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Introduction

With the advent of the industrial revolution in the 18th century, 
a significant change was made in the industry and production 
sectors. Nowadays, we are witnessing significant progress 
in technology and industry. Modern industries  (MIs) and 
technologies have produced and developed many products 
that are critical in improving the quality of human life. MIs 
refer to those industries that are known as high‑tech where 
the technical knowledge, innovation, and creativity are 
highly brilliant. One can see examples of MIs in electronics, 
semiconductor equipment, computer products, new materials 
industries such as composites, advanced polymers, ceramics 
and superconductors, biotechnology and pharmaceutical and 
medical products, optics and laser industries, nanotechnology 
and its application in various fields, military and aerospace 
industries, nuclear energy, and so on. Each industry uses 

certain substances or chemical compounds depending on the 
working process, technology, and products. Hence, chemicals 
have become an essential part of human life. Despite many 
advantages in products, particularly in MIs, such chemicals 
can affect adversely human health and environmental integrity 
if misused.[1,2]

As MIs and technologies are developed, human health and 
the environment are increasingly at risk. History has shown 
that industrial innovation rarely corresponds with the speed 
of community and environmental protection, as it takes 
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months or even years to determine an emerging industry’s 
health and safety risks  (modern industry). Due to the 
economic interdependence of countries, modern technologies 
and industries are transferred from developed countries to 
developing ones.[1] Although these modern technologies 
often improve the life and quality of products, they may be 
associated with concerns in terms of safety and healthcare 
since the developed countries export hazardous substances 
and processes to the developing countries to avoid the risks 
and problems with controlling the harmful factors in some 
industries, especially the chemical industries ignoring the 
fact that the required health and safety training should be 
offered and the skilled personnel be available.[3] The tragedy 
of the Chornobyl and Bupal events in Ukraine and India, 
respectively, testifies to the claim mentioned above and shows 
that modern industrial plants are not immune to catastrophic 
events. Therefore, transferring the MIs to developing countries 
requires more attention and control, the same as the developed 
countries. On the other hand, industries are not static; however, 
they are constantly changing, including the development 
of new processes and products. Thus, the safety and health 
issues related to personnel’s exposure in industries are also 
changing. Therefore, one can determine the emergencies and 
issues needed for the assessment and coping by informing the 
processes in factories and the physical and chemical hazards to 
which workers are exposed.[1] International Labor Organization 
estimates that approximately 200,000 work‑related deaths 
occur worldwide annually. Furthermore, many workers are 
victims of work‑related accidents and illnesses. Thus, many 
complicated chemicals which the workers are exposed in 
industrial working environments, particularly in MIs, require 
knowledge, awareness, assessment of exposure and toxic 
effects, and the need to constant care, if necessary, to create a 
scientific basis for decisions aiming at protecting the human 
health from the adverse consequences of exposure to these 
substances in the working places.

Based on what was said above and considering the role that 
occupational health and toxicology play in assessing the 
exposures, policy‑making, and participation in macro‑planning, 
as well as achieving the health goals and reducing mortality 
resulting from occupational diseases due to exposure to 
harmful chemicals and toxicants. Hence, a review of harmful 
chemical compounds and toxic substances used in the 
production processes of MIs can help the experts identify such 
toxicants, find the existing information gaps, and take steps 
to alleviate them. Because of the expansion of MIs as well as 
the chemical compounds used in each industry, the present 
study mainly focuses on nanotechnology and its application 
in engineering and medical sciences, nuclear technology, 
and the most common radionuclide used in it  (i.e.  Cobalt, 
Uranium, and Plutonium), semiconductors and metals, 
dopants and toxic photoactive compounds, the electronic 
industry and liquid crystal display  (LCD) emphasizing the 
with indium compounds, especially indium tin oxide (ITO), 
MIs involved in silica, mainly the stone and jewelry artifacts, 

and jeans sandblasters, MIs involved in the production of 
catalysts and sensors with nickel nanoparticles, pharmaceutical 
industries with an emphasis on chemotherapy drugs and 
cytotoxic, modern dentistry focusing on the dental composites 
technology, and finally, the MIs which produce the dioxins 
and its compounds.

