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Long-Term Low-Level Ozone Exposure and
Type 2 Diabetes Risk

Type 2 diabetes mellitus (T2DM) is a
major global health challenge, affecting over
500 million people worldwide and contributing
to significant morbidity and mortality.
Traditionally, T2DM has been linked to
genetic predisposition, lifestyle factors, and
obesity. However, emerging evidence
suggests that environmental exposures,
particularly air pollution, play a critical role in
metabolic health. While particulate matter
(PM, ) has been widely studied, ozone (O,),
a secondary pollutant formed by
photochemical reactions of nitrogen oxides
and volatile organic compounds, is
increasingly recognized as a potential
contributor to metabolic disorders.

Unlike PM, ., ozone levels often rise in
urban areas due to industrialization and
traffic emissions. Previous studies in North
America and Europe have hinted at an
association between O, exposure and
diabetes, but evidence from Asian
populations remains limited. Moreover, most
research has focused on high O,
concentrations, leaving the long-term effects
of low-level exposure, below the World
Health Organization (WHO) guideline of 100
pg/m3, largely unexplored. This study
addresses that gap by examining whether
chronic exposure to low-level O, increases
the risk of T2DM and affects glycemic control
in a relatively clean-air region of Southwest
China.

The analysis utilized data from the
Guizhou Population Health Cohort Study
(GPHCS), which enrolled 9,280 adults
between 2010 and 2012 and followed them
until 2020. After exclusions, 7,317 participants
aged 18-95 years were included, with a
median follow-up of 6.58 years. O, exposure

was assessed using high-resolution
spatiotemporal models, calculating the
average maximum daily 8-hour ozone
concentration (MDABS) for three periods (2, 4,
and 6 years before baseline). The mean O,
concentration was 67.23 pg/m3, well below
WHO limits.

Incident T2DM was identified through
clinical diagnosis, medication use, or
elevated fasting blood glucose (FBG = 7.0
mmol/L) and 2-hour postprandial glucose
(PBG = 11.1 mmol/L). Statistical analyses
included time-dependent Cox regression for
T2DM incidence and generalized linear
models (GLM) for glycemic levels, adjusting
for demographic, lifestyle, and clinical
covariates, as well as co-pollutants (PM
and temperature.
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Over the follow-up period, 763
participants developed type 2 diabetes,
reflecting a notable increase in disease
occurrence within the cohort. The analysis
showed that greater exposure to ozone over
several years was linked to a higher likelihood
of developing diabetes. This relationship was
consistent across different time windows,
even after accounting for other factors such
as fine particulate matter and temperature.

In addition to disease incidence, long-
term ozone exposure was associated with
elevated fasting blood glucose levels,
indicating a potential impact on overall
glycemic control. However, no clear link was
observed with postprandial glucose levels.

When the data were examined by
population subgroups, the effect of ozone
appeared stronger among Han Chinese
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Pesticide Effects on Cellular Respiration: Reliability of Toxicity Evaluation

Pesticides are vital for modern
agriculture and global food security, yet
their widespread use raises concerns
about long-term health risks. Current
safety evaluations often rely on
conventional in vitro models that fail to
mimic physiological conditions, potentially
leading to misleading conclusions.
Standard cell cultures use nutrient-rich
synthetic media and ambient oxygen,
conditions far differed from human
tissues. These discrepancies can alter
metabolism and antioxidant defenses,
masking pesticide toxicity.

Mitochondria, the cell's energy
hub, are highly sensitive to environmental
changes. Disruption of oxidative
phosphorylation (OxPhos) can trigger
energy deficits, oxidative stress, and
inflammation, hallmarks of chronic
disease. Evidence suggests that even
low pesticide doses, considered safe,
may induce subtle metabolic shifts over
time. Accurate risk assessment requires
testing under realistic conditions.

This study examined pesticide
toxicity under physiologically relevant
growth conditions. It evaluates how
media composition and oxygen tension

influence pesticide-induced mitochondrial
dysfunction, offering insights to improve
toxicity testing and regulatory standards.

Two human cell lines (Caco-2 and
HepG2) were exposed for four days to
low doses of boscalid (fungicide),
glyphosate (herbicide, Roundup), and
NeemAzal (insecticide). High-resolution
respirometry  detected mitochondrial
changes. Cells were grown in conventional
DMEM or Plasmax (plasma-like medium)
under normoxia (19%) and physoxia
(5%) to simulate tissue oxygen levels.

