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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Hantson et al. (1996) 

Is genotoxic 

Meglumine 
antimoniate(V) 

Case study A daily dose of 
meglumine 
antimoniate(V) was 
given to the patient by 
intramuscular injection, 
equivalent to 
840 mg/day of Sb 

A single patient 
receiving 
meglumine 
antimoniate(V) 
treatment for 
15 days was tested 
for key 
characteristic 2 end-
points before, 
during, and at the 
end of treatment; 
known dosage of Sb, 
for which 
cumulative dose 
could be calculated 

Quantitative N/A Intramuscular 
injection 

Comparisons of 
end-point metrics 
were made by time 
point relative to 
treatment; in 
addition, exact dose 
of the compound 
and its equivalent 
Sb dose was 
known, and a total 
cumulative 
exposure was 
reported 

Outcomes were measured 
at 3 time points: before, in 
the middle (day 7), and at 
the end of treatment 
(day 15) 

Unlikely as the 
pharmacological substance 
was used; impurities were 
not reported 

No 

Torrús et al. (1996) 

Induces chronic 
inflammation 

Meglumine 
antimoniate(V) 

Case study 
(2 cases) 

Known dosage 
(20 mg/kg per day) and 
duration of antimonial 
administration 

Treatment with 
meglumine 
antimoniate(V) 

Quantitative   Intravenous 
administration 

Only that treatment 
was started, and 
effects 
subsequently 
occurred 

Outcome occurred shortly 
(4 days in case 1 and 
8 days in case 2) after 
treatment starting 

The effects were attributed 
to treatment with 
antimonials, due to the 
cessation of other 
medications and drug use 

No 

Costa et al. (2018) 

Induces chronic 
inflammation 

Meglumine 
antimoniate(V) 

Experimental Known dosage and 
duration of antimonial 
administration 

Intravenous 
treatment with 
meglumine 
antimoniate(V) 
20 mg/kg bw for 
20 days 

Quantitative   Intravenous 
administration 

Exact doses, 
duration, and 
cumulative dose 
were known for 
each participant, 
but end-points were 
compared at 2 time 
points: day 0 and 
day 15 of exposure 

Outcomes were measured 
at 2 time points (day 0 and 
day 15) 

Pharmacological substance 
was used, but impurities 
were not reported 

No 

Wang et al. (2016) 

Is genotoxic 

Not possible to 
specify 

Cross-sectional Total Sb measured in 2 
closely timed spot urine 
samples with 17 other 
metals 

Total Sb in urine 
(average of 2 closely 
scheduled spot 
samples) 

Quantitative, but 
categorized into 
quartiles for 
regression analyses 

The average creatinine 
adjustment method is 
not theoretically sound; 
it seems average urinary 
metal concentrations 
(from 2 spot samples) 
were adjusted by 
average creatinine in the 
regression; sample 
specific creatinine levels 
should have been used 
to correct individual 
sample metal 
concentrations, impact 
of this is not clear 

All routes 
reflected by 
urinary 
biomonitoring 

An average urinary 
concentration from 
2 closely scheduled 
spot samples 

Samples used to 
determine both exposure 
(urine) and outcome 
(semen) metrics were 
provided by participants 
on the same occasion; t2 
spot urine samples were 
collected between 2 and 
11 h apart) 

Measurements of 17 other 
urinary analytes were made, 
but not all mutually 
adjusted for in individual 
models; analysis was 
adjusted for smoking status 
and daily cigarette 
consumption 

Short half-life of Sb in 
urine, 2 closely timed 
spot samples collected 
on the same day as 
semen samples, and 
lack on information on 
source of exposure: 
potential for non-
differential 
misclassification 
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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Tellez-Plaza et al. (2014) 

Induces epigenetic 
alterations 

Not possible to 
specify 

Cohort with 
prospective and 
cross-sectional 
analyses 

Baseline spot 
measurements of total 
Sb in urine expressed 
as µg/g creatinine 

For the analysis, 
total urinary Sb 
≥ 0.27 µg/g 
creatinine (median) 

Quantitative 
measurements used 
to generate a binary 
variable used in 
regression analyses 

  All routes 
reflected by 
urinary 
biomonitoring 

A single time-point 
Sb concentration 
determined in urine, 
used to generate a 
binary variable: 
≥ 0.27 µg/g 
creatinine (median) 

