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Abstract

Keywords

Background and aims: Chemicals are necessary for many economic activities
and daily life. However, they can create noxious effects on individuals. More Human
attention is required to human (worker) health on the route of attainment of
sustainable development. The present study reviews the studies done in the field
of the effect of toxicants on workers’ health. Additionally, the study investigated Sustainable development
the role of toxicology in ensuring sustainable development. Tesiens

Occupational exposure

Methods: This study has systematically reviewed articles from 2010 to 2020 in
PubMed, Google Scholar, Science Direct, Scopus, and SID. Keywords of MeSH
and non-MeSH related to the aim of the present study were searched in English
and Persian languages. Also, the investigations were updated to 2022. Finally,
32 articles were investigated in this study.

Results: Studied articles had been carried out in developed countries (62.5%),
developing countries (34.38%), and the least developed country (3.12%). The
chemicals were subdivided into four groups: solvents, pesticides, heavy metals,

and other chemicals. The effects were observed in exposure to solvents (9 S

- o - ] ) Received: 2023/01/9
articles), pesticides (8 articles), heavy metals (6 articles), others (9 articles).
Also, the studies included population-based case-control, cross-sectional, case- Accepted : 2023/04/30

control, and cohort.

Conclusion: A widerange ofindividualshave exposureto the effects of chemicals.
A strong relationship has been observed between occupational exposure to
chlorinated solvents, heavy metals, herbicides, and organophosphates and
adverse effects. Increased awareness of decision-makers and employers about
the effects of toxicants or hazardous chemicals can control, help prevent effects,
and also achieve sustainable development.
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EXTENDED ABSTRACT

INTRODUCTION

Chemicals can be released into the environment
through air, water, and soil. Occupational effects can
occur due to exposure to chemicals (toxicants). There
are various classifications for toxicants. One of them
is classification based on their application including
pesticides, solvents, heavy metals, and others
(such as polychlorinated biphenyls and Polyamic
hydrocarbons). Toxicology plays an important role
in chemical management. One of the important
issues in the development of communities is to pay
attention to the environment and its creatures and
also preserve them. This issue is entitled “sustainable
development (SD)” Various targets have been
considered for achieving this development. Among
the targets, management of hazardous chemicals has
been considered in the targets 3.9, 6.3, and 12.4. The
human is the fundamental basis of SD. Therefore,
decreasing individual exposures can guarantee
human health. This issue shows that exposure to
harmful chemicals is attended to notice in sustainable
development. According to the importance of
toxicology in sustainable development and because
no review study is found in the field of the toxicology
role in sustainable development in terms of worker
health and also effects of exposure to chemicals
on human health in sustainable development, the
present study paid attention to this important issue
by investigating effects of toxicant or hazardous
chemicals on workers’ health. Finally, some control
actions have been presented to prevent and mitigate
the effects of toxicants on individual health; so that
the communities have healthier workers and a more
sustainable environment with economic development.

METHODOLOGY

Studies related to toxicants, toxicology, and
sustainable development were systematically searched
in PubMed, Google Scholar, Science Direct, Scopus,
and SID (database of Iranian Journal) from 2010 to
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May 2020. Also, the investigations were updated to
2022. The MeSH and non-MeSH keywords including
(“Chemicals” OR “Toxicant” OR “Hazardous
substances [MeSH]” OR “Heavy metals [MeSH]”
OR “Pesticides [MeSH]” OR “Solvents [MeSH]” OR
“Polyaromatic hydrocarbons” OR “Polychlorinated
biphenyls [MeSH]” OR “Persistent organic pollutants
[MeSH]” AND “Sustainable development [MeSH]”
AND  “Occupational exposure [MeSH] AND
“Workplace [MeSH]”) were applied to the search in
the English language and their equivalent in Persian.

Among the full-text articles assessed for eligibility,
the studies including reviews, case-report studies,
letters to the editor, abstracts were excluded. Those that
did not present a consequence related to the chemical
effects on humans and those that focused only on the
environmental effects of chemicals on sustainable
development without considering human exposure
were also excluded. This resulted in published studies
that met the search criteria. Besides, references of the
articles were checked to find relevant studies. The
search was not only allocated to the English language.
Relevant articles published in the Persian language
were also considered. In total, 32 original articles
(cross-sectional, case-control, based on a database,
cohort) were approved by an occupational toxicology
specialist and were included in the study.

RESULTS

The studied articles were conducted in developed
countries (62.5%) including the USA, England,
Nordic countries, Italy, Portugal, Turkey, Australia,
Poland, Sweden, and Taiwan. Developing countries
(34.38%) included Iran, China, Venezuela, Sri Lanka,
India, United Arab Emirates, and Pakistan. The least
developed country (3.12%) was Thailand.