Growth conditions strongly
influenced toxicity. Boscalid caused the
greatest  mitochondrial impairment,
reducing ATP-linked respiration and
disrupting complexes | and Il. Glyphosate
and Roundup compromised OxPhos
and increased non-mitochondrial oxygen
consumption, indicating oxidative stress.
NeemAzal showed minimal impact under
standard conditions but altered redox
balance under physiological parameters.
Effects were stronger in Plasmax than
DMEM, suggesting conventional systems
may conceal early disruptions. Lower
oxygen (physoxia) partially mitigated
mitochondrial decline compared to normoxia,

highlighting how supraphysiological oxygen
can distort results.

Toxicity assessments based only
on cell viability risk overlooking early
metabolic damage. Even low pesticide
doses, similar to those found in food,
can impair mitochondrial function under
realistic conditions. Incorporating
plasma-like media and tissue-level
oxygen is essential for reliable testing.
Improved models help identify hidden
risks, guide safer pesticide use, and
protect public health.

In conclusion, pesticide toxicity is
context-dependent. Conventional culture
systems may underestimate true health
impacts. Physiologically relevant conditions
amplify detection of mitochondrial
dysfunction, underscoring the need for
updated protocols.

Future studies should integrate
long-term exposure, biomarker-based
assessments, and mixture toxicity
analysis to better predict real-world risks.

Source: Environmental
Pharmacology, Vol.
104675, April 2025.
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individuals and those living in urban
areas, suggesting that both ethnicity and
living environment may influence
vulnerability to ozone-related metabolic
changes.

This study provides compelling
evidence that even low-level O, exposure,
below current air quality standards, can
adversely affect metabolic health.
Potential mechanisms include oxidative
stress, systemic inflammation, and
disruption of insulin signaling pathways.

Animal studies support these
findings, showing that O, exposure
induces endoplasmic reticulum stress,
activates c-Jun N-terminal kinase (JNK),
and impairs glucose tolerance. Elevated
C-reactive protein and lipid peroxidation
markers observed in prior research

further  underscore the role of
inflammation in mediating these effects.

The stronger association in urban
populations may reflect higher traffic-
related emissions and lifestyle factors,
while ethnic differences could be linked
to genetic susceptibility and dietary
patterns. These findings challenge the
adequacy of current air quality guidelines
and highlight the need for stricter
standards, even in regions with relatively
low pollution.

Given the rising prevalence of
diabetes and the ubiquity of ozone
pollution, these results have significant
policy implications. Strategies should
include stricter air quality regulations,
urban planning to reduce ozone
precursors, and targeted interventions
for high-risk groups. Clinicians should

consider environmental exposures in
diabetes prevention programs, and
further research should explore the
combined effects of multiple pollutants
and genetic factors.

In summary, long-term exposure to
low-level ozone significantly increases
the risk of T2DM and elevates fasting
glucose levels, even at concentrations
below WHO guidelines. These findings
underscore the importance of revising air
quality standards and implementing
comprehensive public health measures
to mitigate the metabolic risks posed by
ambient ozone.

Source: Ecotoxicology and Environmental
Safety, Vol. 293, Article 118028,
March 2025.
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Copper-Enriched Automobile Brake Wear Particles:
A Hidden Threat to Lung Health

Air pollution is the leading
environmental risk factor for global
morbidity and mortality, with fine
particulate matter (PM,,) implicated
in millions of premature deaths
annually. While diesel exhaust PM
has been extensively studied and

regulated, non-exhaust  sources
(particularly brake wear) remain
poorly understood and largely

unregulated.

Brake wear contributes up to
55% of non-exhaust PM mass and is
predicted to rise with heavier electric
vehicles. Unlike exhaust emissions,
brake wear particles are chemically
heterogeneous, often enriched with
metals such as copper, which is
widely used in non-asbestos organic
(NAO) and ceramic brake pads to
improve thermal conductivity.

The present study aimed to
determine whether copper enrichment
in brake wear particles drives toxicity
in human alveolar epithelial cells.

Brake wear PM, —PM, ~ was
generated from four pad types (low-
metallic, semi-metallic with limited
copper, NAO, and ceramic) under
controlled laboratory  conditions.
Diesel exhaust PM served as a
comparator. Human alveolar type-l|
epithelial cells, a critical site for PM
deposition and lung repair, were
exposed to non-cytotoxic concen-
trations of PM for 24 hours.

