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ABSTRACT
Objectives Nephrolithiasis (kidney stones) is a
common disease with the prevalence that is increasing
globally. We previously found that trimethyltin (TMT), a
by-product of plastic stabilisers, can inhibit the H+/K+

ATPase activity in renal intercalated cells and alter
urinary pH, which is a known risk factor for
nephrolithiasis. In this study, we conducted a cross-
sectional analysis to evaluate the impact of chronic low
level occupational TMT exposure on nephrolithiasis.
Methods This study included 216 healthy workers with
TMT exposure and 119 workers as controls with no TMT
exposure. All study participants were administered a
questionnaire and underwent a routine clinical
examination including an ultrasonographic screening for
kidney stones. Exposures were assessed by measuring
TMT concentrations in personal air samples, blood and
urine. Logistic regression analysis was used to estimate
the ORs and 95% CIs for the risk of kidney stones.
Results TMT exposed workers had a higher prevalence
of kidney stones (18.06%) in comparison with control
workers (5.88%). High TMT concentrations in personal
air samples, blood and urines were positively associated
with increased prevalence of kidney stones in workers
exposed to TMT compared with controls workers
(p-trend values=0.005, 0.008 and 0.002, respectively).
The length of employment in plants with elevated TMT
levels (duration of the exposure) was significantly
associated with the increased prevalence of kidney
stones (p trend=0.001). The ORs were 2.66 for
<3 years, 3.73 for 3–<10 years and 7.89 for 10+ years
of employment compared with control workers.
Conclusions To our knowledge, this is the first report
to demonstrate that occupational exposure to TMT is a
potential risk factor for nephrolithiasis.

INTRODUCTION
Recent outbreaks of nephrolithiasis and acute
kidney injury among children in China have been
linked to ingestion of milk-based infant formula
contaminated with melamine.1 This recent epi-
demic of environmental kidney disease highlights
the unique vulnerability of the kidney to environ-
mental insults. The prevalence of nephrolithiasis is
reported to be increasing globally.2 3 In the USA,
the reported prevalence of kidney stones increased
37% between 1980 and 1994,4 and currently the
lifetime risk of developing kidney stones in the
USA is at 6%–12%,5 affecting approximately 1 in

11 people.6 There are multiple risk factors asso-
ciated with the development of renal stones includ-
ing genetic variation, gender, geographic region,
diet, fluid intake and socioeconomic status.7 8

However, the increased prevalence of nephrolithia-
sis worldwide largely cannot be explained by these
known risk factors, and it has been suspected that
environmental exposures could be a potential con-
tributing cause.
Polyvinyl chloride (PVC) is one of the most used

plastic materials in the world. At a global level,
demand for PVC exceeds 35 million tons per year.
PVC has the tendency to decompose upon heating
or on prolonged exposure to light due to loss of
HCl from the polymer. Thus, during the manufac-
turing of PVC plastic, chemical additives including
heat stabilisers are used to control the properties of
the PVC. Methyltins are extensively used as heat
and light stabilisers in plastics.9 It is estimated that
over 15 000 tons of methyltin stabilisers are used
each year in Europe,10 and the consumption of
methyltin compounds as PVC stabilisers in the USA
was approximately 27% of the world market.11

Methyltin stabilisers are made from monomethyltin
and dimethyltin (MMT and DMT) that are synthe-
sised by a direct chemical reaction. During this
process, trimethyltin (TMT), a chemical with higher
toxicity than MMTand DMT, is also produced as a
by-product. Methyltin-stabilised PVC has extensive
applications including packaging materials, foils,
piping of potable water, waste and drainage water,
window frames and coating materials. With increas-
ing use of methyltin stabilisers in PVC production in
developing countries, such as in China, a dramatic
increase in occupational poisoning accidents has
occurred due to acute exposures to methyltin com-
pounds.12 13 Moreover, leaching of methyltin ingre-
dients from PVC and related materials can
contaminate foodstuffs, beverages, drinking water,
municipal water and sewage sludge.9 However,
there are currently no regulations concerning
methyltin compounds in drinking water, while they
are on the EPA’s Candidate Contaminant List.14

