.9 1.9 27 3387 532 27
Work with LEV
None 29 99 29.3 0.060 39.3 1.5 67 0.625 3358 428 67 0.775
Any 2 23 8.7 39.6 2.0 20 3391 540 20
Noise-level rating
<7 47 9 16.1 0.033 39.7 1.6 43 0.040 3403 433 43 0.236
>7 40 21 34.4 39.0 1.7 40 3288 420 40
Heat-level rating
<4 46 11 19.3 0.143 39.8 1.3 43 0.009 3388 444 43 0.386
>4 41 19 31.7 38.9 1.9 40 3304 434 40
Overall 31 122 25.4 — 39.4 1.6 87 — 3365 453 87 —

closest was log aluminum that predicted an increase in
fetal loss with an odds ratio of 1.19 (95% confidence
interval 0.80-1.76). Comparison of effect in those with
and without LEV or RPE did not show modification of
the effects of metals and particulates on pregnancy out-
come, after adjustment for other exposures. For LEV
(but not RPE) the effects on fetal loss approached con-
ventional (P < 0.05) levels of statistical significance and
were consistent with lower risk in those using LEV
(Supplementary material D, available at Annals of Work
Exposures and Health online).

Discussion

The objective of the analysis reported here was to de-
termine whether, for welders carrying out welding
tasks in their job at conception, estimated exposures to

aluminum, chromium, manganese, nickel, or total par-
ticulates were associated with the outcome of the preg-
nancy. No significant effect was seen, having allowed for
ergonomic exposures and confounders. There was some
suggestion of an increase in risk of fetal loss with higher
metal/particulate exposures, particularly to aluminum
but, with the sample size available, the risk was compat-
ible with no effect. There was also a somewhat higher
risk of fetal loss with metal/particulate exposure in those
who did not use LEV compared with those reporting its
use, but this did not reach conventional levels of statis-
tical significance. As before (Cherry et al., 2022) whole-
body vibration was related to fetal loss in welders, with
manipulating heavy objects and perceived noise inten-
sity also being factors in the subgroup with detailed
exposure data reported here. The present analysis also
showed that perceived heat intensity was related to
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Table 4. Mean log estimates of exposure to metals and particles by pregnancy outcome without adjustment for clus-

tering of pregnancies within participants.

N Aluminum Chromium Manganese Nickel Particles
Mean SD P*  Mean SD P*  Mean SD P*  Mean SD P*  Mean SD P*

Fetal loss

No 91 6.07 1.51 0.041 4.47 1.43 0.266 853 1.40 0.151 5.16 1.23 0.087 10.74 1.24 0.099

Yes 31 6.67 1.01 4.78 0.90 8.92 0.94 5.57 0.79 11.14 0.78
Overall 122 622 142 4.55 1.32 8.63 1.30 526 1.14 10.84 1.15
Gestation (weeks)

<39 47  6.22 1.44 0.293 4.54 130 0.569 8.69 122 0.255 531 1.18 0.209 10.86 1.13 0.344

>39 40 5.88 1.61 4.36 1.59 8.34 1.56 4.97 1.30 10.60 1.37
Overall 87 6.04 1.53 4.45 136 8.30 1.42 513 1.24 10.72 1.26
Birth weight (g)

<3330 44 6.06 1.57 0.862 4.35 136 0.550 838 1.41 0.418 5.09 1.28 0.746 10.60 1.32 0.374

>3330 43 6.01 1.51 4.54 1.56 8.62 1.42 517 1.23 10.84 1.19
Overall 87 6.04 1.53 4.45 146 8.50 1.41 513 1.24 10.72 1.26
*From analysis of variance of the log-transformed data.
Table 5. Bivariate analysis of exposures and outcomes, adjusting for clustering of pregnancies.
Exposure Fetal loss Gestation (weeks) Birth weight (g)

OR 95% CI o B 95% CI o B 95% CI o

Manipulating heavy weights

>1.5h 5.0 2.14t011.69 <0.001 -0.95 -2.24t00.34 0.149 -201.8 -533.7t0130.1 0.233
Whole-body vibration

Any 5.52 1.30to023.44 0.020 -1.48 -3.56t00.61 0.165 -522.3 -980.3t064.4 0.025
Hand arm vibration

>1h 2.83 1.08to0 7.39 0.034 -0.55 -127t00.20 0.152 -103.7 -2929t085.4 0.282
Hours of work/day

210 h 2.81 1.02t07.77 0.046 035 -0.59t01.30 0.463 194  -155.5t0 1944 0.828
Maximum days without a rest day

>8 1.99 0.69 to 5.69 0.201 -0.41 -1.42t00.61  0.431 240 -180.9t0229.0 0.818
Kneeling or crouching

22 h 1.28 0.38t04.29 0.687 -0.52 -1.23t00.18 0.145 219  -212.5t0256.4 0.855
LEV

Any 0.21 0.04to 1.19 0.078 021 -0.52t00.95 0.571 1.1 -2543t0256.5 0.993
Noise-level rating 1.37 1.01to0 1.86 0.042 -0.09 -0.23t00.05 0.190 0.00 -0.05 t0 0.05 0.931
Heat-level rating 1.21 1.01to 1.46 0.042 -0.16 -0.30to-0.02 0.021 -0.00 -0.04 t0 0.03 0.797
Exposure: aluminum 1.52 1.04t02.24 0.032 -0.03 -0.23t00.17  0.742 10.6 -43.91t065.0 0.703
Exposure: chromium 1.22 0.88to1.71 0.237 -0.08 -0.25t00.09 0.367 30.7 -40.9 t0 102.2  0.401
Exposure: manganese 1.35 0.93to 1.96 0.115  0.03 -0.40to0.46  0.900 49.2 -23.5t0121.8 0.185
Exposure: nickel 1.51 0.96 t0 2.37 0.078 -0.12 -0.36t00.13  0.344 45.2 -40.6 to 131.0  0.302
Exposure: particles 1.49 0.95t02.33 0.082  0.08 -0.63t00.78  0.832 45.3 -25.1t0 115.6 0.208
N

Pregnancies 122 87 87

Participants 90 75 75
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Table 6. Final models for pregnancy outcomes with adjustment for clustering of pregnancies.
All factors Final model Final model + ‘best’ metal
OR 95% CI P OR 95% CI o) OR 95% CI P
Fetal loss
Manipulating heavy objects
>1.5h 3.69 1.19 to 11.45 0.024  5.13 2.04 to 12.92 <0.001 4.95 1.92 to 12.80 0.001
Whole-body vi-  7.96 1.86 to 34.09 0.005 5.86 1.81to 18.92 0.003 5.40 1.71 to 17.03 0.004
bration: any
Hand arm vibration
>1h 2.30 0.82 to 6.44 0.122
Work hours 210 1.14 0.38 t0 3.38 0.818 — —
LEV
Any 0.16 0.03 to 0.71 0.016 0.20 0.03to 1.18 0.076  0.21 0.04to 1.14 0.070
Noise rating 1.48 1.11 to 1.96 0.008  1.52 1.24 to 1.85 <0.001 1.48 1.21to 1.82 <0.001
Heat rating 0.96 0.78 to 1.18 0.692
Aluminum 1.18 0.79 to 1.77 0419 — 1.19 0.80 to 1.76 0.390
exposure
N
Pregnancies 122 122 122
Participants 90 90 90
B 95% CI p B 95% CI p B 95% CI p
Gestation
Number of -0.33 -0.62 to -0.04 0.026  -0.35 -0.65 to -0.05 0.023  -0.34 -0.695 to -0.04 0.027
previous
pregnancies
Number of 0.02 -0.03 t0 0.07 0.371  — —
drinks/week
Heat rating -0.15 -0.29 to -0.02 0.027  -0.15 -0.29 to -0.02 0.023  -0.15 -0.28 to -0.02 0.026
Chromium — — -0.04 -0.21t0 0.13 0.656
exposure
N
Pregnancies 87 87 87
Participants 75 75 75
Birth weight
Age 20.8 -3.0 to 44.6 0.087 — —
BMI 37.1 13.2t061.1 0.002 36.3 12.0 to 60.6 0.003 36.9 14.5to 59.3 0.001
Past fetal loss: any -197.9  -410.1 to 14.4 0.068 — —
Whole-body vi- -487.0 -811.0to-163.0 0.003 -595.5 -924.3t0-266.7 <0.001 -604.5 -907.1to-301.9 <0.001
bration: any
Manganese — — 50.9 -14.4to0 1116.1 0.126
exposure
N
Pregnancies 87 87 87
Participants 75 75 75