Study articles included solvents (organic and non-
organic) (28.12%), pesticides (25%), heavy metals
(18.75%), and other chemicals (28.13%). Also, the
effects were observed in exposure to solvents (9 cases),
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Fig. 1. Mean age of individuals in the studied studies
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Table 1. Summary of effects reported due to occupational exposure to common toxicants

Chemical type Sex Study type effect(s) Reference
Solvents Woman Case - control NTDs and OFCs” Desrosiers et al.,
Man and woman Cross - sectional Cancer Tunsaringkarn et al.,
Man and woman Population -based Cancer Hadkhale et al.,
Man and woman Case - control Genetic toxicity Viegas et al.,
Man Cohort genital dysfunction Lietal,
Undefined Case - control Color vision impairment Attarchi et al.,
Man and woman Case - control Lymphoma Cocco etal.,
Man and woman Case - control Irritation Vahhabi Shekarloo et al.,
Man and woman Cross - sectional Carcinogenic and non- Jalali et al.,
carcinogenic
Pesticides Undefined Case - control Oxidative stress Ogut et al.,
Man and woman Cohort Dementia or AD" Hayden et al,,
Undefined Population - based Lymphoma Cocco et al.,
Man Case - control Reproduction function Mirada-Contreras et al.,
Man Cohort Cancer Kourtros et al.,
Man Cohort Cancer Bonner et al.,
Man and woman Case - control CKD’ Jayasumana et al.,
Woman Case - control Pregnancy outcomes Kumar et al.,
Heavy metals Man Cross - sectional Infertility Wijesekara et al.,
Man Cohort Infertility Wuetal,
Man and Woman  Population - based Hypospadias in infants Nassar et al.,
Man Case - control Nervous system Sifczuk-Walczak et al.,

Man and woman
Man and woman

Case - control
Cross - sectional

Other Man and woman Case - control
Undefined Case - control
Undefined Cross - sectional
Man and woman Cohort
Undefined Cross - sectional
Man and woman Case - control
Man Case - control

Man and woman
Man and woman

Cross - sectional
Cohort

peripheral nerves system
Genetic Instability and
renal dysfunction
Cancer

Oxidative damage
Cancer

Cancer

Haematic burden
Oxidative damage
Cancer

Cancer

Adverse birth outcomes

Koszewicz et al.,
Neitzel et al.,

Wang et al.,

Liu et al,,

Kamal et al.,
Kimbrough et al.,
Abballe et al.,
Huang et al.,
Alhamdow et al.,
Elbarazi et al.,
Zhang et al.,

* NTDs: Neural tube defects; OFCs: orofacial clefts; AD: Alzheimer disease; CKD: Chronic kidney disease

pesticides (8 cases), heavy metals (6 cases), and others
(9 cases).

Applied statistical models consisted of regression
analyses  (including  polytomous, conditional,
unconditional, and linear), Generalized Linear
Models, and mixed-model repeat measure analysis
(Proc mixed) in the population-based, case-control,
and cross-sectional studies. Also, the Cox proportional
hazards model, multiple linear regression, and
additional regression models were involved in the
cohort studies.

Some studies mentioned the mean age for
participants. Table 1 presents a summary of effects
reported due to occupational exposure to common
toxicants. Also, Figure 1 shows the mean age of
individuals in the studied studies. Among the studies,
the highest and lowest mean age of participants were

23.05 and 89 years, respectively.

DISCUSSION

The age range of participants exposed to chemicals
was between 23.05 and 89 years. This result reveals
that many people are exposed to adverse materials in
workplaces. Organic solvents produce more effects
than inorganic ones. Several effects have been recorded
about exposure to chemicals, with most of the effects
related to occupational exposures in the workplace.

To control exposure to toxic substances and
balance between economic development and ensuring
healthy lives (goal 3 on SD), control actions have been
presented, the first of which is planning for protecting
workers. Green chemistry can be useful for accessing
SD; as a result, it can help protect individuals and
environments by producing environmentally benign
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solvents(1).

In the present review, it was observed that
preventive and control actions have been less noticed
in the investigated studies, and attention has only
been paid to the effects. Therefore, it is necessary to
consider this issue. Studies showed effects of exposure
to pesticides (e.g., organophosphates, pyrethroid,
carbamates, chlorinated organic compounds, and
methyl bromide) such as oxidative stress, lymphoma,
disorders of the reproductive system, and bladder
cancer risk in male farmers.

