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» Foreword

At its 307th Session (March 2010), the ILO Governing Body approved the list of occupational diseases as
revised by the Meeting of Experts on the Revision of the List of Occupational Diseases (Geneva, 27-30
October 2009), which replaces the preceding list annexed to Recommendation No. 194. This new list,
which can be referred to as the “ILO List of Occupational Diseases (revised 2010)", is designed to assist
countries in the prevention, recording, notification and, if applicable, compensation of diseases caused
by work.

In the report of the Meeting of Experts and the discussion of the Governing Body on the new list, the
development of guidance on diagnosis and prevention of occupational diseases was considered to be a
priority for the application of the list.

This document is a response of the Office to the proposals of the 2009 Meeting of Experts and part of
its efforts to promote the application of the new list. A core group of internationally recognized experts
was called upon to help in collecting information on national diagnostic criteria and in formulating guid-
ance notes on the diagnosis and prevention of the occupational diseases specified in the ILO List of
Occupational Diseases (revised 2010).

The guidance notes reflect the collective wisdom and experts’' view of more than 40 international ex-
perts who have participated in the technical and consultant meetings on the content creation process,
drafting of chapters, sections, or paragraphs, reviewing or commenting on the contents of the guid-
ance notes. The contributions of all the experts, drafters, reviewers and contributors to the drafting,
revision and validation of this document are much appreciated. Dr Shengli Niu, Prof Claudio Colosio,
Dr Michele Carugno, and Dr Anil Adisesh have reviewed, validated, finalized, and edited the guidance
notes submitted by the individual drafters.

The guidance notes provide information and criteria to be considered in the diagnosis and prevention
of the diseases included in the ILO List of Occupational Diseases (revised 2010). It is intended for the
use of competent authorities, social security institutions, workers’ compensation funds, occupational
safety and health professionals, physicians, employers and workers, and persons in charge of recording,
notification, prevention, and compensation programmes for occupational diseases.

I should note that the responsibility for opinions and criteria presented in this publication rests solely
with the experts who contributed to the drafting and review, and that the publication of this document
does not constitute an endorsement by the ILO or the institutions with which the experts, drafters,
reviewers, and contributors are affiliated.

Joaquim Pintado Nunes
Chief

Labour Administration, Labour Inspection
and Occupational Safety and Health Branch
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» Diagnostic and exposure criteria for occupational diseases

» Preface

According to the Protocol of 2002 to the Occupational Safety and Health Convention, 1981 (No. 155),
the term “occupational disease” covers any disease contracted as a result of an exposure to risk factors
arising from work activity. The Employment Injury Benefits Recommendation, 1964 (No. 121), Paragraph
6(1), defines occupational diseases in the following terms: “Each Member should, under prescribed con-
ditions, regard diseases known to arise out of the exposure to substances and dangerous conditions in
processes, trades or occupations as occupational diseases.”

Two main elements are present in the definition of occupational disease:

» the causal relationship between exposure in a specific working environment or work activity and a
specific disease; and

» the fact that the disease occurs among a group of exposed persons with a frequency above the
average morbidity of the rest of the population.

The causal relationship is established on the basis of clinical and pathological data, occupational back-
ground and job analysis, identification and evaluation of occupational risk factors and of the role of other
risk factors.

As a general rule, the symptoms and signs alone are not sufficiently characteristic to enable an occupa-
tional disease to be diagnosed as such without the knowledge of the pathological changes engendered
by the physical, chemical, biological or other factors encountered in the exercise of an occupation.

Identification of occupational diseases has an impact not only on provisions of the employment injury
benefits, but also on national and on enterprise level preventive programmes. The ILO has had a long
history in identification of diseases as occupational in origin for the purpose of their prevention and com-
pensation. In 1919, the year of the creation of the ILO, anthrax and lead poisoning were declared as occu-
pational diseases at the first International Labour Conference. In 1925, Convention No. 18 on Workmen'’s
Compensation established the first ILO List of Occupational Diseases. In 1934, Convention No. 18
was revised and a new Workmen'’s Compensation Convention (No. 42) was adopted with a new ILO List
of Occupational Diseases. In 1964, the International Labour Conference adopted the Employment Injury
Benefits Convention (No. 121), which was appended with a list of occupational diseases in Schedule I.
This Schedule was amended in 1980.

The List of Occupational Diseases Recommendation, 2002, (No. 194) adopted by the International Labour
Conference in 2002 annexed a list of occupational diseases which was revised in 2010. The revised 2010
ILO List of Occupational Diseases represents the most recent ILO work in this regard. Recommendation
No. 194 encourages ILO Member States to establish their national lists of occupational diseases for the
purposes of prevention, recording, notification and, if applicable, compensation, and to comprise in their
national lists, to the extent possible, the diseases contained in the Annex to the Recommendation. This
2010 ILO List includes both specific occupational diseases arising from work activities and open items
that allow the recognition of a disease not listed as occupational in origin where a direct link is established
scientifically, or determined by methods appropriate to national conditions and practice, between the
exposure arising from work activities and the disease contracted by the worker.
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The 2010 ILO List is structured with four sections:

1) Occupational diseases caused by exposure to agents arising from work activities (chemical,
physical, biological agents and infectious or parasitic diseases)

2) Occupational diseases by target organ systems (respiratory diseases, skin diseases,
musculoskeletal disorders, and mental and behavioural disorders)

3) Occupational cancer
4) Other diseases

When the 2010 ILO List was adopted by the ILO Governing Body at its 307th session in March 2010,
guidance on diagnosis of occupational diseases was considered to be needed for the practical imple-
mentation of the new list and for the prevention of the diseases in the list. As a response, soon after the
adoption of the 2010 ILO List, a core group of internationally recognized experts was called upon to help
the Office in collecting and compiling useful information which could be used as reference material to
help in the identification and diagnosis of occupational diseases. The group was initially formed by the
members of the WHO Global Working Group on Occupational Health in ICD-11 and was composed of ex-
perts who worked at national and international levels on the identification, recognition and diagnosis of
occupational diseases. The 2010 ILO List of Occupational Diseases includes about 100 specified types or
groups of diseases caused by hazardous agents, diseases classified by target organ systems or included
under the categories of occupational cancer and other diseases. More than 40 experts have worked
throughout a timespan of ten years on this activity. Most of the experts contributed their expertise and
knowledge on a voluntary basis.

Experts in the core group were assigned to prepare guidance notes on the diagnosis and prevention of
the diseases included in the 2010 ILO List of Occupational Diseases based on their expertise, experience
and professional work activities. Several meetings of the core experts group were held to agree on the
framework and the templates to be used as the guidance notes on the diagnosis of the diseases specified
in the 2010 ILO List. The experts were asked to prepare the draft notes preferably in consultation with
their working teams in their affiliated institutions or through their professional technical networks. The
draft notes were reviewed and discussed at group meetings or through e-mail. The convenors of the
core experts group coordinated and arranged the review, by the group, of the work submitted by the
individual experts. The criteria proposed by the drafters were double-checked, and validated before the
finalization of the guidance notes, and the diseases discussed in the guidance notes were identified with
their corresponding codes in both the ICD-10 and ICD-11.

This publication is intended to assist ILO Member States in the recognition of the diseases specified in the
2010 ILO List as occupational in origin and in their inclusion in the national lists for the purpose of their
prevention, recording, notification and, if applicable, compensation.

A guidance note was prepared for each type or group of the disease items specified in the 2010 ILO List
according to the following structure:
1) For occupational diseases caused by exposure to agents arising from work activities:
a. General characteristics of the causal agent
b. Occupational exposures

c. Toxicological profile (for chemical agents) or biological mechanisms (for physical and
biological agents), main health effects and diagnostic criteria

d. Key actions for prevention
Further reading
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2) For occupational diseases by target organ systems:
Short profile of the aetiopathogenesis
Occupational exposures

Main health effects and diagnostic criteria

Key actions for prevention

o N T Q9

Further reading
3) For occupational cancer:
General characteristics of the causal agent
. Occupational exposures

a
b
c. Carcinogenic mechanisms, main health effects and diagnostic criteria
d. Key actions for prevention

e

Further reading

4) For specific diseases caused by occupations or processes, the structure mentioned under the
above 2) was used.

In the diagnostic criteria part, when appropriate, a minimum duration of exposure (defined as the min-
imum period of time needed by the noxious agent to cause the disease) and a maximum latent period
(defined as the time window between the beginning of the occupational exposure and the disease onset,
unless otherwise specified) were proposed based on the experience of the experts in the core group. The
experts in the core group also agreed that, when there was a difference between proposals, the shortest
minimum duration of exposure and the longest maximum latent period would be preferred.

Inthe “Further reading” sections, the key reference materials that were consulted to support the drafting
of the guidance notes have been listed. More detailed information on the topics concerned can be found
in these references.

The guidance notes are based on information from authoritative sources and the collective wisdom of the
drafters, reviewers and contributors and are edited by the Office. The individual viewpoints presented
in this publication are ultimately those of the experts and not of their institutions or the International
Labour Organization.



ILO List of Occupational Diseases'
(revised 2010)

1 Inthe application of this list the degree and type of exposure and the work or occupation involving a particular risk of exposure
should be taken into account when appropriate.
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Occupational diseases caused by exposure to agents
arising from work activities

1.1

1.1
11.2
1.1.3
1.1.4
1.1.5
1.1.6
1.1.7
1.1.8
1.1.9
1.1.10
111
1.1.12
1.1.13
1.1.14
1.1.15
1.1.16

1147
1.1.18
1.1.19
1.1.20
1.1.21
1.1.22
1.1.23
1.1.24
1.1.25
1.1.26
1.1.27
1.1.28
1.1.29
1.1.30
1.1.31
1.1.32
1.1.33
1.1.34
1.1.35
1.1.36
1.1.37
1.1.38
1.1.39

Diseases caused by chemical agents

Diseases caused by beryllium or its compounds

Diseases caused by cadmium or its compounds

Diseases caused by phosphorus or its compounds

Diseases caused by chromium or its compounds

Diseases caused by manganese or its compounds

Diseases caused by arsenic or its compounds

Diseases caused by mercury or its compounds

Diseases caused by lead or its compounds

Diseases caused by fluorine or its compounds

Diseases caused by carbon disulfide

Diseases caused by halogen derivatives of aliphatic or aromatic hydrocarbons
Diseases caused by benzene or its homologues

Diseases caused by nitro- and amino-derivatives of benzene or its homologues
Diseases caused by nitroglycerine or other nitric acid esters

Diseases caused by alcohols, glycols or ketones

Diseases caused by asphyxiants like carbon monoxide, hydrogen sulfide, hydrogen cyanide or its
derivatives

Diseases caused by acrylonitrile

Diseases caused by oxides of nitrogen

Diseases caused by vanadium or its compounds
Diseases caused by antimony or its compounds
Diseases caused by hexane

Diseases caused by mineral acids

Diseases caused by pharmaceutical agents
Diseases caused by nickel or its compounds
Diseases caused by thallium or its compounds
Diseases caused by osmium or its compounds
Diseases caused by selenium or its compounds
Diseases caused by copper or its compounds
Diseases caused by platinum or its compounds
Diseases caused by tin or its compounds
Diseases caused by zinc or its compounds
Diseases caused by phosgene

Diseases caused by corneal irritants like benzoquinone
Diseases caused by ammonia

Diseases caused by isocyanates

Diseases caused by pesticides

Diseases caused by sulphur oxides

Diseases caused by organic solvents

Diseases caused by latex or latex-containing products
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1.1.40 Diseases caused by chlorine

1.1.41 Diseases caused by other chemical agents at work not mentioned in the preceding items where

a direct link is established scientifically, or determined by methods appropriate to national con-
ditions and practice, between the exposure to these chemical agents arising from work activities
and the disease(s) contracted by the worker

1.2 Diseases caused by physical agents

1.2.1 Hearing impairment caused by noise

1.2.2 Diseases caused by vibration (disorders of muscles, tendons, bones, joints, peripheral blood ves-
sels or peripheral nerves)

1.2.3 Diseases caused by compressed or decompressed air

1.2.4 Diseases caused by ionizing radiations

1.2.5 Diseases caused by optical (ultraviolet, visible light, infrared) radiations including laser

1.2.6 Diseases caused by exposure to extreme temperatures

1.2.7 Diseases caused by other physical agents at work not mentioned in the preceding items where
a direct link is established scientifically, or determined by methods appropriate to national con-
ditions and practice, between the exposure to these physical agents arising from work activities
and the disease(s) contracted by the worker

1.3  Biological agents and infectious or parasitic diseases

1.3.1  Brucellosis

1.3.2 Hepatitis viruses

1.3.3 Human immunodeficiency virus (HIV)

1.3.4 Tetanus

1.3.5 Tuberculosis

1.3.6  Toxic or inflammatory syndromes associated with bacterial or fungal contaminants

1.3.7 Anthrax

1.3.8 Leptospirosis

1.3.9 Diseases caused by other biological agents at work not mentioned in the preceding items where
adirectlink is established scientifically, or determined by methods appropriate to national condi-
tions and practice, between the exposure to these biological agents arising from work activities
and the disease(s) contracted by the worker

2 Occupational diseases by target organ systems

2.1 Respiratory diseases

2.1.1 Pneumoconioses caused by fibrogenic mineral dust (silicosis, anthraco-silicosis, asbestosis)

2.1.2  Silicotuberculosis

2.1.3 Pneumoconioses caused by non-fibrogenic mineral dust

2.1.4 Siderosis

2.1.5 Bronchopulmonary diseases caused by hard-metal dust

2.1.6  Bronchopulmonary diseases caused by dust of cotton (byssinosis), flax, hemp, sisal or sugar cane
(bagassosis)

2.1.7 Asthma caused by recognized sensitizing agents or irritants inherent to the work process

2.1.8 Extrinsic allergic alveolitis caused by the inhalation of organic dusts or microbially contaminated

aerosols, arising from work activities
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2.1.9

2.1.10

211

2112

2.2
2.2

2.2.2

2.2.3
2.24

2.3
2.31

2.3.2

2.3.3
234
2.3.5
2.3.6
2.37

2.3.8

2.4

2.41
2.4.2

Chronic obstructive pulmonary diseases caused by inhalation of coal dust, dust from stone quar-
ries, wood dust, dust from cereals and agricultural work, dust in animal stables, dust from textiles,
and paper dust, arising from work activities

Diseases of the lung caused by aluminium

Upper airways disorders caused by recognized sensitizing agents or irritants inherent to the work
process

Other respiratory diseases not mentioned in the preceding items where a direct link is estab-
lished scientifically, or determined by methods appropriate to national conditions and practice,
between the exposure to risk factors arising from work activities and the disease(s) contracted by
the worker

Skin diseases
Allergic contact dermatoses and contact urticaria caused by other recognized allergy-provoking
agents arising from work activities not included in other items

Irritant contact dermatoses caused by other recognized irritant agents arising from work activities
not included in other items

Vitiligo caused by other recognized agents arising from work activities not included in other items

Other skin diseases caused by physical, chemical or biological agents at work not included under
other items where a direct link is established scientifically, or determined by methods appropriate
to national conditions and practice, between the exposure to risk factors arising from work activ-
ities and the skin disease(s) contracted by the worker

Musculoskeletal disorders
Radial styloid tenosynovitis due to repetitive movements, forceful exertions and extreme postures
of the wrist

Chronic tenosynovitis of hand and wrist due to repetitive movements, forceful exertions and
extreme postures of the wrist

Olecranon bursitis due to prolonged pressure of the elbow region

Prepatellar bursitis due to prolonged stay in kneeling position

Epicondylitis due to repetitive forceful work

Meniscus lesions following extended periods of work in a kneeling or squatting position

Carpal tunnel syndrome due to extended periods of repetitive forceful work, work involving vi-
bration, extreme postures of the wrist, or a combination of the three

Other musculoskeletal disorders not mentioned in the preceding items where a direct link is
established scientifically, or determined by methods appropriate to national conditions and prac-
tice, between the exposure to risk factors arising from work activities and the musculoskeletal
disorder(s) contracted by the worker

Mental and behavioural disorders

Post-traumatic stress disorder

Other mental or behavioural disorders not mentioned in the preceding item where a direct link
is established scientifically, or determined by methods appropriate to national conditions and
practice, between the exposure to risk factors arising from work activities and the mental and
behavioural disorder(s) contracted by the worker
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Occupational cancer

3.1

3.1
3.1.2
3.1.3
314
3.1.5
3.1.6
317
3.1.8
3.1.9
3.1.10
3.1M

3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20
3.1.21

Cancer caused by the following agents

Asbestos

Benzidine and its salts

Bis-chloromethyl ether (BCME)

Chromium VI compounds

Coal tars, coal tar pitches or soots

Beta-naphthylamine

Vinyl chloride

Benzene

Toxic nitro- and amino-derivatives of benzene or its homologues
Ionizing radiations

Tar, pitch, bitumen, mineral oil, anthracene, or the compounds, products or residues of these
substances

Coke oven emissions

Nickel compounds

Wood dust

Arsenic and its compounds

Beryllium and its compounds

Cadmium and its compounds

Erionite

Ethylene oxide

Hepatitis B virus (HBV) and hepatitis C virus (HCV)

Cancers caused by other agents at work not mentioned in the preceding items where a direct link
is established scientifically, or determined by methods appropriate to national conditions and
practice, between the exposure to these agents arising from work activities and the cancer(s)
contracted by the worker

Other diseases

41
4.2

Miners' nystagmus

Other specific diseases caused by occupations or processes not mentioned in this list where a
direct link is established scientifically, or determined by methods appropriate to national con-
ditions and practice, between the exposure arising from work activities and the disease(s) con-
tracted by the worker
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Guidance notes for diagnosis and
prevention of the diseases specified in
the ILO List of Occupational Diseases
(revised 2010)



» Part I: List of occupational diseases

1. Occupational diseases
caused by exposure to agents
arising from work activities

1.1. Diseases caused by chemical agents
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General
characteristics
of the causal
agent

Beryllium (Be), CAS number 7440-41-7, is a chemical element with one stable isotope (°Be)
and a mean atomic mass of 9.01 Da. It is situated in Group 2 (2-A; Alkali earths) of the peri-
odic table and has only one oxidation number (II). Beryllium is the lowest density metal in
the periodic table (1.85 g-cm-3). Metallic beryllium is steel-grey in colour. It is mechanically
strong (with high tensile strength), and light-weight. It is non-sparking, non-magnetic, has
excellent thermal conductivity, is corrosion resistant, and has one of the highest melting
points of the light metals (1,287°C). A surface layer of beryllium oxide will protect the
underlying metal from further oxidation in air and water. Unprotected metal reacts with
acids to yield soluble Be (II) tetra-hydrated and oligomeric oxygen-bridged species, which
in turn undergo extensive hydrolysis in water to yield acidic solutions. Soluble beryllium
salts taste sweet, hence the previous alternative chemical name of the element, glucinium.

Beryllium occurs in the environment only in the form of its compounds. Its commonest
ores are beryl (double silicate of aluminium and beryllium) and bertrandite (beryllium
hydroxosilicate). Very pure gem-quality beryls are known as blue-green aquamarine and
green emerald. Beryllium extraction from beryl and bertrandite ores is known to take place
industrially only in the USA, China and Kazakhstan. In 2020, the USA was the largest manu-
facturer and exporter of beryllium. Processing uses corrosive chemicals and high tempera-
tures to produce beryllium hydroxide. The elemental metal is obtained by electrolysis of
beryllium hydroxide or by thermal reduction with magnesium.

In the chemical industry beryllium compounds are used as Lewis acids in catalysts. Beryl-
lium oxide is the bulk constituent of ceramic materials with electrical conducting properties
employed in high technology applications. It is the starting material to produce beryllium
metal, that is used primarily as a hardening agent in alloys (it is no longer used in fluores-
cent lamps).

Beryllium-copper (up to 4% beryllium) is the most common beryllium-containing alloy,
prepared by fusing beryllium oxide with copper. It is characterized by high electrical con-
ductivity, wide temperature tolerance, high elasticity and fatigue strength, and corrosion
resistance.

Because of these properties, copper-beryllium alloys are used extensively in industry:
+ in mechanical parts subject to high wear or extreme vibration, e.g. in bearings, cams,
gears, and corrosion-resistant springs in automobiles,
+ in electrical contacts, switches, relays and connectors,

+ in high-end industries and applications (especially defence industries), such as aero-
space, electronics, radar, telecommunications, computers, civil and military nuclear
appliances,

* in the manufacture of:
- high strength non-sparking tools,
- casts for moulding metal, glass, and plastic items,
- some alloys for dental use,
- consumer goods such as sports equipment (golf clubs and bicycle frames),
- ceramics installed in microwave ovens.

Beryllium-aluminium (<1-60% beryllium) is used in high technology applications, such as
aircraft, scientific devices on spacecraft, defence avionics, packaging, high resolution med-
ical and industrial X-ray equipment.

Beryllium-nickel (0.275-7% beryllium) has high tensile strength and has age-hardening
characteristics. Among its uses are diamond drill-bit matrices, watch balance wheels and
airplane brakes.

Occupational
exposures

Occupational exposure to beryllium dusts and fumes occurs in all phases of metal
extraction and refining. In the preparation of its alloys into usable goods (processing by
melting, grinding, welding, drilling), and in the decommissioning and recycling of items
and waste materials. Recycling of end-life manufactured goods for valuable constituents
can be a source of high exposure, especially in the informal sector, where precautions may
not be taken. About 1% to 15% of workers using beryllium are thought to be exposed
to levels that are unsafe. Since beryllium is predominantly used as an alloy with copper,
aluminium and nickel, the importance of co-exposure with other metals like these has to
be considered (for each metal, see the corresponding item).
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Toxicological profile, main health effects and diagnostic criteria

Short Beryllium induces immunologic reactions in exposed and sensitized individuals, by trig-
toxicological gering a type IV hypersensitivity response to beryllium antigen in T lymphocytes. White
profile blood cells accumulate around beryllium-containing solid particles (e.g. beryllium oxide
and alloys, the most important being beryllium-copper alloy) without being able to phago-
cytise and clear them from tissue. Lung mononuclear cell inflammation and granuloma
formation is maintained by the accumulation in lung tissue of CD4 memory T cells specific
for beryllium. Granulomas most often form in the lung, since inhalation is by far the most
common entry route of beryllium dusts. However, very fine beryllium particles can travel
through the body by the lymphatic route to organs such as the liver and the skin, where
granulomas may progressively enlarge.

The dividing lines between acute irritant effects, beryllium sensitization, and chronic
beryllium disease are unclear. Progression from exposure to sensitization, and to chronic
beryllium disease partly depends on genetic susceptibility.

Beryllium causes dermatitis and lung diseases, which include acute berylliosis, chronic
beryllium disease and lung cancer. The IARC recognizes beryllium and beryllium com-
pounds as a Group 1 carcinogen (see item 3.1.16).

Name of the diseases and ICD code: Acute beryllium disease (Specific disease code) +T56.7 +Z57

Berylliosis (lung) (J63.2), Acute bronchitis and pneumonitis (J68.0), Upper respiratory inflammation (J68.2),
Pulmonary oedema (J68.1), Acute conjunctivitis (H10.2), Allergic contact dermatitis (L23), Irritant contact
dermatitis (L24)

Short description of the disease

Acute beryllium disease is now far rarer than in the 20th century. The acute effects typically involve the skin and
the respiratory system. The eye can be affected with either conjunctivitis or contact sensitization. Contact der-
matitis can be either irritant or allergic. The acute respiratory effects can range from a mild inflammation of the
nasopharynx, trachea and bronchi to a severe pneumonitis, presumed to be of chemical origin. Acute beryllium
disease may be part of a spectrum of sensitization to beryllium since the skin manifestations often precede the
onset of pneumonitis, suggesting a delayed type hypersensitivity. Signs and symptoms include malaise and weight
loss, dyspnoea, fever, cough (sometimes with haemoptysis); breathlessness may be present with infiltrates seen
on chest X-ray. Avoiding further exposure often leads to resolution, but there may be some chronic lung fibrosis.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:
- Acute beryllium disease can affect the skin, mucous membranes and respiratory tract causing dermatitis,
rhinitis, pharyngitis, tracheobronchitis, and pneumonitis.

- Acute pneumonitis is potentially the most serious consequence of acute exposure to very high levels
of soluble beryllium salts. The main presenting symptom is shortness of breath; malaise, anorexia, and
weight loss are also common findings.

- The clinical course of acute beryllium disease is very variable. It may range from mild, self-limiting illness,
to persistent chronic disease, or rapidly progressive and fatal disease. Fibrosis may develop among indi-
viduals surviving an acute episode.

- Ulceration and subcutaneous granulomas develop if small beryllium crystals penetrate the skin.
+ Examinations:
- Chest auscultation may reveal crackles or wheezes.

- Chest X-ray may show increased broncho-vascular markings, diffuse bilateral alveolar infiltrates or severe
bilateral pulmonary oedema.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to beryllium or its salts (exposures are
typically very high). If available, monitoring of workplace air concentrations. Acute respiratory symptoms
leading to pneumonitis might require concentrations as high as 25 pg/m3. On the other hand, sensitiza-
tion can occur at beryllium levels lower than 0.02 pg/m3. The blood Beryllium Lymphocyte Proliferation Test
(BeLPT) is an in-vitro measure of the beryllium antigen-specific cell-mediated immune response, and is a
marker of past exposure.

+ Minimum duration of exposure: in sensitized individuals, even a single exposure can lead to health effects.

+ Maximum latent period: a few days following very high pulmonary short-term exposure, or weeks following
prolonged exposure at lower concentrations (depending on the intensity of exposure). For skin manifesta-
tions, two weeks from first exposure to occurrence of the dermatitis, except in the case of heavy exposures,
when an irritant reaction may be immediate. One month for granulomas.

For allergic and irritant contact dermatoses, refer to item 2.2.1 and 2.2.2, respectively.
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Name of the diseases and ICD code: Chronic beryllium disease (CBD) (Specific disease code) +156.7 +Z57

Chronic berylliosis (J63.2), Hepatic granulomas (K75), Granulomatous nodular skin lesions (L92.8)

Short description of the disease

Chronic beryllium disease (CBD) was first described in the USA in fluorescent lamp workers. It consists of a chronic
granulomatous disorder affecting lungs, liver and skin, caused by a cell-mediated sensitization to beryllium (a type
IV hypersensitivity reaction). It follows the inhalation of fumes and respirable dusts of beryllium salts, oxides and
alloys. There is no evidence that treatment changes the natural history of subclinical CBD. While removal from
further exposure is advised, there is no evidence whether this improves outcome, and after hypersensitivity to
self-tissues is established, a progression to CBD can occur years after exposure has ceased. Beryllium poisoning
can produce hepatomegaly, hepatonecrosis, and granulomas, with beryllium containing nodules similar to the
lesions observed in sarcoidosis.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: CBD is characterized by dyspnoea on exertion, weight loss, non-productive cough,
fatigue, chest pain, anorexia, and weakness. Symptoms progress in severity over a long period. Advanced
cases display clubbing of the fingers and a combination of fibrosis and active interstitial inflammation. Cor
pulmonale can develop and is a cause of death in very advanced cases.

* Examinations:
- Crackles on chest auscultation.
- Impaired performance in exercise testing.
- Restrictive or mixed obstructive/restrictive changes in lung function.
- Reduction of carbon monoxide diffusing capacity (D, o).
- Chest X-ray might reveal a reticulonodular infiltrate.

- CT scan may identify parenchymal nodules, septal lines, ground glass opacities and hilar or mediastinal
adenopathy.

- Abdominal ultrasonography and liver biopsy may show evidence of granulomas.

- Increased total white cells with CD4+ T lymphocyte predominance on bronchoalveolar lavage (BAL). BeLPT
can be undertaken on lavage fluid.

- Histological evidence of non-caseating granulomas in bronchial tissue on either transbronchial biopsy or
thoracoscopic lung biopsy.

- Positive BeLPT (CBD is characterized by a Type 1V, cell-mediated delayed hypersensitivity reaction).
New tests are under evaluation including beryllium stimulated neopterin test and beryllium specific cytokine pro-
liferation tests.
Classification
Three diagnostic groups have been proposed:

1. Beryllium sensitization:
a. Evidence of a beryllium-specific immune response as indicated by
i. abnormal blood BeLPT or
ii. positive beryllium skin patch test.
b. No evidence of granuloma on lung biopsy.
2. Subclinical CBD:
a. Evidence of a beryllium-specific immune response (see 1.a).
b. Histopathological changes on lung biopsy consistent with CBD such as
i. non-caseating granulomas, and
ii. mononuclear cell infiltrate.
c. No respiratory symptoms or physiological abnormalities.
3. Clinically evident CBD:
a.2a+2band
b. signs and symptoms as described above.
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Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to beryllium, and workplace monitoring
data, if available.

* Minimum duration of exposure: beryllium sensitization may occur as early as a few months after initial expo-
sure.

+ Maximum latent period: On average, CBD develops six to ten years after exposure, but has been reported to
occur as early as three months after initial exposure, or with a latency up to 40 years.

Name of the diseases and ICD code: Occupational lung cancer due to beryllium
(Specific disease code) +T56.7 +Z57

Lung cancer (C34)

Refer to item 3.1.16.

Key actions for The technological uses of beryllium are unlikely to be eliminated in the foreseeable future,
prevention and might expand in the production of high technology end products. Because beryllium is

persistent in the body, the most effective prevention of beryllium-related disease is avoid-
ance of exposure by adopting the most stringent level of precaution. This is made easier
by the fact that the manipulation of beryllium often occurs in manufacturing shops of high
technology industry, where the products are protected from contamination through the
workers' use of full-cover suits, facemasks and gloves. The protection of workers stems
from the avoidance of skin and eye contact. Therefore, extraction, metallurgy, lower-level
manufacturing and recycling are the industrial sectors where higher exposure can occur
and need particular attention from safety and health professionals.

Proximity or indirect exposure of workers may result in hazardous levels. “Take home”
contamination of work clothing can expose families, effluents from plants can expose the
general population, and both can cause disease. To assess exposure to airborne beryllium
dusts, measurement by air sampling of the personal breathing zone is preferred to area
/background sampling. Various occupational exposure limits are suggested or enforced
in different countries. In 2018, the USA Occupational Health and Safety Administration
reduced the Permissible Exposure Limit for beryllium to 0.2 pg/m3, but it is possible that
chronic beryllium disease will occur at exposures lower than this. The American Confer-
ence of Governmental Industrial Hygienists (ACGIH) recommends a non-mandatory 8hr
time-weighted average Threshold Limit Value (TLV-TWA) in air of 0.05 pg/m3, and this is
used in a number of countries.

Health surveillance using the blood beryllium lymphocyte proliferation test (BeLPT) is
widely recommended as a biomarker of exposure. The sensitivity of a single test is medi-
ocre, but improves with repeated testing. The interpretation of a single positive BeLPT is
problematic, and if facilities are available, bronchoalveolar lavage (BAL) and transbronchial
biopsy of any lesions could be undertaken. A single positive BAL BeLPT is considered diag-
nostic of beryllium sensitization. Following sensitization, removal from further exposure is
advised, but there is little evidence that this improves outcome.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC
Beryllium Glucinium 0226
Beryllium oxide Beryllia, Beryllium monoxide 1325
Beryllium sulphate 1351
Beryllium nitrate 1352
Beryllium carbonate Beryllium basic carbonate 1353
Beryllium chloride 1354
Beryllium fluoride Beryllium difluoride 1355

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.1 | Toxic effects of beryllium and its compounds T56.7 NE61 & XM4QG7
1.1.1  Berylliosis (acute/chronic) 163.2 CA60.6
1.1.1  Acute bronchitis and pneumonitis ]68.0 CA81.0
1.1.1 | Upper respiratory inflammation 168.2 CA81.2
1.1.1 Pulmonary oedema 168.1 CA81.1
1.1.1 | Conjunctivitis H10.2 9A60.Z
1.1.1  Allergic contact dermatitis L23 EKOO
1.1.1 | Irritant contact dermatitis L24 EKO2
1.1.1  Skin ulceration L98.4 MEG60.Z
1.1.1  Granulomatous nodular skin lesions 192.8 EEBY
1.1.1  Hepatic granulomas K75 DB97.1
1.1.1 | Lung cancer C34 2C25.2
Occupational exposure to risk factors 757 QD84yY



https://www.osha.gov/sites/default/files/methods/1023.pdf
https://www.osha.gov/sites/default/files/methods/1023.pdf
https://www.ilo.org/dyn/icsc/showcard.listCards3?p_lang=en
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1.1.2 Diseases caused by cadmium or its compounds ICD Code T56.3 +Z57

General Cadmium (Cd), CAS number 7440-43-9, is the chemical element with atomic number 48
characteristics in the periodic table of the elements. It has several stable isotopes between 06Cd and
of the causal 116Cd, with 14Cd and 112Cd being the most abundant (24% and 29%, respectively). Its mean
agent atomic mass is 112.4 Da. Cadmium belongs to Group 12 (2-B; Transition metals) in the

element families and features only the oxidation number II.

Cadmium is a silver-white, malleable metal, which has a low melting point (327°C) and is
highly resistant to corrosion, although its standard reduction potential is at -0.40 V due to
the protection afforded by the superficial oxide layer. Cadmium metal dissolves in mineral
acids with the production of flammable hydrogen gas, and its dust reacts exothermically
with hydrogen azide, sulphur, selenium and tellurium and oxidants. These reactions pres-
ent a fire and explosion hazard.

Cadmium has many chemical and physical similarities to zinc and occurs together with zinc
in several minerals. It is a by-product of smelting zinc and some lead ores.

The main cadmium compounds are cadmium acetate, cadmium sulphide, cadmium sul-
pho-selenide, cadmium stearate, cadmium oxide, cadmium carbonate, cadmium sulphate,
and cadmium chloride. Exposure of the general population to cadmium has occurred
through ingestion of contaminated rice and other foods, and possibly through drinking-
water. Cigarettes contain relatively high levels of cadmium, which derives naturally from
the metal accumulated by the leaves and stems of tobacco grown in soil containing cad-
mium. This source contributes significantly to the non-occupational exposure of smokers.

Occupational About 80% of cadmium industrial usage is represented by manufacturing of nickel-
exposures cadmium batteries. Other uses include electroplating (mainly of iron and steel), paint pig-
ments, and stearate heat stabilization in polyvinyl chloride (PVC) plastics. Cadmium can
also be found as an impurity in other metals (zinc, lead and copper), in fossil fuels (coal,
oil, gas, peat and wood), in cement, and in phosphate fertilizers. This latter source may be
as high as 300 grams per ton of extracted phosphate and the use of such material in the
production of fertilizers results in contamination of agricultural soils.

Among the inorganic salts of cadmium, the most industrially important is cadmium stea-
rate, followed by cadmium sulphide and cadmium sulphoselenide, which are used as yel-
low and red pigments in plastics and other materials. Cadmium sulphide is also used in
photo- and solar cells. Cadmium chloride is the main chemical form of cadmium used in
electroplating, and has a minor use as a fungicide, colorant for pyrotechnics, an additive
in tinning solutions, and mordant in dyeing and printing textiles. Minor uses include the
production of special photographic films and the manufacture of specialised mirrors and
coatings for electronic vacuum tubes.

Cadmium oxide is used in electroplating, in the preparation of PVC heat stabilizers, and
as a component of silver alloys, phosphors, semiconductors, and glass-ceramic glazes.
Cadmium fumes are generated in potentially toxic concentrations in the production of
cadmium alloys, in welding, and oxyacetylene cutting of cadmium coated steel and rivets.
Also in the smelting, melting, and refining of metals that contain cadmium. Cadmium accu-
mulates in food crops and drinking water (in which it remains soluble at pH levels around
neutral), and ingestion often adds to occupational exposures. Absorption of cadmium from
the gutincreases in iron deficiency, and workers with poor diets and menstruating females
are at higher risk of toxicity.

Summarizing, workers may be exposed to cadmium, in occupational settings, through the
inhalation of oxide fumes generated during heating or welding of cadmium-containing
materials, or inhalation of particles of metal, oxide and pigment dust. The highest occupa-
tional exposures to cadmium occur in industries involving smelting and refining of metals,
metal machining, battery manufacture, electroplating, plastics, ceramics, paint, and weld-
ing operations.
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Toxicological profile, main health effects and diagnostic criteria

Short Cadmium does not have any physiological function, and exerts toxicity by a number of
toxicological different mechanisms, particularly affecting mitochondria. It is known to increase oxidative
profile stress by acting as a catalyst in the formation of reactive oxygen species, increasing lipid

peroxidation, and depleting glutathione and protein-bound sulfhydryl groups. Cadmium
stimulates the production of inflammatory cytokines and down-regulates the protective
function of nitric oxide formation.

Once absorbed from the respiratory and gastrointestinal tracts, cadmium binds to metallo-
thionein, an abundant protein carrier of transition metal ions and semi-metals. Circulating
cadmium (bound to glutathione and metallothionein) accumulates over time in the body
and some is permanently retained in the kidney. In consequence, the kidneys (in particular
kidney tubules) are the main target of cadmium toxicity. Due to its similarity to calcium,
absorbed cadmium accumulates in the bones. Cadmium is excreted in urine, largely as
cadmium-metallothionein complex, but the rate of excretion is low. This results in a very
long biological half-life of about fifteen to thirty years.

Inhalation of cadmium fume gives respiratory symptoms accompanied by fever and sys-
temic malaise, and high exposures can result in death. Thus, the lungs are a target organ
in acute high-level exposures to inhaled cadmium fumes, while the kidneys and the skeletal
systems are mainly affected by chronic toxic effects of cadmium exposure. Cadmium and
cadmium compounds have been classified by IARC as carcinogenic to humans (Group 1)
(see item 3.1.17).

Name of the diseases and ICD code: Acute diseases caused by cadmium or its compounds
(Specific disease code) +T56.3 +Z57

Acute chemical bronchitis and pneumonitis (J68.0), Reactive airways dysfunction syndrome (RADS) (J68.3),
Acute chemical pulmonary oedema ()J68.1)

Short description of the disease

Inhalation of cadmium fumes causes profound damage to the respiratory system; rhinitis, tracheo-bronchitis,
pneumonitis, reactive airways dysfunction syndrome (RADS) and pulmonary oedema. Symptoms may appear 4 to
10 hours after exposure. Initial symptoms resemble a flu-like illness, with chills, fever, and myalgia. Later symptoms
include chest pain, cough, and dyspnoea. Bronchospasm and haemoptysis may also occur. It has been estimated
that an 8-hour exposure to 5 mg/m3 may be lethal. The immediately dangerous to life or health level (IDLH) is
estimated at 1 mg/m3 per 8 hours. Ingestion of large amounts of cadmium may occur accidentally by hand-mouth
contact from cadmium-contaminated hands or food. As little as 10 mg is sufficient to cause severe erosion of the
gastrointestinal tract, while more than 100 mg is considered to be lethal.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: following inhalation, symptoms develop within 4-24 hours - cough, dyspnoea, chest
pain, dryness and irritation of the nose and throat, headache, dizziness, memory loss, weakness, pain in
the back and limbs, fever, chills, metallic taste, and sweating. The presentation may resemble typical “metal
fume fever” (i.e., thirst, chills muscle-aches, shivering and fever, headache and nausea), followed in some
cases by pseudo-influenza symptoms progressing to pulmonary oedema or respiratory failure. Sufficient
cadmium exposure can lead to decreased glomerular filtration rate (GFR) and chronic renal failure mani-
fested by: aminoaciduria, glycosuria, hypercalciuria, hyperphosphaturia, polyuria, and reduced buffering
capacity for acids. Death following acute inhalation is usually due to pulmonary oedema with onset 4-7
days after exposure. Subjects who survive acute cadmium poisoning may recover without residual damage,
although permanent respiratory function impairment has been reported. Following ingestion, the principal
symptoms of acute poisoning appear within 15-30 minutes: abdominal pain, diarrhoea, nausea, vomiting,
and muscle cramping, vertigo, bone pain, loss of consciousness, convulsions and even coma.

+ Examinations: chest X-ray, pulmonary function tests, arterial blood gas analysis, full blood count, and elec-
trocardiogram (ECG) can assist in diagnosis. During the initial flu-like symptoms, pulmonary function tests
are usually normal. Although there is likely to be an inflammatory lung infiltrate of polymorphonuclear leu-
kocytes, the chest radiograph should also be clear. A peripheral blood leucocytosis is usually present. If the
disorder progresses, respiratory function becomes compromised and infiltrates or other changes appear
on the chest radiograph. Histologic findings in the lungs after such exposures include hyperaemia of the
trachea and bronchi, pulmonary oedema, intra-alveolar haemorrhage, fibroblastic proliferation, hyperplasia
of alveolar lining cells, and thrombosis of small blood vessels. Blood or urine cadmium levels are elevated,
as well as levels in tissues such as lung, liver, kidney. The tissue concentrations of cadmium may help in the

forensic examination of fatalities resulting from either acute or chronic poisoning.
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Exposure assessment

+ History of occupational exposure: confirmed intense occupational exposure to cadmium fumes and dusts.
+ Minimum duration of exposure: few minutes.
* Maximum latent period: 48 hours.

Name of the diseases and ICD code: Chronic diseases caused by cadmium or its compounds
(Specific disease code) +T56.3 +Z57

Pulmonary emphysema (J68.4)

Short description of the disease

Most cases of acute lung injury resolve without permanent effects. However, long-term respiratory effects are
observed following chronic exposure to cadmium fumes and dusts, mainly chronic obstructive pulmonary disease
and emphysema.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: chronic cough, dyspnoea, and sputum production; wheezes, decreased intensity of
breath sounds, and prolonged expiration on physical examination.
* Examinations:

- Airflow limitation on pulmonary function testing that is not fully reversible and is most often progressive.

- Radiographs of patients with chronic bronchitis typically show only nonspecific peri-bronchial and peri-
vascular markings. