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Abstract

Most of the chemicals produced and used today are bene�cial, but some also have the potential to damage human
health and the environment. To achieve the goal of allowing the use of chemicals for companies and factories, safety and
security tools were used in the laboratories, and workers were trained on the dangers of chemicals. We studied worker
exposure to hazardous chemicals and determined the prevalence of occupational skin diseases. As well as examining the
availability of personal protective equipment. A questionnaire was used to determine the chemicals used, the ages of
the employees, their educational level, and the extent of their infection with acute and chronic diseases that may be the
result of their exposure to some, and interviews were conducted with the workers. The number of workers in the tanning
factory is 122 and their ages range from 21 to 60 years. The number of males was 101, while females were 21 among the
total number of 122 workers. It is noted that the percentage of males is higher than females. It was found that workers
who adhered to wearing gloves, cotton masks, aprons, and safety shoes were less likely to suffer from skin and chest
allergic diseases compared to those who were less committed. Frequent prolonged exposure to many skin-hazardous
agents was observed in tanning businesses even though personal protective equipment was relatively available. The
prevalence of skin diseases, chest allergies, and bronchitis were among the most common diseases among workers.

Keywords: Occupational skin diseases, Tannery workers, Skin exposure, Hazardous chemicals, Iraq

1. Introduction

The General Company for Leather Industries is an
economic production unit that supports the country’s
economy by manufacturing natural leather and us-
ing it to produce clothing, shoes, and bags. It does
this by investing public funds ef�ciently and effec-
tively to achieve the state’s objectives and to improve
the performance levels of the country’s economy to
meet development plan objectives. Leather tanning is
considered one of the ancient traditional industries,

and despite the development it has witnessed, many
countries still use ancient primitive tanning methods
due to their quality. The Babylonians, Sumerians, As-
syrians, and Egyptians used alum (Aluminum salts),
which helped preserve the skin after the death of
the animal, and thus it was also used in the �eld
of mummi�cation. Then use table salt and magne-
sium salts to get rid of water in the skin (Tolga &
Gülbaş, 2019). Raw animal skins may be infected with
many insects, such as the cypress 	y and the beetle,
as well as some types of bacteria and fungi, which
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cause damage, especially during storage. To reduce
cases of damage, many chemical materials are used
like Bromomethane (CH3Br), which later requires dis-
posal before tanning, which exposes workers to the
danger of these materials if proper personal protec-
tive measures are not taken (Technical et al., 2009). As
for piles of waste and leftover leather, they must be re-
moved from the ground so as not to attract insects and
damage the leather. This also requires the use of other
chemicals that may expose workers’ lives to the risk
of asthma, bronchial allergies, skin allergies, and suf-
focation (Black et al., 2013). It is also treated with acetic
acid (CH3COOH) to remove the basicity of the water
to reduce damage to the leather to be tanned (Cocheo,
1990). In the liming stage, sodium sul�de Na2S or lime
Ca (OH)2 is used to remove animal hair or wool (Song
et al., 2021). To remove the lime deposited during
the de-liming or bating stage, ammonia sulfate salt
((NH4)2SO4) is used (Wing�eld, 2017). While in the
grease removal stage, chromium is used as a tanning
material, in addition to the use of different chemical
materials during the tanning stages such as sodium
carbonate, borax, calcium, and sodium formats (An-
namalai et al., 2022). The safety procedures within the
tanning factories and their chemical laboratories are
global rules and principles that must be followed by
everyone who works in this �eld to protect them-
selves, those working with them, and the external
environment. The chemical laboratory has become
the center for obtaining knowledge and developing
new materials for use in the future, as well as observ-
ing and controlling these materials, which are used
in thousands of commercial processes. Many of these
compounds are bene�cial, but many of them may
also cause harm to human health as well as the en-
vironment, hence the need for how to deal with them
safely (Fernandes et al., 2013). Process safety and oc-
cupational health (PSOH) are critical areas in process
industries that require attention while manufacturing
and processing development take precedence. The
leather industry uses a variety of chemicals, some
of which are dangerous. When such chemicals-both
liquid and solid—come into contact with skin or are
inhaled as gases, health risks arise. As this paper ex-
plains, certain unit operations also result in the in-situ
release of harmful gases. In PSOH, improved proto-
cols and safety measures are required for the bene�t of
industry workers as well as the environment in gen-
eral as a whole. The situation is important anywhere
there are risks or toxic chemicals connected to the in-
dustry. One of the main concerns is the level of toxicity
or hazard and the exposure limit connected to these
chemicals in industrial settings. Aside from the chem-
icals, other factors to think about include dust, noise