Previous research in the field has focused on
studying the life-threatening acute neurological and
psychiatric symptoms.15–21 Other health impacts
and chronic effects of methyltin compounds are
largely unknown. While the toxicokinetics of
methyltins is not understood in humans, we have
shown that TMT has a 15-day half life in rats,
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suggesting that methyltins may persist and accumulate following
chronic occupational exposures.22 We previously reported that
over 80% of the poisoning cases involving acute occupational
TMT exposures developed hypokalaemia before showing more
deleterious neurobehavioural symptoms, and that treatment of
hypokalaemia can delay and significantly improve the neurobe-
havioural symptoms.12 We subsequently showed that hypokal-
aemia was likely due to the direct inhibition of H+/K+-ATPase
by TMT in renal intercalated cells.13 The inhibition of renal
H+/K+-ATPase by TMT can disrupt the regulation of urinary
pH and alter electrolyte concentrations and deposition in the
kidney and urinary tract, which are known risk factors for
crystal deposition and kidney stones formation.23

To examine the possible health impact of chronic TMTexpos-
ure on the risk of developing nephrolithiasis, we conducted a
cross-sectional study with 216 TMT exposed workers and 119
unexposed controls.

METHODS
Occupational setting
Guangdong Province in China is located in the southeastern of
China, and has become a manufacturing hub during the last
30 years. From 1994 to 2008, there were at least 20 published
reports of acute occupational accidents involving methyltin
exposures in this region12 13 (figure 1). We identified two plants
located in the city of Qingyuan, Guangdong, which use methyl-
tins as the heat stabiliser for PVC production to manufacture
plastic window blinds. During the last couple of years, three
accidents involving acute methyltin exposures occurred in these
plants. With support from the local health department and the
administrative team in these factories, we conducted an initial
monitoring of TMT levels in the two plants. The TMT air level
in these factories ranged from below the limit of detection
(LOD, 0.00001 mg/m3) to 0.0463 mg/m3. The median concen-
tration of TMT in the air was 0.00365 mg/m3. In the USA, the
occupational exposure limits for methyltins have not been
established. The The National Institute for Occupational Safety
and Health (NIOSH) recommended exposure limits for all orga-
notin compounds, including methyltins, are 0.1 mg/m3 (permis-
sible concentration-time weighted average; PC-TWA) and
0.2 mg/m3 (permissible concentration-short term exposure
limit, PC-STEL). In China, to protect workers from acute neuro-
toxicity caused by TMT, it has been recently recommended that

the TMTexposure in the Chinese workplace should be reduced
to 0.0080 mg/m3 (PC-TWA) and 0.0160 mg/m3 (PC-STEL).
While initial air monitoring suggests that the workers in the two
plants in Qingyuan, Guangdong, were exposed to a range of
TMT levels, the exposures were generally below the limits estab-
lished in the USA and in China. We selected a control population
from an air conditioner manufacturing plant located in the same
city as plants with TMT exposures. Noise is the known major
environmental hazard in this plant. Our initial evaluation indi-
cated that the demographic and socioeconomic characteristics of
workers in this plant are comparable with the workers in the
plants with TMTexposures. Detailed monitoring and analysis of
air collected from the control workplace showed TMT concen-
trations below the LOD.

Characteristics of study subjects
This study was approved by the Institutional Review Boards at
the Guangdong Poisoning Control Center, participation was vol-
untary and written informed consent was obtained before the
study. All exposed workers had to meet one inclusion criteria:
they should have worked for at least the previous 3 months in
the same plant. Exclusion criteria for both TMT exposed and
control workers were a history of neurobehavioural disorders,
being previously diagnosed with kidney disease, as well as previ-
ous occupations with notable exposure to lead, cadmium and
other metals, which are associated with an increased risk of
nephrotoxicity. A total of 223 manufacturing workers were
recruited from the two plants with TMT exposures. Only one
worker did not meet all the criteria and was excluded from the
study. Of the 222 workers who agreed to participate in the
study and signed the consent form, 216 workers participated in
the clinical examination, completed the entire questionnaire and
provided blood and urine samples. All 119 manufacturing
workers recruited from the control factory met the selective cri-
teria, finished the questionnaire and the clinical examination.
Thus, the participation rates for exposed and control groups
were 97% and 100%, respectively. On the scheduled dates for
clinical examinations, interviewers, physicians, ultrasound tech-
nicians and registered nurses from Guangdong Poison Control
Center (Guangdong Province Hospital for Occupational Disease
Prevention) went to the factories and conducted the interview
and clinical examination. All participants were assigned a
unique identification number and administered a questionnaire