A strong relationship has been recorded between
exposure to pesticides and acute lymphocytic leukemia
and chronic kidney disease. Despite pesticides being
able to eliminate pests, be useful in economic issues,
and prevent diseases transferred by them, they can
also induce occupational health effects in workers and
customers.

A review article conducted by Raymond Park et
al., in the UK in 2011, studied the role of transgenic
crops in sustainable development (2), so that the
crops can not only eliminate the use of pesticides but
also resist plants against pests. Although using these
crops lessens occupational exposure and is a way for
achieving sustainable development, they can make
noxious effects on customers.

Another strategy to prevent the effects of toxic
pesticides is to use a combination of pesticides.
These pesticides also include natural agents and can
control the effects rather than synthetic pesticides (3).
Notifying workers about the effects of the chemicals
and using sufficient PPE can control the effects.
Evaluating occupational exposures and biological
monitoring of some pesticides have been developed
using some methods (4).

Heavy metals are among the most dangerous
environmental pollutants. A strong relationship
has been reported between maternal occupational
exposure and adverse pregnancy outcomes. Although
workers are exposed more to heavy metals than
the public, they can create more adverse effects on
sensitive groups like pregnant women, female workers,
and children.

Exposure to other chemicals (such as PAHs, PCBs, a
mixture of several chemicals) can cause adverse effects.
Regarding other chemicals such as polyaromatic
hydrocarbons, control measures can be considered,
including mechanization, more technologies, social
programs, and improvement of preventive measures
on the chemicals. If workers transfer their overalls to
home, their family members can also be subjected to
PAHs (5). Migrant workers are one of the groups of
interest in SD (target 8.8). Some studies revealed this
group is exposed to a mixture of several chemicals like
heavy metals, solvents, ultraviolet radiation, and so
on.

Occupational exposure to emissions of toxicants
from recycling discarded electronic devices or
electronic waste (e-waste) can beget undesirable
effects. PCBs, heavy metals, and so on are the
chemicals being released from the recycling process.

Generally, there are methods to control harmful
agents in workplaces including technical actions
and administrative measurements (e.g., decreasing
exposure) and personal protective equipment (PPE).
The use of vitamin supplements has also been
suggested that they can alleviate the effects.

According to the contribution of substance
production in different areas between 2009 and
2017, Asia, Europe, the North American Free Trade
Agreement (NAFTA), Africa, and Australia/Oceania
respectively had the most amount of contribution of
chemicals (6). So that Asia at 57.9% had the world’s
largest contribution to the global chemical market in
2017. The contribution of chemical production in Asia
was nearly ascending but that was descending in other
areas. It is not unpredictable that the productions of
chemicals will increase over time so that according
to basic sanitation estimates of production(sale) of
chemicals in different world areas shows increasing
production of chemicals during 2010 to 2050(7).
Also, increasing hazardous substances in European
Union (EU) during 2011 to 2018 showed a decreasing
trend for the amount of production of chemicals
with health hazards carcinogenic, mutagenic,
and reprotoxic (CMR) from 2010 to 2015(8). The
relative contribution of the health hazards had a
reducing trend in 2010 according to the decrease in
the production of chemicals (million tons) than in
2010. Unfortunately, statistics regarding the trend
of production of chemicals and their effects in other
regions of the world have not been presented.

In the present review study, most of the investigated
effects had been reported in developed countries. The
targets 3.9, 6.3., 12.4 and 8.8 in SD will be achieved by
2020 if toxicology is employed and its role is known
in the management of hazardous chemicals toward
reducing the number of deaths and diseases from
toxicants and protecting workers against occupational
exposure to chemicals.

CONCLUSION

According to the results, a wide range of individuals
was subjected to the effects of chemicals. Although
the results of cross-sectional studies are not suitable
to establish a cause-effect relationship, in this current
study, most of the effects were reported in case-control
and cohort studies. Also, more effects were reported
in developed countries than in developing regions in
the review study. However, developing countries may
face higher chemical hazard risks than developed
countries due to poor working standards and lack of
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safety measures for workers who are not prioritized by
industry authorities.

Toxicology plays a crucial role in sustainable
development by managing chemicals. According
to studies, several strategies have been proposed to
control the effects of chemicals and consequently
achieve sustainable development. These strategies
include managing the use of toxic sources and
chemicals, providing training and advice about

the harmful effects of chemicals on human health,
replacing hazardous toxic substances with less
toxic substances, implementing engineering and
administrative measures, and promoting the use of
Personal Protective Equipment (PPE) in workplaces.
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