Researchers employed RNA-
Seq for transcriptomic profiling,
metabolic assays to assess glycolytic
shifts, ICP-MS  for elemental
composition, and reporter assays to
examine hypoxia-inducible factor
(HIF) activation. Oxidative stress,
inflammatory signaling, and metal
homeostasis were evaluated through
ROS measurements, cytokine
release, and metallothionein gene
expression.

Copper-enriched brake wear
PM (NAO and ceramic) induced the
most pronounced biological effects,
surpassing those of diesel PM. These
particles triggered significant
oxidative stress, evidenced by
elevated ROS and upregulation of
antioxidant genes (HMOX1, GCLM,).
Transcriptomic  analysis  revealed
over 2,000 differentially expressed
genes, with strong activation of NF-
kB signaling and pro-inflammatory
cytokine release (IL-6, IL-8).

Metabolic profiling showed a
shift toward glycolysis, reducing
oxidative phosphorylation, a hallmark
of stress adaptation. Metallothionein
genes (MT1G, MT2A) were highly
upregulated, reflecting disrupted
metal homeostasis driven by
intracellular copper accumulation.

Elemental analysis confirmed
copper concentrations up to 300-fold
higher in NAO and ceramic PM than
in diesel PM. Chelation experiments
abolished oxidative stress and
inflammatory responses, establishing
copper as the primary toxic agent.

Furthermore, copper-induced
oxidative stress inhibited Factor
Inhibiting HIF (FIH), stabilizing HIF-1o
and activating hypoxia-responsive
genes (VEGFA, SLC2A1) under
normoxic conditions, a process
known as pseudohypoxic signaling
implicated in fibrosis and cancer
progression.

Copper is not merely a
compositional marker of brake wear
PM but a mechanistic driver of
toxicity. Its ability to catalyze ROS
formation and disrupt redox balance
initiates a cascade of cellular stress
responses, including inflammation
and metabolic reprogramming. The
observed pseudohypoxic activation
of HIF pathways under normoxic
conditions is particularly concerning,
as this mechanism is linked to tissue
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remodeling, fibrosis, and tumor

progression.

These findings suggest that
chronic exposure to copper-rich PM
could contribute to pulmonary fibrosis,
chronic obstructive pulmonary disease
(COPD), and even lung cancer in non-
smokers. Beyond respiratory health,
systemic dissemination of copper-
containing particles may exacerbate

cardio-vascular  disease through

endothelial dysfunction and

inflammatory signaling.
Epidemiological evidence

supports these mechanistic insights,
with studies associating PM copper
with acute declines in lung function
and increased hospital admissions for
cardiopulmonary conditions.

The results also underscore the
need for advanced in vitro models
and long-term exposure studies to
capture cumulative effects and
interactions with other pollutants.

In conclusion, copper-enriched
brake wear particles disrupt alveolar
cellular homeostasis through oxidative
stress, inflammation, metabolic
reprogramming, and pseudohypoxic
signaling. These effects exceed those
of diesel PM, challenging assumptions
about PM toxicity and highlighting the
need for composition-specific regulation.

Current legislation focusing
solely on exhaust emissions is
insufficient to mitigate health risks.
Targeted strategies to reduce copper
content in brake pads and develop

alternative friction materials are
essential.

Future research should
incorporate long-term exposure

models and real-world PM mixtures
to better predict chronic health
outcomes.

Source: Particle and Fibre Toxicology,
Vol. 22, Article 4, February 2025.




[ Air Pollution and Digestive Diseases: An Umbrella Review ]

Air pollution, particularly fine
particulate matter (PM, ), is one of the
leading global risk factors for disease
burden. While its association with
respiratory and cardiovascular diseases
is well established, its impact on digestive
health has remained less clear.

This umbrella review aimed to
synthesize evidence from published
meta-analyses to evaluate the
relationship between air pollution and
digestive diseases and to assess the
methodological and evidence quality of
these analyses.

A systematic literature search
identified nine meta-analyses comprising
43 primary studies, with a high degree of
overlap among them. The methodological
quality of these meta-analyses ranged
from critically low to moderate, and the
certainty of evidence was generally very
low to moderate. PM, , was the primary
pollutant investigated, while other
pollutants such as NOx were rarely
assessed. The outcomes included liver
diseases, gastrointestinal cancers, and
pancreatic disorders.