Therefore, this study addresses toxicants released by some MIs 
for the first time from a general perspective. Studies of this 
kind can help occupational health and toxicology specialists 
identify information gaps and future research subjects.

Methods

The present study is a review that searches the databases of 
ProQuest, Science Direct, Web of Science, Pub Med, Scopus, 
and Google Scholar and extracts the articles related to the 
subject from 2000 to 2022. An interdisciplinary approach was 
used to search the studies, combining toxicology and MIs, 
nanotechnology, biotechnology, and nuclear energy. The search 
began with MIs, followed by a secondary search to complete 
the discussions related to each section. Similarly, once a new 
industry is identified, the toxicology studies conducted in that 
industry are reviewed, the utilized toxicants are identified, and 
complementary investigations are made to extract the existing 
toxicological findings.

The initial search was started with modern toxicity, MIs, 
new toxins, modern/new chemical compounds. Then, it was 
tracked by other keywords such as toxicology of nanoparticles, 
nanoparticles in medical, toxicology of radionuclides, 
nuclear toxicology, toxicology of the semiconductor industry, 
toxicology LCDs, occupational exposure to indium, silica in 
new/MIs, nickel nanoparticles in new/MIs, toxicology of drugs, 
new dentistry, and dioxin in MIs. Since a relatively limited of 
articles on the subject were available based on the results, we 
also used a list of articles’ references to find the journals and 
articles connected to the study objective.

The original articles, reviews, systematic reviews, case studies, 
and editorials were investigated (inclusion criteria). Moreover, 
no reviews were done on books, letters to editors, letters to 
authors, authors’ notes, newsletters, last word, and general 
texts  (exclusion criteria). Furthermore, having at least one 
keyword in the title, abstract, and keywords sections was the 
inclusion criterion. An overview was made by reading the 
title, abstract, and keywords to achieve this goal and select the 
articles correctly. Thus, articles irrelevant to the subject were 
excluded from the study. Throughout the review process, an 
author was required to analyze the inclusion and exclusion 
criteria in turn, while another author was responsible for 
reviewing the accuracy of each assessment. Through this 
process, an agreement was reached on each of the articles.

At last, out of 116 articles searched as full text and following 
the inclusion and exclusion criteria, 46 articles were wholly 
selected. Figure 1 illustrates the selected studies and the search 
process for this review study. The articles were categorized 
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based on the given modern industry, various parts of the article 
were reviewed meticulously, and the results were extracted.

Results and Discussions

The findings are presented within nine sections containing 
industries, toxins, and toxicology studies related to that 
industry.

Nanotechnology
In recent years, as nanotechnology and materials engineering 
have developed, the use of nanoparticles has also increased, 
particularly in MIs and technologies. Nanotechnology is 
the “precise and controlled manipulation of the atomic or 
molecular structure of materials on nano‑scale to provide 
the ultrafine particles with emerging properties and special 
applications.” Nowadays, nanoparticles are applied in various 
areas such as engineering sciences, medicine, pharmacology, 
electronics, transportation, energy production, military, and 
defense industries, and their application is increasing more 
and more.[4] In mechanical applications, the manufacturing the 
solid lubricants and nano‑onion powders for the oils and liquid 
lubricants, protective nanotubes and synthetic fibers, with 
higher water absorption, higher melting point, more chemical 
permeability, higher strength and antibacterial property, 
carbon nanotubes to transmit the electric current, application 
of surface coating films to increase the strength and durability 
of industrial parts, fabrics made of carbine nano‑fibers, 
nano‑crystalline materials, nanostructured films used in the 
batteries manufacturing, solar cells, sensors and catalysts, 
nanocomposites structures, and many other applications are 
discussed.[5] The silver nanoparticles, gold nanoparticles, 