2 analyses were 
performed: a cross-
sectional analysis of 
baseline Sb concentrations 
in relation to baseline 
outcome measurements; a 
prospective analysis of 
baseline Sb concentrations 
in relation to outcome 
measurements made 
~10 yr later 

Only 4 metals/metalloids 
were reported: Sb, As 
(including speciation), Cd, 
and W; smoking; it does not 
appear that analyses were 
adjusted for the other 
elements quantified; 
analysis was adjusted for 
smoking status 

Lack of information 
on source of exposure, 
single spot 
measurements made at 
single time point, and 
short half-life of 
urinary elements 
leaves some potential 
for non-differential 
misclassification 

Domingo-Relloso et al. 
(2019) 

Induces oxidative stress 

Not possible to 
specify 

Cross-sectional Total Sb measured in 
urine samples with 
8 other elements 
expressed as µg/g 
creatinine 

Total Sb in urine Quantitative 
measurements used 
to generate 
categorical 
variables used in 
regression analyses 

  All routes 
reflected by 
urinary 
biomonitoring 

A single time-point 
Sb concentration 
determined in urine, 
used to generate a 
categorical variable 

Cross-sectional 8 other elements and 
smoking were reported; 
multi-metal models were 
further adjusted for Cu, Zn, 
Sb, Cd, and Cr in urine; the 
source of exposure to 
elements was not explored; 
analyses were also adjusted 
for smoking status, pack-
years, and urine cotinine 

Lack of information 
on source of exposure, 
single spot 
measurements made at 
single time point, and 
short half-life of 
urinary Sb leaves 
some potential for 
non-differential 
misclassification 

Scinicariello & Buser 
(2016) 

Is immunosuppressive 

Not possible to 
specify 

Cross-sectional Total Sb measured in 
urine samples both 
corrected and 
uncorrected for 
creatinine 

Total Sb in urine; 
for the regression 
analysis in relation 
to telomere length, 
quartile comparisons 
were made and a 
dose–response 
relationship was also 
investigated 

Quantitative 
measurements used 
to generate 
categorical 
variables used in 
regression analyses 

  All routes 
reflected by 
urinary 
biomonitoring 

A single time-point 
Sb concentration 
determined in urine, 
used to generate a 
categorical variable 

Collected at the same time 
(cross-sectional analysis 
of NHANES data) 

The source of exposure to 
Sb and other elements was 
not explored (population-
based study), making this is 
difficult to assess; smoking; 
models were adjusted for 
smoking status and urinary 
Pb 

Lack of information 
on source of exposure, 
single spot 
measurements made at 
single time point, and 
short half-life of 
urinary Sb leaves 
some potential for 
non-differential 
misclassification 

Kim et al. (1999) 

Is immunosuppressive 

Antimony(III) oxide Cross-sectional: 
immunological end-
points compared 
between 3 groups: 
(A) directly 
exposed to Sb 
during 
antimony(III) oxide 
manufacture, (B) 
working in the 
same factory but 
not exposed, and 
(C) unexposed 
hospital controls. 

Exposure to Sb was 
assessed by 
categorizing the 
participants as 
described and 
supported by 
significantly elevated 
creatinine-corrected 
urinary Sb 
concentrations in the 
exposed group; a high 
prevalence of Sb-
attributed 
dermatological 
conditions had also 
been diagnosed among 
the exposed, and air 
concentrations of Sb 
were also detected in 
the workspaces of this 
group 

Working in the 
production of 
antimony(III) oxide 
and directly exposed 
to Sb dusts and 
fumes 

Quantitative   Exposure to Sb 
fumes and dusts 
described, skin 
lesions reported, 
and air Sb 
concentrations 
detected: dermal 
and respiratory 
exposure 

End-points were 
compared between 
the groups 
described, and 
continuous urinary 
Sb concentrations 
were also 
associated with 
serum IgG4 levels 

The exposures had been 
occurring for an 
unspecified duration 
before end-points being 
measured; relationship 
between timings of urine 
(exposure) and serum 
(outcome) collections was 
not specified but implied 
as a cross-sectional 
analysis 

Co-exposures were not 
quantified or accounted for 

Not suspected 
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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

El Shanawany et al. 
(2017) 

Is genotoxic; induces 
oxidative stress 

Antimony(III) oxide Cross-sectional: 
DNA damage and 
oxidative stress 
were compared 
between 25 workers 
occupationally 
exposed to 
antimony(III) oxide 
in polyester 
production and 
25 age-matched 
unexposed 
participants 

Employment in 
polyester-
manufacturing firm 
using antimony(III) 
oxide; elevated Sb 
exposure relative to 
unexposed was 
confirmed by 
comparative analysis of 
total urinary Sb 

Exposed to 
antimony(III) oxide 
for durations 
ranging 3–36 yr, 
while working in the 
polyester 
polymerization 
process 

Qualitative and 
quantitative metrics 
investigated 

Urinary Sb 
concentrations were not 
corrected for urinary 
dilution; if large 
differences in hydration 
status were present 
between exposed and 
unexposed groups, these 
would have contributed 
to the differences 
observed in Sb 
concentrations 

Not specified, 
but those 
relevant to the 
industrial process 
described: 
primarily 
respiratory and 
dermal 

End-points were 
compared between 
the groups 
described, but 
continuous urinary 
Sb concentrations 
were also 
associated with the 
quantity of DNA 
damage among 
exposed workers; 
duration of 
exposure was also 
investigated among 
exposed workers 

The exposures described 
had been occurring for 
between 3 and 36 yr 
before end-points being 
measured; relationship 
between timings of urine 
(exposure) and blood 
(outcome) collections was 
not specified but implied 
as a cross-sectional 
analysis 

Those with a history of 
medicinal products 
containing Sb and exposure 
to other known genotoxic 
agents were excluded and 
smoking was quantified; 
however, information on 
other co-exposures in this 
occupation was lacking; 
analysis was adjusted for 
cigarette-years 

Not suspected 

Bai et al. (2021) 

Is genotoxic: mosaic loss 
of chromosome Y 

 

 Not specified Cross-sectional Measurements of Sb in 
20 mL morning spot 
urine samples collected 
in October 2010 

 

Sb in urine samples 
among coke-oven 
plant workers, 
employed for > 1 yr, 
in Wuhan, China 
who enrolled in 
October 2010 

Quantitative None noted All routes Urinary (μg/mmol 
creatinine) levels of 
Sb using a single 
measure of 
exposure at single 
point in time 

 

Preceded 10 urinary metabolites of 
PAHs, along with BPDE-
alb adducts in plasma, and 
co-exposures to 22 metals 
were assessed: Al, As, Ba, 
Cd, Co, Cr, Cu, Fe, Pb, Mn, 
Mo, Ni, Rb, Se, Sr, Tl, Sb, 
Ti, U, V, W, and Zn; 
smoking 

LASSO regression and 
BKMR analyses were 
applied to account for 
mixtures, smoking pack-
years 

Differential 
misclassification: 
unlikely 

Non-differential 
misclassification: 
likely (use of a single 
urinary biomarker is 
subject to substantial 
intra-individual 
variability (Wang et 
al., 2019a) 

Cavallo et al. (2002) 

Is genotoxic: 
micronucleus formation; 
sister-chromatid 
exchange; oxidative 
DNA-damage marker 
(comet assay) 

Antimony(III) oxide Cross-sectional Measurements of 
antimony(III) oxide 
from personal air 
sampling conducted 
over a work week 
(Monday to Friday) on 
workers in the car 
upholstery industry 

Weekly mean levels 
of antimony(III) 
oxide (μg/m3) for 
2 groups of workers 
in the car upholstery 
industry: 17 workers 
in the “high” 
exposure group (A), 
6 workers in the 
“low” exposure 
group (B) 

Quantitative Sampling duration per 
work day not specified 
but earlier paper 
indicates that sampling 
was conducted over the 
entire work shift “in 
most cases” (Iavicoli et 
al., 2002) 

In IARC Groups A 
and B, 26 and 
15 measurements were 
collected because “more 
samples per subject 
could be taken in 
Group B because of 
their shift schedules” 

Inhalation Weekly mean 
antimony(III) oxide 
levels (μg/m3) for 
2 groups of workers 
(high-exposure 
group and low-
exposure group) 

Preceded There is potential for co-
exposures to other metals or 
carcinogens, although none 
were mentioned or 
evaluated except smoking; 
analysis was adjusted for 
smoking status 

Differential 
misclassification: 
unlikely 
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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Goi et al. (2003) 

Alters cell proliferation, 
cell death, or nutrient 
supply: plasma levels of 
lysosomal enzymes N-
acetyl-β-D-
glucosaminidase, β-D-
glucuronidase, α- and β-
D-galactosidase, α-D-
glucosidase, and α-D-
mannosidase 