levels, lighting, ventilation, ergonomics, personal
safety, and hygiene. The leather industry as a whole
need to increase its capacity in this area even though
other industrial sectors have more developed safety
and occupational health concern systems. While there
are some previous reports available regarding tan-
neries in this area, they have not addressed every
facet of PSOH in the leather industry (Djatioetomo
& Marhana, 2022). De-liming is a unit operation in
the leather processing industry that is used to ex-
tract the bound lime from the limed fur. Traditionally,
toxic ammonia gas is released during de-liming, a
process that neutralizes lime with ammonium salts
(Venkatasubramanian, 2021). In the leather process-
ing industry, PSOH is crucial for both environmental
protection and worker health issues. It is important
to take a comprehensive approach to these issues. In
developing nations, where process industries are dis-
persed across multiple locations in sizable clusters,
these factors demand even more urgent attention.
This study examines and evaluates the number of
tannery-related risks, including mechanical hazards,
particulate matter, noise levels, toxic gases, and oth-
ers. Potential remedies or corrective actions are also
suggested. The current analysis would offer a clean,
hygienic, and safe environment for process safety in
and around the leather industry, including tanner-
ies, ef	uent treatment plants, and storage facilities
(Shan et al., 2021; Athavale et al., 2007). Compared to
developed countries, developing countries typically
have fewer occupational health programs that are
suf�ciently effective and fewer laws and regulations
that are appropriately developed and enforced. This
could be the cause of the tannery industry’s exclu-
sion from occupational dermatoses data for high-risk
jobs. The high level of automation used in this sector
for the duration that it existed in developed nations
could also be a factor in the lack of data on occu-
pational skin diseases in tanneries (Febriana et al.,
2012; Taghreed Khudhur et al., 2019). Workers in tan-
ning factories may become infected as a result of
skin necrosis with dangerous pathogenic microor-
ganisms such as Candida albicans fungi and some
bacterial species such as Staphylococcus aureus and
Pseudomonas aeruginosa (Mustafa Riyadh Salman
et al., 2020; Mahdi, 2023). Tannery’s work is offshored
to newly industrialized nations (NICs), where there
is little focus on the risks to occupational health. The
purpose of this study was to ascertain the prevalence
of diseases and occupational skin diseases (OSDs) at
tanneries in an NIC by investigating skin exposure to
hazardous chemicals in tannery workers and exam-
ining the safety equipment found in tanning factories
as well.
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2. Materials and methods

A cross-sectional study including an inventory and
risk assessment of the chemicals used, as well as pro-
cess observation. Chemicals are categorized as possi-
ble sensitizers or irritants, and their exposure to these
chemicals is qualitatively evaluated. With the use of
the Occupational Skin Questionnaire-2024/Baghdad,
workers were assessed and interviewed. The number
of workers in the tanning factory is 122, 101 males
and 21 females, with ages ranging from 21 to 60 years.
Years of service from 21 to 38 years. Most of the work-
ers were from the Al-Rusafa area in Baghdad- Iraq,
with several 112 workers, and 10 workers from the
Karkh side in Baghdad at different educational levels.

The type of work practiced by the workers is dis-
tributed as follows: tanner, dye preparer, operator
and transporter of barrels of chemicals and dyes,
leather insulation, leather ironing machine operator,
measuring machine operator, and leather tester. The
diseases they suffer from are blood pressure and
diabetes, asthma, and tuberculosis, severe spondy-
lolisthesis, heart catheterization, bronchial sensitivity,
skin diseases such as vitiligo, eczema and allergies,
osteoporosis and necrosis of the bones, and kidney
surgery. The workers were at different educational
levels.