titanium dioxide, zinc oxide, cerium dioxide, silicon dioxide, 
nanotubes, and carbon nano‑fibers (CNFs) are the nanoparticles 
used in MIs. Because of the unique characteristics of 
bioconjugation, gold nanoparticles are increasingly used in 
medicine and nano‑therapeutic. Nanoparticles of titanium 
dioxide and zinc oxide are often used in sunscreen products 
which are widely used today.[6] Numerous studies have reported 
zinc oxide nanoparticles’ antibacterial, anticancer, antioxidant, 
and immune system protective effects. Furthermore, zinc oxide 
nanoparticles can be used as an auxiliary therapy to reduce 
the toxic effects of chemotherapy drugs. However, zinc oxide 
nanoparticles have toxic impacts on various body organs. 
According to the studies, the affected organs are the liver, 
spleen, kidneys, stomach, pancreas, heart, and lungs.[7,8] In 
addition, zinc oxide nanoparticles negatively affect the nervous 
system, lymphatic system, hematological characteristics, sex 
hormone levels, and fetal growth.[7] Due to their antibiotic 
property, silver nanoparticles are also widely used in the 
medical and pharmaceutical industries, especially in the 
present era.[9] Iron oxide nanoparticles with high magnetic 
properties are used in many biomedical applications, such as 
contrast in MRI imaging. There is evidence for the toxicity of 
iron oxide nanoparticles on neurological effects, mutations, 
DNA damage, and sensitization. There is contradictory 
information on the toxicity mechanism of the serum dioxide 
nanoparticles. Such nanoparticles are used in catalysts, gas 
sensors, solar cells, ultraviolet (UV) absorbers, glass polishing 
materials, and medicine to treat some cancers.[10] Due to 
their unique physicochemical and mechanical properties 
such as thermal and chemical stability, high tensile strength, 
low weight, and electrical conductivity, carbon nanotubes, 
especially single‑wall carbon nanotubes and multi‑wall 
carbon nanotubes as one of the nanotechnology products, 
are applied in various sciences such as pharmacology, optics, 
renewable energy technologies, sensors, filters, electronics, 
and aerospace and recently in occupational toxicology studies 
and air pollutant analysis to absorb polycyclic aromatic 
hydrocarbons (Phenanthroline).[11,12]

Because of the widespread application of nanotubes, it is 
possible to encounter carbon nanotube particles in production 
and research centers and during their transportation and 
movement. Single‑walled carbon nanotubes and multi‑walled 
carbon nanotubes were tested for cytotoxicity on human lung 
epithelial cells using toxicological indicators (NOAEC, IC50, 
and TLC). The results showed significant cytotoxicity of 
carbon nanotubes on human lung epithelial cells.[13,14] As a new 
class of synthesized carbon material, CNFs have an excellent 
potential for absorbing pollutants and are used in composite 
absorbers and cartridges of respirators.[15,16] Based on the 
studies, there are impacts of cytotoxicity and genotoxicity 
responses comparable to asbestos and even more robust than 
carbon nanotubes resulting from the CNFs.[17,18] Therefore, 
future studies need to consider the toxicity potential of these 
nano‑fibers and their release from the respirator cartridges, 
and also the dissemination of composite coatings containing 

Figure 1: Flow diagram of selected articles and the search process
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CNFs. Furthermore, there is a need for more studies on metallic 
nanoparticles to overcome their toxicity limitations. In this 
regard, methods based on the simultaneous use of NPs with 
antitoxic strategies and green noncytotoxic nanomaterials seem 
more promising.[19]

Based on what was mentioned above, nanoparticles are widely 
used in many scientific, medical, and industrial sections 
without any manifestation of their toxic effects. Therefore, it 
is necessary to investigate the toxicity of these nanoparticles 
to employ them.

Nuclear technology and radionuclide
As one of the modern technologies, nuclear technology is 
widely used around the world, such that the engineering 
and medical sciences and laboratory research involved in 
the nuclear industry are associated with the generation of 
various radionuclides in various physical and chemical 
forms. Internal contamination by acute or chronic 
radionuclides exposure may cause both radiological and 
chemical toxicities. Once entering the body, radionuclides 
join the biomolecules leading to their absorption and 
transfer to the cells, tissues, and body organs. Similarly, 
they interact with intracellular components such as amino 
acids, peptides, proteins, and nucleic acids to make their 
side effects. Furthermore, radionuclides may compete 
for the biological location of essential metallic ions and 
cause structural confusion and malfunctioning biochemical 
macromolecules. Nowadays, the molecular basis of 
transmission, toxicity, accumulation, or detoxification 
mechanisms in which the intracellular radionuclides are 
involved is not far‑understanding, and it is well‑established 
that these processes, as well as the bioavailability of 
radionuclides, are highly dependent on their speciation and 
interactions with biological molecules.[20,21] Speciation is 
linked to metallomics and emphasizes the identification of 
biological molecules attached to the metal ions in connection 
to biological functions and metabolism. Although metallic 
and nonmetallic chemical elements involved in the nuclear 
industry have received attention within the past decades, 
the information on the speciation of radionuclides has been 
biologically limited.[20]