shorter gestation and whole-body vibration to reduced
birth weight.

There are limited published data against which to
compare these results, particularly those for fetal loss.
McDonald et al. (1988a) considered effects of work
in the metal working trades (among other occupa-
tions) and found vibration and noise to be related to

miscarriage and stillbirth. Systematic reviews support a
role for heavy or frequent occupational lifting (Cai et al.,
2020; Croteau, 2020)) on miscarriage, as found here.
There are a greater number of studies of effects on ges-
tation, prematurity, and birth weight. Two studies, using
community-based data from Finland (Quansah and
Jaakkola, 2009) and Sweden (Norlén et al., 2019) both
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found evidence of an increased risk of preterm delivery
and low birth weight in welders, supporting earlier sug-
gestions (Farrow et al., 1998; Li et al., 2010) that women
who welded might be at increased risk of these out-
comes. No study (other than that of Olgun et al. (2020)
with placental trophoblast cells) has considered the
metal content of welding fume on pregnancy outcome.
There have been several studies suggesting occupational
noise exposure may result in low birth weight and pre-
maturity (not seen in this population) (McDonald e al.,
1988b; Ristovska et al., 2014; Selander et al., 2019).
High temperatures have been found to relate to early
delivery (Auger et al., 2014; Bekkar et al., 2020; Ilango
et al., 2020) in the general population, giving credibility
to the result reported here, but this has been less well
studied in occupational settings.

The strong association of poor pregnancy outcomes
with whole-body vibration is based, in this analysis, on only
10 pregnancies with such exposure, 6 of which resulted in
fetal loss and 4 with lower birth weight and shorter ges-
tation. Whole-body vibration, assigned by a job exposure
matrix, has recently been reported, from Sweden, to relate
to preterm birth but not low birth weight (Skroder et al.,
2020), with similar findings, using self-report of vibra-
tion exposure, in Nigeria (Omokhodion ef al., 2010) and
Canada (Croteau et al., 2007). In the present study, vibra-
tion, both whole body and hand arm, arose mainly from
using grinding tools, and avoidance of such tasks would
seem a reasonable precaution for pregnant welders.

Strengths of the study include the repeated measures,
prospective design, in which information about job de-
mands around the time of conception was collected be-
fore the outcome of the pregnancy was known. Where
this did not happen as planned, this was also a weak-
ness: miscarriages and even term births might be dis-
covered after the event and, if information was collected
postevent, the possibility of reporting bias cannot be
excluded. The design did, however, give confidence that
very few pregnancies were missed completely and the
quality of the information on numbers, dates, and out-
come of pregnancies is likely to be higher than in studies
using a retrospective design. A further strength was
the homogeneity of the sample, with little adjustment
needed for confounders. Factors, such as noise intensity,
not related to fetal loss in the broader group of women
in the welding trade (Cherry et al., 2022), were found to
be of importance in this group in which welding was the
prime activity.