Workers are exposed to many chemicals and dyes
in tanning factories, the most important of which
is ammonium sulfate, formic acid, sulfuric acid,
sodium bicarbonate, Butane oil, Vesoil C, Rockacryl
AE- 105 (ON), Icacril 597 (OHN), Micro-binder (AN),
Arsenic, Lime mortar (Calcium hydroxide), Carbon
dioxide and Hydrogen peroxide (De-liming), Parme-
tol A26 (Preservative), Soda Sanayii A.S., Synthol
DA 112 (leather fat remover), Syntan RS-3, Butane
color 21005 (black JC), Butane color 21100 (brown
DA), Chromium(III) sulfate [Cr2(SO4)3], and Mettam
sodium. The soaking and softening stage takes place
in special tanks with an area of 5–8.5 square feet, and
the weight of the sheep’s leather is between 3–3.5 kg.

There are different stages of leather tanning pro-
cesses beginning with the purchase of raw leather
from leather processing shops and ending with dye-
ing using several chemical materials, then delivered
to special warehouses as seen in Scheme 1 and Fig. 1.
On the other hand, Scheme 2 represents the chemical
materials and their quantities used in each stage of the
leather tanning process.

3. Results

The current study shows that the number of males
was 101 (82.78%), while females were 21 (17.21%)
among the total number of workers, which numbered

Scheme 1. Stages of leather tanning processes.

Fig. 1. A look at the stages (A- I) of leather tanning and the chemicals used
in tanning factories.

122 workers. The highest age group for male workers
was in the 41–50 years group, with a percentage of
81 (80.19%), while females were in the 51–60 years
age group, with a percentage of 9 (42.85%) (Table 1).
It is noted that the percentage of males is higher
than females because working in tanning factories
requires great effort, in addition to the work risks
to which they are exposed, which leads to giving
birth to deformed children with a high incidence of
various cancers in males. The educational level is dis-
tributed among both genders as follows: 44 (36.06%)
primary school graduates, 25 (20.49%) middle school
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Scheme 2. Chemical materials used in each stage of leather tanning
processes.

Table 1. Percentage of males and females of different ages who work in
tanning factories and their af�liated factories.

Age range (year) Female (%) Male (%) Total (%)

0–10 0 (0) 0 (0) 0 (0)
11–20 0 (0) 0 (0) 0 (0)
21–30 5(23.80) 6(5.94) 11(9.01)
31–40 3(14.28) 7(6.93) 10 (8.19)
41–50 4(19.04) 81(80.19) 85 (69.67)
51–60 9(42.85) 7(6.93) 16 (13.11)
Total (%) 21(100) 101(100) 122 (100)

graduates, 23 (18.85%) high school graduates, 15
(12.29%) from different institutes (technical diploma),
and 15(12.29%) from different colleges, most of them
from chemical engineering.

The extent of workers’ commitment to wearing
personal protective equipment in tanning factories
and other leather manufacturing factories has been
studied. It was found that workers who adhered
to wearing gloves, cotton masks, Apron, and safety
boots were less susceptible to skin and chest allergic
diseases compared to those who were less commit-
ted, even though they were monitored, in addition
to the fact that there may be a shortage in providing
them with masks. It was also noted that there was
a suf�cient number of extinguishers and a �re early

Table 2. Diseases suffered by workers in tanning factories
in Baghdad.

Name of the disease Number

severe spondylolisthesis 23
eczema and skin allergies 22
diabetic mellitus 20
osteoporosis and necrosis of the bones 18
blood pressure 10
Asthma 10
bronchial sensitivity 10
heart catheterization 3
Vitiligo 3
Tuberculosis 2
kidney surgery 1

Fig. 2. Percentage of workers who suffered from several diseases in tanning
Factories in Baghdad.

warning system in the main laboratories. In addition,
there are �re engines inside the tanning factories, fully
prepared in the event of an emergency or �re.