In case of infection, understanding the functional modes of 
radionuclides in living organisms is among the critical goals 
of nuclear toxicology studies. The toxicity mechanisms of 
radionuclides at the molecular level are highly dependent 
on speciation. The nature of each radionuclide should be 
taken into account based on its specific activity and decline 
mode (e.g., alpha, beta, gamma, or X) because different isotopes 
of a particular element (such as 238Pu and 239Pu) can exhibit 
different biological behaviors.[20] Basis of Hard and Soft Acids 
and Bases classification, elements in nuclear toxicology are 
divided into three groups: Hard (Th4+, Pu4+, UO2

2+, and Co3+), 
borderline (Co2+), and soft acids (Cs+) or soft bases (I−).[20] As 
one of the MIs in today’s world, the nuclear industry always 
deals with three common compounds, i.e. Cobalt, Uranium, and 

Plutonium, in the various nuclear processes. The radioactive 
forms of Cobalt in the nuclear industry are 60Co and 58Co, 
found as the activation product of cobalt and stable nickel in 
alloys. Skin absorption and inhalation of radio cobalt pose a 
potential risk for workers in nuclear facilities or nuclear waste 
disposal sites.[20,22] Uranium creates radiological and chemical 
toxicity in various proportions based on its 235U richness. 
Therefore, considering the given isotope, the chemical or 
radiological impacts can be investigated.[20,21] Plutonium is an 
industrial actinide of which the primary source is the use and 
reprocessing of nuclear fuel. Plutonium toxicity is essentially 
radiological and known as an alpha emitter.[20,23]

Semiconductor industries
The semiconductor industry represents one of the newest 
high‑tech industries in the industrialized world, in 
which the globalization process has taken place. Many 
harmful chemical compounds are used in this industry. 
Therefore, paying particular attention to health issues, 
toxicology, and exposure control is necessary. The 
semiconductor industry, despite its relatively long history, 
is changing, and exposure to toxins such as Arsine (AsH3), 
Arsenic pentafluoride  (AsF5), Diborane  (B2H6), Boron 
trifluoride (BF3), Phosphine (PH 3), and Silane (SiH4) can 
be seen in its development. These compounds come with 
impacts such as acute hemolysis, secondary renal failure, 
hypoxia with a toxicity of the cardiovascular, nervous, 
and pulmonary systems, pulmonary edema, suffocation, 
depression, and many other problems and complications. 
On the other hand, strong base acids such as hydrochloric 
acid (HCL), ammonia (NH3), and hydrofluoric acid (HF) are 
used in semiconductors.[3]

Dopants are the substances added to the silicon substrate 
of semiconductor chips to change the electrical properties. 
Dopants contain countless chemicals, some known to be 
toxic; e.g., some phosphorus‑containing compounds (POCl3, 
PCl3, and PO5) are converted to HCl and phosphoric acid. 
Arsenic compounds are also common in dopants, especially 
in gallium‑based chips. The main risk of exposure to the 
gases and dopant compounds used in the semiconductor 
industry is accidental exposure to high concentrations. Many 
photoactive chemicals are used in the semiconductor industry, 
indicating the sensitivity in the skin or respiratory effects. 
Photoresist compounds are complex mixtures composed 
of plastic monomers or polymers, sensitizers, stabilizers, 
and solvents. These factors are used in photolithographic 
processes, which build the pattern in semiconductor chips. 
Photoinitiators are used to begin the polymerization of 
silicon chips coated by resistance. However, there are many 
advanced formulations for photosynthetic about which 
there is no toxicological information. The formulation of 
photoresist compounds includes several well‑known sensors 
line urethane, phthalates, isocyanates, epoxy esters, and 
several metal halides. Other photoinitiators include highly 
reactive chemicals such as anthrone, Kinnon, thiazoline, and 
nitro aniline. The healthcare impacts of using these factors 
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are not appropriately known in the semiconductor industry, 
and E‑mails further study.[3]

Due to the long history of semiconductor processes in 
developed countries, more toxicological studies have been 
conducted. While, despite the penetration of these industries 
into most developing countries, including Iran, more 
toxicological studies should be conducted aiming at identifying 
the effects and complications of the chemical compounds on 
humans and the environment.