The findings suggest that PM,
exposure is significantly associated with
several liver-related outcomes, including
liver dysfunction, chronic liver disease,
and liver cancer. Associations were also
observed for colorectal cancer, indicating
a possible dose-response relationship. In
contrast, evidence for esophageal
cancer, gastric cancer, and pancreatic
cancer was inconsistent and generally
not statistically significant.

Mechanistic studies support these
associations, showing that PM,. can
induce oxidative stress, systemic
inflammation, and DNA damage, disrupt
lipid metabolism, and alter gut microbiota.
These processes may impair the gut-liver
axis, promote fibrosis, and contribute to
carcinogenesis.

Despite these findings, most
evidence was graded as very low or low
quality due to methodological limitations,
high  heterogeneity, and potential
publication bias. Many meta-analyses
lacked preregistered protocols,
comprehensive search strategies, and
robust risk-of-bias assessments.
Furthermore, the majority of studies

focused on PM, , leaving gaps regarding
other pollutants such as ozone, SO,, and
NO,. Geographic representation was
limited to Asia, Europe, and the Americas,
reducing generalizability.

In conclusion, current evidence
suggests that PM,, exposure may
increase the risk of liver dysfunction,
chronic liver disease, liver cancer, and
colorectal cancer, with indications of
dose-dependent effects. However, given
the heterogeneity and methodological
shortcomings of existing meta-analyses,
these associations should be interpreted
with caution.

Future research should adopt
rigorous designs, explore combined
effects of multiple pollutants, and consider
interactions with lifestyle and genetic
factors. Improved exposure assessment
and comprehensive confounding control
will be essential to provide more robust
evidence and inform public health
strategies.

Source: BMC Public Health, Vol. 25, Article
183, January 2025.

‘ Exposure to Drinking Water Trihalomethanes and Cancer Risk ‘|

Ensuring safe drinking water is a
fundamental public health priority, yet
the methods used to disinfect water can
introduce chemical hazards. Chlorination,
the most widely adopted disinfection
method worldwide, effectively prevents
waterborne infections but produces
disinfection by-products when chlorine
reacts with natural organic matter in raw
water. Among these by-products,
trihalomethanes  (THMs), including
chloroform, bromoform, bromodichloro-
methane, and chlorodibromomethane,
are the most common.

Laboratory studies have
demonstrated that three of these
compounds are genotoxic and all four
are rodent carcinogens, raising concerns
about their potential role in human
cancer.

Current regulations set maximum
allowable THM  concentrations at
80 ug/L in the United States and 100 pg/L

in the European Union. These limits are
based on toxicological evidence, but
whether they adequately protect against
cancer risk in humans remains uncertain.

Previous epidemiologic studies,
primarily case-control designs, have
suggested possible associations
between THM exposure and cancers of
the bladder and colorectum, but findings
have been inconsistent. Earlier pooled
analyses indicated elevated risks for
bladder and colorectal cancers at higher
exposure levels, yet these reviews
lacked systematic methodology and did
not incorporate newer studies with
improved exposure assessment or
prospective designs.

To address these gaps, this study
conducted a systematic review and dose-
response meta-analysis of epidemiologic
evidence on THM exposure through
residential drinking water and cancer risk.

The literature search resulted in
2,022 records, of which 29 publications
met inclusion criteria, covering 14 cancer
sites. The primary outcomes were
bladder and colorectal cancer, while
other cancers were summarized
qualitatively.

Eligible studies included adult
populations with at least two years of
exposure data and reported risk
estimates for THM concentrations.
Exposure was defined as quantitative
measures of THMs in residential drinking
water, typically estimated from
monitoring data linked to participants’
addresses.

Analysis of the evidence indicated
that higher exposure to THMs in drinking
water was associated with an increased
risk of bladder cancer. Dose-response
analysis revealed a threshold effect, with

(Continued on page 5)
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Childhood Cancer and Pesticide Exposure: Evidence from Nebraska

Childhood cancer remains a
leading cause of mortality among
children worldwide, and its incidence
continues to rise. Environmental
exposures, particularly pesticides, have
long been suspected as risk factors for
pediatric cancers such as leukemia and
central nervous system (CNS) tumors.
Children are uniquely vulnerable due to
physiological differences and behaviors
like frequent hand-to-mouth activity.
Exposure can occur through ingestion of
contaminated food and dust, inhalation,
dermal contact, and prenatal transfer via
maternal occupation or household
contamination.