The diseases they suffer from are 23 (18.85 %) se-
vere spondylolisthesis, 23 (18.85%) eczema and skin
allergies, 20 (16.39%) diabetic mellitus, 18 (14.75%) os-
teoporosis and necrosis of the bones, 10 (8.19 %) blood
pressure, 10 (8.19%) asthma, 10 (8.19%) bronchial
sensitivity, 3 (2.45%) heart catheterization, 3 (2.45%)
vitiligo, 2 (1.63%) tuberculosis, and 1 (0.81%) kidney
surgery. It was also noted that all workers 122 (100%)
suffer from recurring headaches that range from mild
to severe and chronic, as seen in Table 2 and Fig. 2.

It has been observed that when following up on a
number of those referred for retirement, they were
suffering from an increase in the severity of the dis-
eases mentioned above. It was also noted that they
were suffering from types of cancer, such as intestinal
and breast cancer, as well as a de�ciency in immu-
nity and loss of appetite. Also, it observed a health
center available in the General Company for Leather
Industries to treat some cases that could be treated.
On the other hand, critical cases require review by
specialized doctors. The salaries that workers receive
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are low compared to the effort and time they expend,
therefore, most workers are late in diagnosing their
diseases, such as cancers, allergies, and bone diseases,
due to the high cost of treatment, which may require
them to travel outside Iraq.

4. Discussion

In addition to solvents (dichloromethane, benzene,
ethanol, tetrachloroethane, trichloroethylene), tan-
ning chemicals include calcium hydroxide, sodium
sul�de, sulfuric acid, formic acid, hydrogen sul�de,
and aniline-based dyes. Nitrile, formaldehyde, ni-
trocellulose, and resins are examples of �nishing
chemicals. Mineral salts like chromium sulfate, veg-
etable tannin, and �sh or animal oil are the three
most commonly used tanning agents. Dihydroxyace-
tone is the only chemical that is permitted (DHA).
The DHA reacts with the amino acids in your skin
to produce a browning effect, much like when you
toast bread or grill meat. The theory that breathing in
spray-on tanning chemicals could increase your risk
of developing cancer, asthma, or chronic obstructive
pulmonary disease (COPD) was validated by further
studies. Chromium salts, especially chromium alum
and chromium (III) sulfate, are used in chromium
tanning of leather. Chromium stabilizes the skin by
binding collagen �bers (Athavale et al., 2007; Febriana
et al., 2012).

In Indonesia, in the tanneries under investiga-
tion, the primary cause of occupational skin diseases
(OSDs) was chemical exposure to workers’ skin in
hot, muggy conditions. 9% of the 472 workers re-
ported having had OSD in the past, and 12% reported
having it now. Dermatologists con�rmed occupa-
tional contact dermatitis (OCD) in 7.4% of cases, and
OSD in 10% of cases. They found that personal protec-
tive equipment (PPE) was primarily worn as a result
of previous skin issues rather than as the main line of
defense against open-source disease (OSD) (Taghreed
Khudhur et al., 2019).

Within the vicinity of the tanning factories in Bagh-
dad, Iraq, the researchers examined the degree of pol-
lution and the potential health risks associated with
heavy metal (Cr) exposure. Calculations were made
to determine the concentration, mean, and median of
chromium. It is thought that there is a high level of
contamination in the soil to the north of the factory
down to a depth of 50 cm (Foroutan et al., 2020). Hides
are de-limed, batted, and pickled in the pre-tanning
phase. Using carbon dioxide and hydrogen peroxide,
de-liming is the process of removing too much lime.
The next step involves baking to eliminate extra hair
with a protease enzyme and natural fat with a lipase
enzyme. Using formic acid, H2SO4, sodium formate,

NaCl, and sodium metabisulphite, the hide is put into
an acidic condition (pickling). In this step, sodium for-
mate, sodium chloride, and sodium metabisulphite
are exposed to the worker’s skin. The employee’s skin
could become dehydrated from NaCl. Skin sensitizers
include sodium metabisulphite. The skin can become
irritated by substances such as sulfuric acid, caustic
soda, sodium sul�de, soda ash, acetic acid, and formic
acid. Metam sodium irritates the skin and causes con-
tact sensitization (Kaaman et al., 2010, Sasseville &
El-Helou, 2009, Dickel et al., 2002). Workers in tan-
neries are often reported to have chromate allergy.
There have also been reports of contact allergies to
urea formaldehyde resin and mimosa tree 	ower and
leaf extract (Athavale et al., 2007, Hu et al., 2020).