 

Antimony(III) oxide  

 

Cross-sectional Measurements of Sb in 
urine samples 

Sb exposures among 
art-glass workers: 
16 workers used 
arsenic(III) oxide 
and 10 used 
antimony(III) oxide 

Quantitative No information on 
methods for collecting 
urine samples; sparse 
details on laboratory 
analyses of metals in 
urine samples 

All routes Urinary 
concentrations of 
Sb (μg/L) using a 
single measure of 
exposure at single 
point in time 

Exposures and outcome 
assessed at the same time 

Urinary levels of As (μg/L) 
were also measured; 
smoking 

No assessment for co-
exposures in the statistical 
analyses 

No difference between 
smokers and non-smokers 
was shown 

Differential 
misclassification: 
unlikely 

Non-differential 
misclassification: 
likely (use of a single 
urinary biomarker is 
subject to substantial 
intra-individual 
variability) 

Guo et al. (2018) 

Modulates receptor-
mediated effects: serum 
thyroid hormones 

Not intended to be 
specified  

Cross-sectional Measurements of Sb in 
peripheral whole-blood 
samples among 
pregnant women 
collected at ~25 wk of 
gestation in 2016 

Sb concentrations in 
whole blood among 
pregnant women 
participating in the 
Hangzhou Birth 
Cohort Study 
(HBCS) enrolled in 
2016 

Quantitative None All routes Tertiles of plasma 
concentrations 
(μg/L) of Sb using a 
single measure of 
exposure at single 
point in time 

Serum samples for thyroid 
hormone levels were 
taken within 1 wk of 
collection of blood 
samples for metal 
measurement 

As, Cd, Co, Cr, Se, Mn, Ni, 
Pb, Sr, and V were also 
measured and evaluated; 
smoking 

Co-exposures were 
evaluated if single-metal 
models produced 
statistically significant 
results (P < 0.05); logistic 
regression results presented 
for Mn, Ni, and Sb for free 
thyroxine (FT4); analysis 
was adjusted for exposure 
to second-hand smoke in 
pregnancy 

Differential 
misclassification: 
unlikely 

Margetaki et al. (2021) 

Modulates receptor-
mediated effects: thyroid 
hormones 

Not intended to be 
specified  

Cross-sectional Measurements of Sb in 
maternal spot urine 
samples 

Sb levels in urine at 
the first prenatal 
visit (median, 13 wk 
of gestation) among 
women enrolled in 
the Rhea birth 
cohort in Heraklion, 
Crete, Greece 

Quantitative None All routes Dichotomized (first 
and second tertiles 
were collapsed for 
the reference 
category) maternal 
urinary 
concentrations of 
Sb (μg/L, adjusted 
for specific gravity) 
using a single 
measure of 
exposure at single 
point in time 

Exposures and outcomes 
were assessed at the same 
time 

Cd and Pb were also 
measured in urine samples 

Co-exposures were 
evaluated using BKMR 

Smoking; all models were 
adjusted for smoking in 
early pregnancy 

Differential 
misclassification: 
unlikely 
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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Riffo-Campos et al. 
(2018) 

Induces epigenetic 
alterations: subclinical 
atherosclerosis 
measures, DNA 
methylation markers 

 

Not specified Cross-sectional Measurements of Sb in 
spot urine samples 
collected during 2009–
2010 

Sb levels in urine 
collected at baseline 
(2009–2010) among 
a cohort of workers 
(men) at a car 
assembly plant in 
Figueruelas 
(Zaragoza, Spain) 

Quantitative None All routes Urinary levels of Sb 
(μg/g creatinine) 
using a single 
measure of 
exposure at single 
point in time 

Measurement of urinary 
metal levels before 
assessment of subclinical 
atherosclerosis measures 

In a subsample of 
participants who provided 
blood samples, 
relationships between 
differentially methylated 
regions with respect to 
subclinical atherosclerosis 
in coronary, carotid, and 
femoral artery territories, 
metal concentrations, 
sociodemographic 
characteristics, and 
different cell types were 
evaluated using a big-data 
approach (i.e. bump 
hunter methodology) 

Potential for co-exposures 
to As, Cd, and W; smoking; 
statistical models were 
adjusted for active smoking 

Differential 
misclassification: 
unlikely 

 

Wu & Chen (2017) 