Figure 1 Methyltin poisoning accidents reported in Guangdong, China (1994–2008). Red dots indicate the accident locations during 1994–2008,
and the present investigation was conducted in the City of Qingyuan marked by the blue circle.
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by trained interviewers requesting information on their demo-
graphic characteristics, occupational history, environmental
exposures, medical history and current medication use. Both
exposed and control workers in the study underwent a routine
clinical examination including ultrasonography screening for
kidney stones. Ultrasonographic results were later interpreted by
physicians who were blind to the exposure status of the individ-
ual, as only an assigned identification number was associated
with each participant. Two diagnostic criteria were used to
define the presence of nephrolithiasis, (1) direct visualisation of
the stone on the ultrasonography and (2) the presence of stones
≥4 mm in diameter. At the end of one work shift (8 h), 10 ml
of blood with or without anticoagulant and 20 ml urine were
collected from all study participants.

Exposure assessment and measurement of air, urinary and
blood plasma TMT by gas chromatography-mass spectrometry
Although no TMTwas detected in the air of the control plant,
all study subjects in the TMT exposure and control factories
carried the OSHA Versatile Personal Air Sampler to determine
the individual TMT exposure levels in an 8 h work shift.
Personal air samples, plasma and urine were analysed for TMT
using the gas chromatography-mass spectrometry method previ-
ously described.24 Each collected specimen was given an identi-
fication number, which did not include any information about
the exposure status of the individuals. The laboratory techni-
cians who performed the TMT analyses were thus blinded to
the exposure status of the individuals who provided the speci-
mens. Briefly, following extraction and derivatisation of the col-
lected air, plasma and urine samples, a 1.0 ml sample was
analysed using an Agilent 6890N gas chromatograph connected
to an Agilent 5973 MSD mass spectrometer with a chemical
ionisation source (Agilent, USA). The relative extraction effi-
ciency was 91.5%–101.9%.

Statistical analysis
The t test for continuous variables or Fisher exact test for cat-
egorical variables was used to compare the differences between
TMTexposed and non-exposed groups. Logistic regression ana-
lysis was used to estimate ORs and 95% CIs for kidney stones
relative to potential risk factors. All models were adjusted for
age and gender in the analysis. Trend tests were performed by
including the ordinal variable in the model. TMT exposure
levels at the workplace (individual TMT air levels) and urinary
TMT concentrations were categorised into low- and high-groups
based on the median levels among exposed workers, while
blood TMT concentrations were categorised into low (below

LOD) and high (above LOD) groups due to a large number of
workers with a TMT level below the LOD. The length of
employment was categorised into three similar-sized groups,
3 months−<3 years, 3–10 years and >10 years. All statistical
tests were two-sided and considered statistically significant for p
< 0.05. Statistical analyses were conducted using SAS software
V.9.3 (SAS Institute, Inc., Cary, North Carolina, USA).

RESULTS
Demographic and TMTexposure characteristics of study partici-
pants are summarised in table 1. The median (10th, 90th per-
centile) individual TMT air levels collected from personal
samplers in the methyltin-containing window curtain plants was
0.013 (0.008, 0.028) mg/m3, expressed as an 8 h time-weighted
average. Workers from the window curtain plants had mean
plasma TMT and creatine adjusted urine TMT levels of
0.016 mg/ml and 12.73 mg/g creatine, respectively. The spear-
man correlation coefficient between the individual TMT air
levels and the levels of TMT in paired plasma and urine speci-
mens was 0.49 and 0.26, respectively. A relatively good correl-
ation of 0.79 was found between the levels of TMT in paired
plasma and urine specimens. All specimens (air, plasma and
urine) obtained from subjects in the control air conditioner
plant had TMT levels below the LOD (table 1). Exposed
workers from the window blind plants were older than non-
exposed workers (mean age 36 vs 29 years). There were more
male than female workers in both groups (table 1).

Clinical and laboratory examination results from all subjects
are presented in table 2. Relative to control workers, the TMT
exposed workers were more likely to have certain clinical symp-
toms or abnormal laboratory tests, including hypertension, gall-
stones, kidney stones, abnormal ECG, low haemoglobin count,
elevated aspartate aminotransferase activity and urine occult
blood. Hepatomegaly was the only condition that was signifi-
cantly higher in the control group (5.04%) than in the TMT
exposure group (0.46%). The prevalence of kidney stones deter-
mined by abdominal ultrasonography was 18.06% in TMT
exposed workers, which was threefold greater than that of
control workers (5.88%) (p<0.01).