Mechanistically, pesticides may
trigger oxidative stress, DNA damage,
and chromosomal rearrangements,
initiating oncogenic processes. Certain
compounds act as endocrine disruptors
or impair immune function, while others
promote inflammation and metabolic
dysregulation. Glyphosate, for example,
is classified as a probable human
carcinogen, and pyrethroid insecticides
such as tefluthrin have been linked to
neurotoxicity and genotoxicity. These
biological effects provide plausible
pathways for observed associations
between pesticide exposure and cancer
risk.

Nebraska reports one of the
highest age-adjusted pediatric cancer
incidence rates in the United States,
exceeding the national average.

Previous research has largely focused
on single pesticides like atrazine or
nitrates, yet real-world conditions involve
simultaneous exposure to multiple
chemicals. This study addresses that
gap by evaluating the cumulative impact
of pesticide mixtures on pediatric cancer
rates using advanced @ statistical
modeling.

Researchers analyzed pesticide
application data from 93 Nebraska
counties (1992—2014) alongside pediatric
cancer cases recorded from 1993-2015.
The analysis employed generalized
Weighted Quantile Sum (gWQS)
regression, a method designed to handle
highly correlated exposures, to estimate
the joint association between 32
commonly applied pesticides and
pediatric cancer outcomes.

Results revealed a statistically
significant positive association between
pesticide mixtures and overall pediatric
cancer, with the strongest link observed
for brain and CNS tumors, followed by
overall cancer and leukemia. Herbicides
such as dicamba, glyphosate, paraquat,
quizalofop,  triasulfuron, and the
insecticide tefluthrin contributed most to
these associations.

A 10% increase in pesticide
mixture exposure was associated with
an estimated 36% increase in brain/CNS
cancers, 23% increase in leukemia, and
30% increase in overall pediatric cancer
rates. These findings underscore the

importance of assessing chemical
mixtures rather than single compounds
when evaluating environmental cancer
risks.

This study is the first to quantify
the cumulative effect of pesticide
mixtures on pediatric cancer in
Nebraska, moving beyond single-
pollutant models. The results suggest
that mixture exposure may exert additive
or synergistic effects, amplifying cancer
risk. These findings carry significant
public health implications for
agriculturally intensive regions,
highlighting the need for integrated
pesticide management and stricter
exposure controls.

In  conclusion, exposure to
pesticide mixtures is positively
associated with pediatric cancer risk,
particularly  brain/CNS tumors and
leukemia.

These findings emphasize the
need for regulatory frameworks that
account for combined  chemical
exposures and for future research
incorporating biomarker-based exposure
assessments. Public health interventions
should focus on reducing pesticide
exposure in vulnerable populations,
especially children living in agricultural
communities.

Source: GeoHealth, Vol. 9, Issue 2, Article
€2024GH001236, February 2025.

Exposure to Drinking Water Trihalomethanes and Cancer Risk

(Continued from page 4)

statistically significant risk at THM
concentrations of 41 pg/L and above,
levels below current regulatory limits

For colorectal cancer, the findings
suggested a modest but consistent
increase in  risk, with  stronger
associations observed among men
compared to women.

For other cancer sites, the
evidence was insufficient for firm
conclusions, although some studies
reported signals of elevated risk for
endometrial cancer and malignant
melanoma.

According to World Cancer
Research Fund criteria, the evidence for
bladder and colorectal cancer was
classified as limited-suggestive, meaning
a causal relationship is plausible but not
conclusive. Importantly, the observed
risk at concentrations below current
regulatory thresholds suggests that
existing standards may not fully protect
public health. Mechanistic data support
these findings: brominated THMs exhibit
genotoxicity, and animal studies link
them to tumors in the large intestine.

This review underscores the need
for revised risk assessments and

regulatory limits for THMs in drinking
water. Future research should prioritize
improved exposure measurement at the
individual level, consider other classes
of disinfection by-products, and explore
mixture effects. Given the ubiquity of
chlorination and the global reliance on
safe drinking water, these findings have
significant implications for environmental
health policy and cancer prevention
strategies.

Source: Environmental Health Perspectives,
Volume 133, Issue 1, Article 016001,
January 2025.
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Use of Mobile and Cordless Phones and Prostate Cancer Risk

Radiofrequency (RF) radiation in
the 30 kHz-300 GHz range was
classified by the International Agency for
Research on Cancer (IARC) in 2011 as
a possible human carcinogen (Group
2B), based primarily on epidemiological
evidence linking mobile phone use to
glioma and acoustic neuroma. While
most research has focused on brain
tumors, animal studies indicate that RF
exposure may also affect the prostate.