Is immunosuppressive: 
serum IgG, IgA, and IgE 
levels 

Antimony(III) oxide 
(for the workers at the 
antimony(III) oxide 
plant)  

Unable to specify for 
the other group of 
workers 

Cross-sectional Measurements of Sb in 
air samples (area and 
personal sampling) 

Measurements of Sb in 
blood, first-void urine, 
and hair samples 

Airborne Sb levels 
at work sites and 
administrative 
offices at glass-, 
antimony(III) oxide-
, and engineering 
plastic-
manufacturing 
plants 

Sb levels in blood, 
urine, and hair of 
workers at glass-, 
antimony(III) oxide- 
and engineering 
plastic-
manufacturing 
plants 

Quantitative Unclear how many 
personal samplers were 
located and how many 
area samples were 
collected 

All routes Average Sb levels 
in air samples 
(mg/m3) at work 
sites and 
administrative 
offices 

Sb concentrations 
in blood (μg/L), 
urine (μg/g 
creatinine), and hair 
(μg/g) using a 
single measure of 
exposure at single 
point in time 

Exposures and outcomes 
were assessed at the same 
time 

Potential for exposures to 
other metals and 
carcinogens in the 
workplaces studied; 
smoking 

No assessment for co-
exposures 

Differential 
misclassification: 
unlikely 

 

Cooper et al. (1968) 

Induces chronic 
inflammation: 
pneumoconiosis 

Sb ore (stibnite) and 
antimony(III) oxide  

Occupational health 
evaluation 

Measurements of Sb in 
air and in spot urine 
samples collected 

Airborne Sb levels; 
an Sb plant 
processing crude ore 
(antimony(III) 
sulfide) into 
antimony(III) oxide 

Periodic (1 or 
2 times/yr) 
assessment of 
urinary Sb levels 
among 28 workers 
1962–1966 

Quantitative No information on 
sampling strategy or 
sampling and analytical 
protocols for assessing 
Sb in air; no information 
on laboratory methods 
for analysing Sb in urine 

Inhalation Average Sb levels 
in air samples 
(mg/m3) at different 
locations in the 
plant (bagging 
operations, 10 other 
locations; 13 other 
locations) 

Sb concentrations 
in urine (μg/L) 1 or 
2 times/yr between 
1962 and 1966 

Preceding: urine samples 
collected prior to X-ray 
evaluations of 
pneumoconiosis; duration 
of occupational exposure 
was 1–15 yr. 

Unable to determine 
temporal relationship 
between air measurements 
of Sb and evaluation of 
outcome 

None mentioned Differential 
misclassification: 
unlikely 
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DRAFT 

Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Deng et al. (2019) 

Induces epigenetic 
alteration: microRNA 
expression 

Not specified Cross-sectional Measurements of Sb in 
spot urine samples, 
collected either at the 
start or end of the work 
shift 

Urinary levels of Sb 
among 360 coke-
oven workers (men) 
in a steel plant in 
southern China, 
classified into 
exposed (working at 
the top, side, or 
bottom of the coke 
oven; n = 122) and 
unexposed (working 
in adjunct 
workplaces or 
offices; 
n = 238)groups 

Quantitative Urine samples were 
collected either at the 
start or the end of the 
work shift 

Inhalation Sb concentrations 
in urine 
(μmol/mmol 
creatinine) 

Exposures and outcomes 
were assessed at the same 
time 

Smoking; co-exposures to 
22 other metals and PAHs 
evaluated assessed using 
LASSO penalized 
regression analysis, adjusted 
to smoking status and pack-
years 

Differential 
misclassification: 
unlikely 

Kirmizi et al. (2020) 

Induces oxidative stress: 
oxidative, antioxidative, 
and pro-inflammatory 
markers; glucose 
metabolism parameters 

Not intended to be 
specified 

Cross-sectional Measurements of Sb in 
fasting blood samples 
among women with and 
without PCOS 

Women recruited 
from gynaecology 
outpatient clinics 

Quantitative Fasting blood samples All routes Sb concentrations 
in blood (ppb) 
[µg/L] 

Exposures and outcomes 
were assessed at the same 
time 

Co-exposures to 7 other 
metals (As, Cr, Cd, Pb, Hg, 
Zn, and Cu) were evaluated 

  

Alrashed et al. (2021) 

Is genotoxic; induces 
oxidative stress 

Not possible to 
specify 

Case–control Blood measurement of 
total Sb 

Blood Sb in a case–
control study of 
women with 
recurrent pregnancy 
loss and controls 