Limitations of the study include the relatively small
number of pregnancies (not electively terminated) in
women who conceived during a period of work in the
welding trade. Although great efforts were made to

assemble pregnancies with detailed job information, the
final numbers were not sufficient to detect small risks or
those associated with rare exposures. Equally, with only
four stillbirths in the assessment substudy, it was not pos-
sible to carry out a separate analysis for these, which have
been considered together with miscarriages as a fetal loss.
Further the research design did not allow collection of
data on very early fetal loss, prior to pregnancy testing,
and did not seek to establish whether miscarriage resulted
from fetal abnormality. The participants may not have
been representative of all Canadian apprentices, although
the high proportion from Alberta reflects national statistics
for welders. Moreover, welding in Alberta is a ‘registered’
trade, permitting identification of all welding apprentices,
which was not the case in all jurisdictions.

A further limitation was that estimated airborne ex-
posures were only to welding fume. Particles released
during grinding, for example, will have added to ex-
posure and may have been inhaled. The lack of any
clear relationship of estimated metal or particulate ex-
posure to pregnancy outcome may be simply an issue
of power, but there is no suggestion of any detrimental
effect on birth weight, and nothing consistent for gesta-
tion. Although the majority of these welders continued
working into the third trimester, no detrimental effect
of continued work on pregnancy outcome was seen for
those whose pregnancy ended with a live birth. Earlier
work (Galarneau et al., 2022) showed a clear relation-
ship between urinary aluminum and chromium and the
exposure estimates used here, suggesting that, for these
metals at least, the estimates were a valid measure of ex-
posure. Effects of such exposures were less tenuous for
fetal loss than for the outcome of term (or close to term)
pregnancies. This might, in part, reflect the strategy for
estimating exposures. These were based on the most
recent day at work at around the time of conception,
when effects of metal exposure might be expected to
be most apparent. The study was not well designed to
examine the differential effects of exposures by trimester.
Information was collected about work tasks, normally
twice during pregnancy, but it was of variable quality
and a single exposure estimate (at conception) was used
for all outcomes. Insofar as women were able to modify
their work demands, use of this estimate would result in
exposure misclassification in the later months of preg-
nancy and this may have contributed to the absence of
an observed effect of exposures on these outcomes.

Although the mechanisms of damage are not al-
ways well understood (Cai et al., 2019, 2020; Croteau,
2020), the developing fetus and placenta are likely to
have changing vulnerabilities to work exposures as the
pregnancy advances. Studies of medication, infection,
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and ionizing radiation during pregnancy show that ter-
atogens, probably including environmental chemicals,
have effects particularly in the first trimester. This may
result in miscarriage or be evident at birth if the fetus
survives. There is little information on how physical ex-
posures cause miscarriage or preterm births, although
reduced capacity for heat regulation has been suggested
as a contributory factor (Basu et al., 2010). Few occupa-
tional studies have been able to identify critical periods
for exposures during pregnancy. Croteau et al. (2007)
were able to compare rates of preterm delivery in those
withdrawn from work during pregnancy with those
who remained in employment and suggested that effects
of job demands (including whole-body vibration) con-
tinued for exposures beyond 24 weeks of pregnancy. In a
population-based study, Yuan et al. (2020) were able to
show the effects of particulates on birth weight and pre-
term birth were largely from exposures during the third
trimester. While there is considerable uncertainty about
mechanisms, it is likely that, as in this study, exposures
identified will differ by endpoint.

Despite considerable efforts to assess exposures to
metals and particles (Galarneau, 2021) we have not
been able to demonstrate marked effects on fetal loss or
any effect on gestation or birth weight of the calculated
exposure estimates for metals and particles. There was
little prior reason to expect a relation of aluminum to
fetal loss. Two, underpowered, epidemiological studies
concluded there was no evidence of effect on preg-
nancy outcome (Golding et al., 1991; Sakr et al., 2010)
and a comprehensive review of laboratory studies does
not suggest effects on the fetus (Domingo, 1995). We
did find a protective effect of LEV for fetal loss, which
would be consistent with some element of welding fume
being fetotoxic, but might also reflect other features of
the task or workplace, with such ventilation being less
practical for welding outside a static workshop.

We do not conclude from this study that the welding
environment is safe for the fetus should a welder become
pregnant, but rather that it is ergonomic factors that
present the greatest risk, and the most urgent need for
intervention.
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