The present study pooled data
from two  Swedish  case-control
investigations to explore whether mobile
and cordless phone use is associated
with prostate cancer.

The analysis included 253 prostate
cancer cases and 336 controls.
Exposure was assessed through
questionnaires on years of use, daily
duration, and cumulative hours for
mobile and cordless phones. Latency
(the time from first use to diagnosis) was
calculated, and disease severity was
evaluated using Gleason  score,
Prostate-Specific Antigen (PSA) levels,
and risk profiles.

The findings indicate that
prolonged and heavy use of mobile
phones is linked to increased prostate
cancer risk. The association
strengthened with longer latency, with
the highest risk observed after more
than a decade of use. Cordless phone
use showed a similar trend, though less
consistent. Greater cumulative hours of
use amplified the risk, particularly for
mobile phones. Aggressive cancers,
defined by high Gleason scores and
PSA levels, were more common among
frequent users. No association was
found for low-risk cases, but intermediate
and high-risk groups showed stronger
links. Men with a family history of
prostate  cancer appeared  most
vulnerable, with combined hereditary
and phone use producing the highest
observed risk.

These results align with emerging
evidence from large-scale studies, which
also report increased prostate cancer
risk among long-term mobile phone
users. Experimental data from animal
studies support biological plausibility,
showing RF-induced proliferative

changes in prostate tissue. While
mechanisms remain unclear, hypotheses
include oxidative stress, hormonal
modulation, and DNA damage pathways
triggered by chronic RF exposure.

Given the widespread adoption of
wireless technology, from early analogue
systems to current 5G networks, the
potential public health implications are
significant. Prostate cancer is the most
common male malignancy in Sweden,
accounting for nearly one-third of cases
in 2022. Identifying modifiable risk
factors is critical, particularly as latency
and cumulative exposure appear to play
substantial roles.

This study underscores the need
for further research and precautionary
measures to reduce potential health
risks. Public health strategies should
consider RF exposure as a possible risk
factor, warranting updated safety
guidelines and informed use of wireless
devices.

Source: Fortune Journal of Health Sciences,
Vol. 8, Pages 267-273, April 2025.

Urinary B:-Microglobulin Predicts Hypertension in Cd-Exposed Adults

Hypertension is a major global
health issue, affecting one-third of adults
and driving cardiovascular and kidney
disease. While age, obesity, and lifestyle
are known risk factors, environmental
cadmium (Cd) exposure is increasingly
recognized as a contributor. Cd, found in
food and cigarette smoke, accumulates
in kidneys, the key organ for blood
pressure regulation, causing filtration
and tubular dysfunction. Even low-level
Cd exposure, once considered safe, has
been linked to chronic kidney disease
and elevated blood pressure.

B,-Microglobulin (B,M ), a protein
filtered by the glomerulus and reabsorbed
by renal tubules, is a marker of tubular
damage and may influence blood
pressure. This study examined whether
urinary B,M predicts hypertension risk in
Cd-exposed populations.

Data from 689 adults without
diabetes or occupational metal exposure
were analyzed. Participants came from

Cd-contaminated and low-exposure
areas. Urinary Cd and B,M were
measured to assess exposure and
kidney function; estimated glomerular
filtration rate (eGFR) indicated filtration
capacity. Blood pressure was recorded,
with hypertension defined as systolic
blood pressure (SBP)/diastolic blood
pressure (DBP) 2140/90 mmHg.

Hypertension  prevalence was
32.4%, and B,-microglobulinuria (=300
ug/g creatinine) occurred in 7.3%. Higher
Cd exposure increased the likelihood of
both conditions. Blood pressure rose at
lower Cd levels, while tubular damage
appeared only at higher exposures. Age
and BMI were major predictors of SBP
and DBP, but in those with reduced kidney
function (eGFR <90 mL/min/1.73 m?),
urinary B,M was strongly linked to blood
pressure. Mediation analysis showed
Cd-related hypertension was partly
driven by kidney function decline and
elevated B,M, indicating two pathways.

This study provides novel evidence
that urinary B,M but also a predictor of
blood pressure variability in Cd-exposed
populations. Blood pressure changes
preceded tubular proteinuria, highlighting
hypertension as an early indicator of
Cd toxicity. Gender differences were
observed, with stronger [,M-blood
pressure correlations in women.