Statistically significant positive associations were observed for
the risk of kidney stones with increased TMT levels in personal
air samples, blood and urine (table 3). Compared with non-
exposed control workers, ORs for kidney stones were 2.87 and
4.10 for workers with TMT air levels below and equal to or
above the median level of 0.013 mg/m3, respectively
(p trend=0.005). Similarly, ORs were 2.45 and 5.67 for
exposed workers with blood TMT concentrations below and

Table 1 Demographic and TMT exposure characteristics of study participants

Trimethyltin (TMT)
exposure

Study
subjects (n) TMT air level (mg/m3)†

Blood plasma TMT
level (mg/ml)

Urine TMT adjusted for
creatine (mg/g Cr) Age* (years)

Gender*

Male Female

Controls 119 Below LOD‡ Below LOD Below LOD 29.07±7.42§ 115 (96.64)¶ 4 (3.36)¶
Exposed 216 0.013 (0.008, 0.028)** 0.016 (Below LOD,

0.264)††
12.730 (Below LOD,
211.817)††

36.18±6.83§ 152 (70.37)¶ 64 (29.63)¶

*p<0.05.
†An 8-h time-weighted average based on arithmetic mean of individual air exposure measurements.
‡Limit of detection (LOD) (0.00001 mg/m3).
§Mean±SD.
¶Subject number (%).
**Median value of personal TMT air exposure level (10th, 90th percentiles).
††Mean (range).
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Table 2 Symptoms and abnormal laboratory test results from clinical examinations among study participants

Symptoms and laboratory test

Control (119 subjects) TMT exposure (216 subjects)

Number of subjects % Number of subjects %

Blood pressure
Prehypertension (systolic, >120 and ≤140 mm Hg) 4 3.36 1 0.46
Hypertension (systolic, >140 mm Hg)** 0 13 6.02

Abdominal ultrasonography
Fatty liver 9 7.56 8 3.70

Hepatomegaly** 6 5.04 1 0.46
Gallstones in the bile duct* 3 2.52 19 8.80
Kidney stones** 7 5.88 39 18.06
Splenomegaly 2 1.68 4 1.85
Renal cyst 1 0.84 8 3.70

Electrocardiography
Abnormal ECG** 3 2.52 22 10.19

Blood count
Low white blood cell count (<4×109/l) 8 6.72 8 3.70
High white blood cell count (>10×109/l) 2 1.68 13 6.02
Low red blood cell count (male <4×1012/l, female <3.5×1012/l) 0 2 0.93
High red blood cell count (male >5.9×1012/l, female >5.5×1012/l) 9 7.56 11 5.09
Low haemoglobin count (male <130 g/l, female <120 g/l)*** 2 1.68 34 15.74
High haemoglobin count (male >162 g/l, female >152 g/l) 9 7.56 20 9.26

Liver function
Alanine aminotransferase (>40 U/l) 6 5.04 14 6.48
Aspartate aminotransferase (>41 U/l) ** 5 4.20 39 18.06

Urinalysis
Urine occult blood* 2 1.68 16 7.41
Protein 3 2.52 3 1.39
Ketone bodies 0 4 1.85

* p<0.05, ** p<0.01 and *** p<0.001.
TMT, trimethyltin.

Table 3 Associations of TMT exposure at the work place (personal air level), blood and urinary TMT concentrations, and length of employment
in plants with TMT exposure with the risk of developing kidney stones relative to controls in an air conditioning plant

Number of subjects OR (95% CI)* p Trend

Individual TMT air exposure levels (mg/m3)†
Controls (<LOD) 119 1 0.005
Low, <0.013 mg/m3 135 2.87 (1.04 to 7.92)
High, ≥0.013 mg/m3 81 4.10 (1.52 to 11.04)
Blood TMT levels (μg/ml)
Controls (<LOD) 119 1 0.008
Low, < LOD 155 2.45 (0.90 to 6.65)
High, ≥ LOD 61 5.67 (2.03 to 15.87)
Urine TMT levels adjusted for urinary creatine (mg/g Cr)
Controls (<LOD) 119 1 0.002
Low, <3.30 108 2.58 (0.94 to 7.10)
High, ≥3.30 108 4.40 (1.68 to 11.51)
Length of employment in the plants with TMT exposure
Controls, 0 years 119 1 0.001
3 months—<3 years 67 2.66 (0.93 to 7.65)
3–<10 years 73 3.72 (1.30 to 10.67)