Quantitative No practical concerns All routes Continuous variable 
of total blood Sb 
correlated with end-
point metrics 

Cross-sectional Blood As also quantified, 
but no adjustment 
performed 

Non-differential 
misclassification: 
possible 

Lobanova et al. (1996) 

Induces chronic 
inflammation 
(bronchitis); immune 
response  

[The Working 
Group’s assessment is 
antimonite/stibnite 
ore consisting of 
antimony(III) oxide, 
based on a review of 
mines in the region 
(Baltukhaev & 
Solozhenkin, 2009)] 

Cross-sectional Occupational status Occupational 
exposure to Sb 
through mining; 
2 “exposed” groups 
were compared with 
a control group of 
gold miners with no 
known exposure to 
Sb; implied groups 
were validated by 
dust analysis in the 
exposed 

Qualitative N/A Primarily 
inhalation of Sb-
containing dust, 
but also other 
mining-relevant 
routes; however, 
route-specific 
exposure 
assessment not 
undertaken 

Qualitative status of 
employment used 
to determine groups 

70% of examined workers 
had worked in the mine 
“up to ten years” 

Yes, as dust known to be of 
complex composition with 
other elements, including 
As and sulfur 

Unlikely 

Potkonjak & Pavlovich 
(1983) 

Induces chronic 
inflammation: 
pneumoconiosis 

Antimony(III) oxide 

Antimony(V) oxide  

Cross-sectional Occupational status: 
exposure to dusts 
containing ≤ 88% 
antimony(III) oxide and 
≤ 7.8% antimony(V) 
oxide, as previously 
quantified; years in 
occupation also briefly 
examined 

Occupational 
exposure to 
antimony(III) oxide 
and antimony(V) 
oxide dust in a 
smelting plant 

Qualitative N/A Routes relevant 
to dust exposures 
during smelting 

Qualitative 
employment status 
in a task involving 
dust with high Sb 
content; years in 
occupation also 
available and used 
for comparison 

Occupational history in 
smelting plant between 
9 and 31 yr; periodic lung 
examinations were 
performed throughout 
employment 

Smelting activities usually 
involve multiple co-
exposures; while 
antimony(III) oxide and 
antimony(V) oxide made up 
the largest portion of dust 
components (39–88% and 
2–8%, respectively), lower 
concentrations of free silica 
(0.8–4.7%), ferric oxide 
(0.9–3.8%), and arsenic(III) 
oxide (0.2–6.5%) were 
present 

Unlikely 
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Table S1.17 Exposure assessment review and critique for mechanistic studies in humans exposed to trivalent and pentavalent antimony 

Reference and 
mechanistic end-point 

Agent What was the 
study design? 

What methods were 
used for the exposure 
assessment (including 
data source, 
environmental and 
biological 
measurements etc.)? 

What was the 
exposure context? 

Was exposure 
assessment 
qualitative, 
semiquantitative, 
or quantitative? 

Concerns noted on 
sampling and 
collection protocols for 
metal measurement 

What routes of 
exposure were 
assessed? 

What exposure 
metrics were 
derived for use in 
analyses (e.g. 
average exposure, 
exposure duration, 
cumulative 
exposure etc.)? 

What was the timing of 
exposure relative to the 
outcome? 

Was there potential for 
co-exposures to other 
metals/carcinogens? 

If yes, were these 
accounted for in analyses? 

Was there potential 
for differential or 
non-differential 
exposure 
misclassification?  

Al, aluminium; As, arsenic; Ba, barium; BKMR, Bayesian kernel machine regression; BPDE-alb, plasma benzo[a]pyrene diol epoxide albumin; bw, body weight; Cd, cadmium; Co, cobalt; Cr, chromium; Cu, copper; Ig, immunoglobulin; LASSO, least absolute shrinkage and selection operator; Mn, 
manganese; Mo, molybdenum; N/A, not applicable; NHANES, National Health and Nutrition Examination Survey; Ni, nickel; PAH, polycyclic aromatic hydrocarbon; Pb, lead; PCOS, polycystic ovary syndrome; ppb, parts per billion; Rb, rubidium; Sb, antimony; Se, selenium; Sr, strontium; Ti, titanium; 
Tl, thallium; U, uranium; V, vanadium; W, tungsten; wk, week; yr, year; Zn, zinc. 
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