Urinary B,M emerges as a valuable
biomarker for early detection of Cd-
induced cardiovascular and renal effects.

Public health strategies should
focus on reducing Cd exposure through
diet and environmental controls.

Clinically, monitoring urinary f,M
alongside eGFR may help identify
individuals at risk for hypertension and
kidney disease earlier, enabling timely
preventive measures.

Source: Journal of Xenobiotics, Vol. 15,
Issue 2, Article 49, March 2025.
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IARC: Bias Assessment in Case-Control and Cohort Studies

for Hazard Identification

The Scientific Publication, Bias
Assessment in Case-Control and
Cohort Studies for Hazard Identification
(Volume V in the IARC Statistical
Methods in Cancer Research series),
from the International Agency for
Research on Cancer (IARC) summarizes
the wide range of practical methods that
can be used by a reader or reviewer of a
publication to assess the potential impact
of  confounding, information  bias
(including differential and non-differential
exposure and outcome misclassification),
or selection bias on the results of an
epidemiological study. The methods
presented include indirect approaches,
for example negative control outcomes
or exposures and proxies, and other
approaches, such as sensitivity analyses.

The publication presents these
methods in a way that is accessible to
epidemiologists and other research

workers who do not have extensive
statistical training, as well as to
statisticians who do not have extensive
epidemiological training.

The concepts are illustrated with
numerous practical examples, taken
from cancer epidemiology, as well as
links to online code or spreadsheets.

The book also outlines the process
for integrating these bias assessments
into the evidence synthesis. The process
that is outlined uses the wide array of
methods described in the book to
consider all informative studies.

This Scientific Publication was
supported by a scientific workshop on
epidemiological bias assessment in
hazard identification with 37 scientists
from 12 countries convened by IARC and
funded in part by the United States
National Cancer Institute.

“BIAS ASSESSMENT IN

CASE-CONTROL AND
49 COHORT STUDIES FOR
HAZNB IDENTIFICATION

MAR)

IARC SCIENTIFIC

ﬁ%ﬂ PUBLICATION NO. 171
ST ;AL M IS IN CANCER RESEARCH
: VOLUME V

Source: International Agency for Research
on Cancer, Bias Assessment in
Case-Control and Cohort Studies
for Hazard Identification (IARC
Scientific Publication No. 171),
September 2024

From Contamination to Detection: The Growing Threat of Heavy Metals

Heavy metals such as lead,
mercury, cadmium, and arsenic are
persistent environmental pollutants that
accumulate in ecosystems and infiltrate
the food chain, posing severe health
risks to humans and wildlife. Unlike
biodegradable  contaminants, these
metals remain in soil, water, and air,
entering plants through roots or leaf
surfaces and ultimately reaching
consumers. Their toxicity is amplified by
their ability to induce oxidative stress,
disrupt cellular homeostasis, and damage
vital organs even at low concentrations.

Industrialization, mining, fossil fuel
combustion, and agricultural practices
have intensified contamination, with
some regions reporting soil metal
concentrations far above permissible
limits. This contamination translates into
dietary exposure, as crops grown on
polluted land accumulate metals over
time. Cadmium accounts for more than
70 percent of dietary intake from
contaminated soils, while methylmercury
biomagnifies in aquatic food chains,
reaching concentrations in predatory fish
millions of times higher than in
surrounding water.

Heavy metals exert profound
effects on the nervous and cardiovascular
systems.Leaddisruptsneurotransmission
and impairs synapse formation, leading
to cognitive deficits and behavioral
disorders even at low blood levels.
Mercury interferes with neurogenesis
and calcium signaling, contributing to
neurodegenerative diseases. Cadmium
induces oxidative stress in cerebral
microvessels, compromises the blood-
brain barrier, and promotes vascular
inflammation, increasing the risk of
hypertension ~ and  atherosclerosis.
Arsenic crosses the blood-brain barrier,
alters neurotransmitter balance, and
damages vascular endothelium,
elevating cardiovascular risk.

Accurate detection is essential for
risk assessment and policy enforcement.
Atomic absorption spectroscopy offers
simplicity and low cost but limited
sensitivity. Inductively coupled plasma
mass spectrometry provides exceptional
sensitivity at parts-per-trillion levels,
while inductively coupled plasma atomic
emission spectrometry enables multi-
element analysis. Atomic fluorescence
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spectrometry  delivers outstanding
sensitivity for mercury and arsenic.
These techniques, combined with
advanced sample preparation, form the
backbone of contamination monitoring.