Liquid crystal display displays industries
Manufacturing LCDs is a novel technology in which we 
observe the increasing progress and expansion. Since the 
fast expansion of LCD screens, the use of indium and its 
compounds have increased.[24,25] The pulmonary toxicity of 
various indium compounds, including indium trichloride, 
indium phosphide, and indium arsenide, as well as the ITO, 
both inhaled and injected, have been reported in animal 
experiments.[26,27] However, the number of human studies or 
studies separating the effects of different indium compounds on 
humans is limited. The ITO is a synthesized material composed 
of indium  (In2O3) and tin oxide  (SnO2) with an ordinary 
weighing ratio of 90–10. Because of its unique properties of 
high electrical conductivity, transparency, and mechanical 
resistance, the ITO is mainly used for manufacturing thin‑film 
LCD screens.[27] Before 2003, there was no attention to the 
adverse effects of indium compounds such as ITO, InAs, and 
InP. Due to the limitation of occupational exposure, there 
was no measurement of indium concentration in the working 
places. Until then, no data were found to indicate an indium 
health risk to electronics plants’ respiratory, gastrointestinal, 
or nervous systems workers. The study by Homma et al. was 
the first report on the possible health impacts of ITO particles 
containing a high percentage of indium among the workers.[25]

Because of the increasing industrial use of ITO in manufacturing 
flat‑screen monitors, there is not enough information on the 
potential health hazards of indium compounds among the 
exposed workers. ITO is used in these monitors as transparent 
conductive films. In connection to other contaminants of 
the industry of LCD manufacturing, the information on 
occupational toxicology is limited such that in the study on 
recycling the wastes, the focus is mainly on recycling the 
indium compounds as the most critical contaminant in these 
industries.[28,29]

Concerning the recent market growth due to the increasing 
use of LCD screens in PCs and plasma display panels in 
wall‑mounted televisions, the demand for ITO has risen 
rapidly around the world.[30] Hence, concerning the growing 
trend of the technologies related to electronics and LCDs, 
as well as the demand in global markets for such novel 
technology, it is necessary to study widely the impacts of 
toxicity of the compounds used in this industry, particularly 
the indium compounds. Healthcare actions should also be 
prioritized to minimize the exposure to the ITO particles 
in the working environments involved in such contaminants.

Modern industries involved with silica
Artificial stone fabricators, jewellery polishers, and denim 
jean sandblasters
Silica  (silicon dioxide  [SiO2]) is a natural mineral that 
constitutes 59% of the Earth’s crust mass. Even though we 
mostly assume that exposure to the silica and pulmonary 
diseases connected to it is related to the traditional occupations 
such as mining, tunneling, casting and melting industries, glass 
and cement industries, and construction works,[31] most MIs 
make the workers to be exposed to silica, mainly crystalline 
silica.[32]

In general, the MIs at risk of exposure to silicosis include the 
gemstone industry, dental equipment, metal grinder, agate mill, 
slate pencil, denim jean sandblasting, electronics industry, 
power cables, stone artifacts, crushing process, and jewellery 
polishing industries. Barnes et al. compared the prevalence 
and mortality rate of silicosis between the traditional and MIs 
and showed that in MIs, the prevalence rate is 50%–60%, and 
the mortality rate is 10%–100% which is much more than 
the mortality rate in traditional industries (6 deaths per 1000 
workers).[32]

The stone chips industry is one of the MIs that expose workers 
to crystalline silica. The artificial stone contains 85%–93% 
crystalline silica, much more than any other material. On the 
other hand, those who work in this industry use high‑powered 
hand tools such as trolleys to form and cut this stone to make 
the sinks, washbasin, and faucets, and also polish the final 
product. These processes generate high levels of exposure 
to crystalline silica dust.[28] According to a study in Spain, 
the number of silicosis has increased from 95 in 2003 to 
295 in 2011, all of which were associated with the exposure 
to artificial stone in the fabrication of countertops.[33] The 
second modern industry which exposes the workers to silica 
is denim jean sandblasting. Jean’s sandblasting process uses 
the silica‑containing sand as the abrasive on the jean surface 
to produce a ‘worn‑out’ look. In a study  (2007) in Turkey, 
50 silicosis cases with silicosis were found.[34] Despite the 
significant development of denim jean industries and mass 
production, few studies have assessed workers’ exposure to 
silica. The jewellery industry is the third modern industry 
putting the workers at the exposure to silica. The cutting and 
polishing gemstones and using the plaster molds containing 
the silica in jewelry casting lead to a high concentration of 
silica dust  (98%–99% silica combined with aluminum and 
iron oxide). In a screening in India on 20 workers, it became 
clear that eight persons are afflicted with silicosis based on the 
chest radiography.[35] Screening of 32 males working at agate 
mill workshops in China showed that 15 persons are suffering 
the accelerated silicosis (prevalence of 47%).[36]

Modern industries involved in nickel nanoparticles (catalysts 
and sensors)
Nickel nanoparticles (Ni NPs) are widely used in MIs such 
as catalysts, sensors, and electronic applications. Due to its 
widespread industrial applications, occupational exposure is the 
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primary source of inhalation and contact with the Ni NPs.[37‑40] 
Ni NPs are characteristics such as high surface energy levels, 
high magnetism, low melting point, high surface area, and low 
combustion point.[38‑40] Numerous studies are evaluating the 
toxic potential of nickel nanoparticles. Based on the animal 
studies, different cases such as cellular toxicity cytotoxicity 
and apoptosis in epidermal cells of rats,[41] cellular toxicity 
in the leukemia cancer cells, and toxicity and developmental 
defects resulting from the nickel nanoparticles in zebrafish[42] 
have been reported. Furthermore, another study reported the 
cytotoxic effects of nickel nanoparticles in leukemia cancer 
cells.[43] There is a story of a healthy 38‑year‑old man who 
was exposed acutely to the Ni NP while spraying them on the 
wind turbine bearings using the metal arch process and died 
after 13 days; based on the autopsy result, his death was due 
to the adult’s respiratory distress syndrome, and the results 
of studies showed that nickel nanoparticles with <25 nm in 
diameter were evident in the lung macrophages and high values 
of nickel were measured in his urine. There was evidence of 
acute tubular necrosis in the kidneys. This case study confirms 
that nickel nanoparticles can be toxic for human and leads 
to acute or even fatal diseases for the workers.[44] Oxidative 
stress has been signified as a description of the toxicity of the 
nanoparticles. According to recent studies, oxidative stress 
resulting from the nanoparticles is determined by increasing the 
membrane reactive oxygen species, decreasing the intracellular 
glutathione, and lipid peroxidation. The lack of toxicity data for 
the nickel nanoparticles in human lungs led Ahamed (2019) to 
design a study to investigate the oxidative stress and apoptosis 
resulting from the nickel nanoparticles in epithelial cells of 
human lung A549.[38] Finally, results indicated substantial 
toxicity of nickel nanoparticles in human lung epithelial 
A549 cells, and it was concluded that such toxicity is likely to 
be mediated through oxidative stress.[38] Accordingly, studies 
like this indicate the necessity of a more careful assessment 
of nickel nanoparticles for industrial applications.

Pharmaceutical and medical industries
Although the most toxicological assessments in the 
pharmaceutical industry are limited to the patients who are 
using the new medicines, there are two other groups of people 
who are less taken into account despite their potential to 
expose the pharmaceutical compounds: The first group is the 
health‑care providers  (physicians, nurses, and pharmacists) 
and the second group is the practitioners who are involved 
in the production of these compounds; these two groups 
are categorized in the occupational toxicology area. New 
medicines and treatment processes must be further explored 
to determine their possible impacts on the employees.

Nowadays, the spread of cancer and chemotherapy medicines 
have raised concerns for those working in the pharmaceutical 
industry and hospitals. Based on studies, the genotoxicity 
effects of these medicines have been investigated in 
biological samples of the employees. Among these, the 
most significant impact is oncology nurses involved in the 
preparation and prescription of medicines. Oncology nurses 

are usually exposed to chemotherapeutic medicines such as 
doxorubicin, bleomycin, Vinblastine dark basin 6‑Methotrexate 
5‑Fluorouracil Basin Irinotecan 6‑Mercaptopurine Is Platinum 
Etoposide and 6‑Thioguanine cyclophosphamide  and 
medicines with platinum compounds. These medicines 
can have toxic effects on the workers’ body cells and lead 
to mutation activities. In the last decade, Hyperthermic 
Intra‑Peritoneal Chemotherapy (HIPEC) has been introduced 
to treat peritoneal carcinomatosis. In HIPEC, the cytotoxic 
medicines are directly administered into the abdominal 
cavity. More recently, Pressurized Intra‑Peritoneal Aerosol 
Chemotherapy  (PIPAC) has been proposed to the patients 
as a new approach, where the chemotherapeutic medicine is 
injected into the peritoneal cavity as an aerosol under pressure. 
The amount of medicine used in the PIPAC approach is ten 
times lower than in the HIPEC approach; however, exposure 
to cytotoxic medicines and other chemotherapy medicines 
poses an occupational risk for those working in the operating 
room personnel.[45,46] Pathologists in the medical centers also 
encounter various chemical compounds such as xylene due to 
the nature of their work on biological tissues and samples, and 
it is worthwhile to follow up and investigate the toxic effects of 
the chemical compounds on the pathological and histological 
laboratories staff.[47]

Modern dentistry
Concerning the dentistry sciences, novel scientific methods 
have also replaced the old ones. Advances include bonding 
and laminating techniques, composites, and dental prostheses, 
used to correct appearance defects, repair, and healing. In 
recent decades, dental composites made of resins have become 
the preferred restorative material for many dentists due to 
their sufficient strength, beauty, low cost, and the ability to 
attach to the teeth compared to ceramics. Composite resins 
comprise four main parts: Organic polymer matrix, inorganic 
filler particles, coupling agents, and accelerator initiation 
system. Various types of composites are made up of different 
compounds such as silica nanofiller, barium glass, types 
of resins such as Bis‑GMA, TEGDMA, Bis‑EMA, Three 
fillers–Prepolymerized filler, etc., which are often known by 
commercial titles.[48]

Today, a wide range of materials are used in dentistry. Although 
amalgam containing mercury is no longer used as in the past, 
most dentists face this substance in their working phases, 
posing a risk. In addition to mercury, amalgam or “silver filler” 
contains a mixture of silver, copper, and tin, which chemically 
bind these components to a rigid, stable, and relatively harmless 
material. The highest levels of mercury exposure are related 
to the use of amalgam in dental restorations, although storing 
and disposing of amalgam capsules is an important source of 
exposure.[49] Other toxic compounds that dentists, especially 
dental prosthesis technicians, may be exposed to are methyl 
methacrylate and cyanoacrylate, shown to cause dermatitis 
and respiratory problems in dental personnel.[50‑52] Sensitivity 
to latex and chloramine T  (sodium‑n‑chlorine‑p‑toluene 
sulfonamide) is highly prevalent among dentists.[53] Toxic 
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metals such as beryllium may also be produced from dental 
materials containing beryllium alloys and expose the staff to 
the dental technology. On the other hand, using radiographic 
equipment in dental clinics is common now, and this issue 
provides the ground for exposure to ionizing and nonionizing 
radiation in this profession. The use of blue and UV lights for 
treatment or polymerization of dental materials, especially 
composite resins, bonding agents, and sealants, and their 
combination with chemicals is one of the major concerns in 
modern dentistry.[49]