≥10 years 76 7.89 (2.21 to 28.15)

*Models were adjusted for age and gender.
†An 8-h time-weighted average based on arithmetic mean of individual TMT air exposure measurements.
LOD, limit of detection; TMT, trimethyltin.
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equal to or above LOD, respectively (p trend=0.008), and
ORs were 2.58 and 4.40 for exposed workers with urine TMT
concentrations below and equal or above the median level of
3.30 μg/g Cr (p trend=0.002). The length of employment at the
window blind plants with TMT exposures was also strongly posi-
tively associated with the development of kidney stones
(p trend=0.001) with ORs of 2.66 (95% CI 0.93 to 7.65), 3.72
(95% CI 1.30 to 10.67) and 7.89 (95% CI 2.21 to 28.15) for
workers employed at the plant for <3 years, 3−<10 years and
10 or more years compared with non-exposed control workers,
respectively.

Associations of kidney stones with the magnitude of exposure
to TMT were similar, but generally weaker, when the analysis
was restricted to TMT exposed workers from the window blind
plants (table 4). In a comparison of exposed workers with high
versus low TMT levels, the OR was 1.32 (95% CI 0.58 to 3.04)
for high TMT exposure at the workplace (personal air level),
1.65 (95% CI 0.79 to 3.42) for urine levels and 2.15 (95% CI
0.92 to 5.02) for blood levels. The length of employment (years
worked at the plant) was marginally significantly associated with
kidney stones (p trend=0.05). Compared with workers with
<3 years of employment, ORs were 1.42 (95% CI 0.54 to
3.70) for those employed 3−<10 years and 3.35 (95% CI 1.03
to 10.94) for those employed 10 or more years at the plants.

DISCUSSION
The prevalence of renal stones in adults has increased signifi-
cantly in recent years;3 4 however, the factors contributing to
this change are unclear. Evidence suggests that environmental,
rather than genetic, factors may contribute to the relatively
recent increase in the prevalence of this disease.2 3 In this cross-
sectional analysis of workers with or without TMT exposures,
we observed that workers with a relatively low level of occupa-
tional TMT exposure were more likely to have kidney stones.
This condition was especially prevalent among those with a
long duration of employment in the window blind plant, which
suggests that long-term chronic occupational and potentially
environmental TMT exposures may have nephrotoxic effects
that warrant further investigation.

There has been an increase in the prevalence of kidney stones
in the USA and other countries and currently about 9% of
Americans will develop kidney stones at some time in their life.6

In China, although there are no national data available on the
prevalence of kidney stones, the prevalence in Guangdong
Province, a heavily industrialised region where this study was
conducted, was estimated to be 5%–8%.25 We showed that the
non-exposed workers from an air conditioner plant had a
kidney stone prevalence of 5.88%, being very close to the
average prevalence rate in the region. However, TMT exposed
workers from the window blind plant had a 18.06% prevalence
of kidney stones, which was about threefold higher than the
non-exposed reference group. More importantly, when adjusted
for age and gender, the presence of kidney stones was signifi-
cantly associated with TMT levels in the personal air samples
from the workplace, and with TMT levels in the blood and
urine. In addition, chronic TMT exposure, represented by years
employed at the plants with TMT exposures, appears to be a
strong factor for increasing the prevalence of kidney stones.
While a previous rat study has indicated that acute TMT expos-
ure may compromise renal function,26 this is the first study to
demonstrate an association between TMTexposure in the work-
place and an increased risk of nephrolithiasis.

Besides the increased prevalence of kidney stones, the preva-
lence of hypertension, gallstones, abnormal ECG, low haemo-
globin count, elevated liver aspartate aminotransferase activity
and urine occult blood were also significantly higher in TMT
exposed workers compared with non-exposed workers. To the
best of our knowledge, this is also the first study to report a
number of chronic health effects associated with human expo-
sures to TMT or other methyltin compounds. However, these
findings need to be confirmed by other studies.

The main application of methyltin compounds is to make
methyltin mercaptide heat stabilisers for processing PVC.
Methyltin-stabilised PVC has a wide range of applications
including packaging material, piping of portable water and
drainage water, window frames and coating materials. The
unconjugated methyltin compounds, for example, MMT, DMT
and TMTs, can be leached from various methyltin-stabilised

Table 4 Associations of TMT exposure in the work place (personal air level), blood and urinary TMT concentrations, and length of employment
with risk of developing kidney stones among TMT exposed workers

Workers without kidney stone (n=177) Workers with kidney stone (n=39) OR (95% CI)* p Value

Personal TMT air exposure levels†
Low, <0.013 mg/m3 112 23 1.00
High, ≥0.013 mg/m3 65 16 1.32 (0.58 to 3.04) 0.51

Blood TMT level
Low, <LOD 131 24 1.00
High, ≥LOD 46 15 2.15 (0.92 to 5.02) 0.08

Urine TMT levels adjusted for urinary creatine (μg/g Cr)
Low, <3.30 94 14 1.00
High, ≥3.30 83 25 1.65 (0.79 to 3.42) 0.18

Length of employment‡
3 months-<3 years 58 9 1.00
3–<10 years 61 12 1.42 (0.54 to 3.70) 0.53
≥10 years 58 18 3.35 (1.03 to 10.94) 0.04

p trend=0.05
Continuous per year 1.07 (0.99 to 1.17) 0.10

*Models were adjusted for age and gender.
†An 8 h time-weighted average based on arithmetic mean of individual TMT air exposure measurements (the range).
‡Median length (10th, 90th percentiles).
LOD, limit of detection; TMT, trimethyltin.
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PVC materials. For example, studies have examined the extrac-
tion (leaching) of organotin stabilisers from commercial PVC
pipes into flowing water and found that an initial concentration
of organotin in water can reach as high as 35 mg total tin/litre of
water (Sn/l).27 The leaching of organotins are then reduced and
keep at a constant rate of release of about 1 mg Sn/l.9 With the
widespread use of PVC pipes in water transportation systems,
methyltin compounds can now be found in various environmen-
tal media and ecosystems.9 28 29 For example, a study showed
that organotin levels in residential drinking water using PVC
pipes was 0.49 μg Sn/l.30 The level of organotin compounds
(including TMT) in a drinking water reservoir can be up to
0.38 μg Sn/l, while 0.02 μg Sn/l were found in a river down-
stream from this reservoir.29 Thus, the widespread use of
methyltin-stabilised PVC heightens concerns of the nephrotoxic
potential posed by occupational and environmental exposures.

The current study has some limitations that need to be addressed
in future studies. The TMT exposure levels at the workplace (air
level) and the TMT in blood and urine were assessed at one-time
point, and this may not reflect exposures throughout the year or
consider that the employees may work in several locations within
the plant on an as needed basis during a given day or month.
However, a significant positive trend for kidney stones was
observed for those with higher exposure measures compared with
those with lower exposure levels. The study did not collect other
information such as diet and height and weight (body mass index)
and so these factors could not be included in the multivariable-
adjusted analyses. Future studies should be designed to have a more
accurate exposure assessment, including multiple measurements
and time points and more detailed history of worker tasks, and
other factors which can modify exposure. In addition, given the
small scale and exploratory nature of this study, the investigation
was focused on kidney stones, but clearly it would be useful to
include other tests and parameters that can comprehensively evalu-
ate the status of the kidney and the entire renal system.

In summary, this study provides evidence that occupational
TMT exposure was associated with an increased prevalence of
kidney stones. Positive associations were observed between TMT
exposure levels at the workplace or length of employment and the
development of kidney stones. These results suggested that long-
term occupational TMTexposures at low air levels, relative to the
national recommended permissible standards, may increase the risk
of developing kidney stones. Future larger and more comprehen-
sive studies are needed to confirm these findings.

What this paper adds

▸ The prevalence of nephrolithiasis (kidney stones) is
increasing over time globally and environmental exposures
have been suggested to be a contributing cause.

▸ Trimethyltin (TMT) exposure inhibits H+/K+ ATPase and leads
to an increase of urinary pH levels, which is a known risk
factor for nephrolithiasis. However, the association between
TMT exposure and nephrolithiasis is unclear and has not
been previously investigated.

▸ Workers with TMT exposure showed an increased risk of
developing nephrolithiasis. A significant positive trend was
observed for an increased prevalence of nephrolithiasis with
increased TMT exposure levels and length of employment in
plants with elevated TMT air levels.

▸ TMT should be considered as a potential risk factor for
nephrolithiasis and other nephrotoxicity.
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