International conventions aim to
curb emissions, and regions like the
European Union (EU) have achieved
significant reductions in heavy metal
(lead, mercury and cadmium) pollution
over the past decade. However,
enforcement remains inconsistent
globally. Remediation strategies include
adsorption, precipitation, phyto-
emediation, and emerging nano-
technology-based solutions, offering
scalable and eco-friendly approaches.

Heavy metal contamination is a
global health crisis. Its persistence and
bioaccumulation demand integrated
strategies combining advanced detection,
effective remediation, and stringent
regulation to safeguard ecosystems and
human health.

Source: Heliyon, Vol. 11, Artcle e41713,
January 2025.



CALENDAR OF EVENTS

International Training Courses at Chulabhorn Research Institute, Year 2025

Training Course Date Duration Closing Date
1 Fundamentals of Environmental November 10-14, 2025 5 work days August 25, 2025
Immunotoxicology and Reproductive
2 | Environmental Health Risk Assessment and December 2025 6 work days September 30, 2025
Management of Toxic Chemicals

Course Coordinator: Khunying Mathuros Ruchirawat, Ph.D.

Course Description:

Fundamentals of Environmental Immunotoxicology and Reproductive Toxicolo 10-14 November 2025

The course provides an overview of blood cells and the mammalian immune system, including a detailed description
of all three arms of the immune response, how toxic chemicals can impact normal immune system homeostasis to result
in adverse health outcomes, cellular/functional methodologies for determining the potential immunotoxicity of a given
chemical, and how immunotoxicology relates to other scientific fields such as drug development and risk assessment.

Requirement: Participants should have an understanding of the fundamental principles of toxicology, and some basic
knowledge on the biology of the immune and reproductive systems.

Environmental Health Risk Assessment and Management of Toxic Chemicals (December 2025)

The course is an integration of science and policy, and covers the principals of human health and environmental risk
assessment; the risk assessment paradigm; the risk assessment and management processes, which start from
identification of the hazard, assessment methods, the mode of action and human relevance framework, the inherent
uncertainties in each step, and the relationship between risk assessment and risk management, as well as the need for
open, transparent and participatory acceptance procedures and credible communication methods. Emphasis will be placed
on potential adverse health effects of human exposure to environmental hazards. The course also teaches the application
of risk assessment methods to various problems and describes the policy
context in which decisions to manage environmental health risks are made.
The applications of environmental impact assessment procedures for identifying
and assessing risk are also covered. Importantly, the course teaches the
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practical application of risk assessment methods to various problems using case
studies relevant to problems faced in developing countries.

Requirements: Participants should hold a bachelor’'s degree in chemistry,
biological sciences or medicine and have at least two years of work experience
and responsibilities related to the assessment of risk from exposure to
chemicals.

Fellowships:

A limited number of fellowships are available that will cover round-trip
airfare, accommodation (on site) and meals, training materials, and health
insurance.

Contact: Chulabhorn Research Institute (CRI)
54 Kamphaeng Phet 6 Rd.,

Lak Si, Bangkok 10210, Thailand
Tel: +66 2 553 8535

Fax: +66 2 553 8536

E-mail: envtox@cri.or.th
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More information and application:

Please visit - https://www.cri.or.th/academic-activities-en/activity-calendar/

Khunying Mathuros Ruchirawat, Ph.D.
Somsak Ruchirawat, Ph.D.

Jutamaad Satayavivad, Ph.D.

M.R. Jisnuson Svasti, Ph.D.

The ICEIT NEWSLETTER s
published quarterly by the International
Centre for Environmental and Industrial
Toxicology of the Chulabhorn Research
Institute. It is intended to be a source
of information to create awareness of
the problems caused by chemicals.

However, the contents and views
expressed in this newsletter do not
necessarily represent the policies of
ICEIT.

Correspondence should be
addressed to:

ICEIT NEWSLETTER

Chulabhorn Research Institute
Office of Academic Affairs

54 Kamphaeng Phet 6 Road

Lak Si, Bangkok 10210, Thailand
Tel: +66 2 553 8535

Fax: +66 2 553 8536

CRI Homepage: <http://www.cri.or.th>
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