Modern industries involved in dioxin (incinerators)
In their study, Lynch and Stretesky refer to dioxins as the 
nightmare of modern industry.[54] Dioxin is a challenging 
substance with many critics.[54‑56] Humans have turned to 
incinerators for decades to dispose of waste, especially 
hazardous waste such as hospital waste and e‑waste. Despite 
the numerous advantages of using incinerators compared to 

other waste disposal methods, it has challenged humanity 
to address the issue of dioxins. Occupational exposure 
to dioxins often results from the industrial chlorination 
processes, incineration of municipal waste, particular 
herbicide industries, paper bleaching processes in paper mills, 
smelters, cement furnaces, and many chemical plants.[57] Ma 
et  al. conducted a study to assess the concentrations and 
profiles in China. Their study estimated human exposures to 
dioxin and its related compounds from the electronic waste 
recycling facilities and a chemical industrial complex. This 
study analyzed the samples from e‑waste recycling sites and 
soil samples from nearby facilities and the agricultural soils 
in the various parts of China. Results of this study showed 
that the concentration of dioxin in all samples was high and 
in the soil around recycling facilities was higher than in other 
samples. Therefore, it has put the workers to the skin and 
inhalation exposures.[58]

Table 1: Toxic compounds and their application in modern industries

Modern industry Toxic compounds Application Ref
Nanotechnology Silver nanoparticles Medicine (antibiotic properties) (4‑19) 

Gold nanoparticles Medicine and Nanotherapy
Titanium dioxide Treatment and sunscreen products
zinc oxide Antioxidants, Antibacterials and Anti‑cancer
Serum dioxide Catalysts, gas sensors, solar cells, UV 

absorbers, medicine and cancer treatment
Carbon nanotubes and nanofibers Different application in engineering sciences
Iron oxide nanoparticles Biomedical and MRI imaging

Nuclear technology and radionuclide Cobalt (58Co and 60Co) Nuclear facilities, nuclear waste disposal sites (20‑23)
Uranium (235U) Nuclear reactors
Plutonium (Pu4+) Re‑processing of nuclear fuel

Semiconductor Industries Arsenic compounds (Arsine, Arsenic 
Pentafluoride, Gallium Arsenide)

Manufacturing of semiconductor products and 
electronics

(3)

Borane compounds (Diborane, Boron trifluoride) Production of semiconductors and integrated 
circuits (silicon chips)Phosphorus compounds (PO5, POCl3, PCl3, PH3)

Acids (HCl, NH3, HF) Production of semiconductors
Dopantes Changing the electrical properties of silicon 

chips
Photoactive and Photoresist (urethane, 
phthalates, isocyanates, epoxy esters) 

Photolighographic and creating of pattern in 
semiconductor silicon chips

Photoinitiators (Anthrone, Kinnon, Thiazoline, 
NitroAniline)

Polymerization of semiconductor silicon 
chips

LCD displays industry Indium compounds (Indium Trichloride, Indium 
Phosphide, Indium Arsenide, Indium‑Tin‑Oxide)

Production of liquid crystal displays (LCD) (24‑30)

Tin oxide
Artificial stone fabricators Silica (Crystalline silicon) Forming and cutting of artificial stones (31‑36)
Jewellery polishers Cutting and polishing process of agate and 

other gemstones
Denim jean sandblasters Sandblasting of denim jean
manufacturing of catalysts and sensors Nickel nanoparticles Manufacturing of catalysts and sensors in the 

electronics industry
(37‑44)

Pharmaceutical and medical industries Cytotoxic and Platinum‑based Drugs Chemotherapy and cancer treatment (45‑47)
Modern dentistry Beryllium Compounds, 
Methyl Methacrylate and Cyanocariate

Resins, Silica nanofillers and Barium glass Manufacture of dental composites (48‑53) 
(54‑58)Application in dental technologies

Waste recycling Industries Dioxin Recycling of electronic, domestic, industrial 
and hospital waste
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Conclusion

Developing MIs and equipping the traditional industries with 
new technologies have confronted humankind with different 
chemicals and toxins resulting from producing and using 
products that require attention, study, and research. The results 
of this review provided some harmful chemicals (toxicants) 
used in a few MIs to raise the awareness of occupational 
toxicologists and occupational health experts, as summarized 
in Table 1. The present study hoped to provide the basis for 
extensive studies in occupational toxicology and occupational 
health in MIs to identify and evaluate the harmful chemical 
compounds and their toxic impacts on humans.
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