Workers were exposed to paint spray, organic
vapours, leather dust, dust, and mist during the �n-
ishing process. Cotton and leather gloves were worn
by some employees in the shaving and buf�ng de-
partment. In the spraying and dyeing area, workers
wore synthetic rubber gloves with cotton gloves in-
side. Dust masks were worn by employees who
handled vacuum dryers as well as staking, spraying,
sorting, and measuring. Synthetic leather is com-
monly produced using dimethylformamide (DMF) as
a solvent. Prior research has concentrated on workers
in leather factories who were exposed to DMF. The
exposure group consisted of 962 subjects over 60 who
lived close to the factories, while the control group
consisted of 1924 long-term residents who lived fur-
ther away from the factories. Exposure to DMF has
been associated with a higher risk of cardiac injury as
well as liver and kidney dysfunction (Palomba et al.,
2008).

The most frequent histopathological �nding about
the surface epithelium was squamous metaplasia
(64.7%), which was linked to mild to moderate dys-
plasia in 37 cases (41.1%). Extended occupational
exposure to tanning leather was substantially linked
to the presence of goblet cell hyperplasia. The type
and duration of occupational exposure did not appear
to be correlated with either dysplasia or squamous
metaplasia (Maniscalco et al., 2004). Nitric oxide (NO)
in exhaled air can be measured non-invasively to
measure airway or pulmonary in	ammation and to
measure the environmental irritant effects of air pol-
lution. This study set out to assess the levels of
NO exhaled by workers who produced synthetic
leather after being exposed to organic xylene solvents,
toluene, and methyl ethyl ketone. The concentra-
tions of environmental solvents were high but still
within acceptable exposure limits. When compared
to the controls, the leather workers exhaled NO con-
centrations rose by 40% at the end of the workday
(Jiménez-Garza et al., 2017).
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The most frequent histopathological �nding about
the surface epithelium was squamous metaplasia
(64.7%), which was linked to mild to moderate dys-
plasia in 37 cases (41.1%). Extended occupational
exposure to tanning leather was substantially linked
to the presence of goblet cell hyperplasia. The type
and duration of occupational exposure did not appear
to be correlated with either dysplasia or squamous
metaplasia (Maniscalco et al., 2004). Nitric oxide (NO)
in exhaled air can be measured non-invasively to
measure airway or pulmonary in	ammation and to
measure the environmental irritant effects of air pol-
lution. This study set out to assess the levels of
NO exhaled by workers who produced synthetic
leather after being exposed to organic xylene solvents,
toluene, and methyl ethyl ketone. The concentra-
tions of environmental solvents were high but still
within acceptable exposure limits. When compared
to the controls, the leather workers exhaled NO con-
centrations rose by 40% at the end of the workday
(Jiménez-Garza et al., 2017; Binazzi et al., 2021; Jawad
& Taghreed Khudhur, 2020; Binazzi et al., 2021; Ražić
et al., 2022). Airborne leather dust, benzidine-based
azo dyes, formaldehyde, arsenic, and a variety of
other known or suspected occupational carcinogens
are among the many risks that tannery workers may
face. Cancer development could be a consequence
of these exposures. A case-control study conducted
in the United States and research conducted in Italy
have both shown an excess of lung cancer, however,
other studies have not always con�rmed this �nd-
ing. Possible causes of the excess lung cancer cases
included arsenicals and chromium. Soft tissue sar-
coma risk was found to be signi�cantly higher, and
researchers have hypothesized that the tanneries’ use
of chlorophenols may have contributed to the de-
velopment of these cancers (Neiva et al., 2018). In
individuals who are not sensitized, exposure to 20
parts per million hexavalent chromium can result in
skin ulcers - a fully different process. When perform-
ing different tasks, tanning workers are frequently
exposed to airborne chromium levels 50–60 times
higher than controls (pharmaceutical industry in the
same area of Kenya), and their urine chromium levels
45–75 times higher than controls. Several respiratory
issues, including nasal ulcerations and perforations,
chronic bronchitis, dyspnea, coughing, and wheez-
ing. When absorbed through the skin, inhaled, or
consumed, chromium raises the risk of lung and
sinonasal cancers. Although adequate ventilation is
a crucial engineering control to lower occupational
exposure, it does not effect on release into the sur-
rounding air outside the tannery (Hedberg & Lidén,
2016; Moretto, 2015; Shelnutt et al., 2007; Hazard,
2014; Were et al., 2014; Hedberg et al., 2018; Mago

et al., 2023). During the tanning phase, chlorobenzene
is used. It is a skin sensitizer as well as a poten-
tial cause of chemical burns. Along with headaches,
nausea, vomiting, and dizziness, it is also known to
induce sleepiness. Damage to the kidneys or liver
may occur from severe exposures (Qi et al., 2017).
Leather �nishing agents such as dimethylformamide
(dimethyl formaldehyde) are utilized. Although it
can also be somewhat absorbed through inhalation,
skin absorption is normally how it is absorbed. As
the liver processes it, prolonged exposure can cause
damage to the liver. Dizziness, nausea, tightness in
the chest, 	ushing of the face, and abdominal pain
can all result from acute exposure. It is an irritant
to the skin. In urine, N-hydroxymethyl formamide
is used as a measurement unit. Avoiding substances
that are known to be hepatotoxic or that are metabo-
lized by the liver, such as alcohol and acetaminophen
(paracetamol), is advised due to the potential for
liver damage caused by dimethylformamide (Lee
et al., 2018; Arathanaikotti et al., 2023). The Tanning
phase uses glutaraldehyde as a preservative. It ir-
ritates the eyes and respiratory system, resulting in
headaches, runny noses, red eyes, and skin irritation.
When exposed repeatedly, it has been known to in-
duce allergic-type asthma. Humans have experienced
irritation of their throats and noses at vapour concen-
trations lower than 0.2 ppm. It causes skin sensitivity
(Misery, 2021; Hashim Bassim et al., 2018).

Although it is not a signi�cant issue in the
manufacture of leather, poor hygiene habits (such as
not washing your hands) may allow the Streptococcus
mutans bacteria to spread among employees,
particularly in settings where oral hygiene is
disregarded (Hassan et al., 2023). Leather factories
often involve handling raw animal hides, which
can be contaminated with Staphylococcus aureus.
Skin infections can occur in workers who have cuts,
abrasions, or inadequate skin protection (Jawad &
Taghreed Khudhur, 2020). Contaminated water used
in the tanning process could also be a source of
Escherichia coli. The bacteria and fungi can also thrive
in warm, moist environments, such as improperly
cleaned machinery or work surfaces, leading to
cross-contamination (Hussein et al., 2024).

5. Conclusion

National laws or regulations or the competent
authority should specify the measures to be taken to
ensure orderly cooperation between employers and
workers to promote safety and health in textile,
clothing, leather, and footwear manufacturing
establishments. These measures should include
the formation of safety and health committees
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representing employers and workers with the
stipulated powers and duties; Elect or appointing
empowered worker safety and health representatives
and supporting them with appropriate training and
de�nition of their duties; The employer appoints
suitably quali�ed and experienced persons and
provides appropriate training to promote safety and
health; Training of safety and health representatives
and members of the safety and health committee.
Dealing with accidents, illnesses, and hazardous
events that may involve risks or risks to safety and
health in the textile, clothing, leather, and footwear
industries; Use of self-contained respirators and
other personal protective equipment; In addition to
providing �re extinguishers and a �re alarm system.
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Ražić S.E., Kopjar N., Kašuba V., Skenderi Z., Akalović J., & Hren-
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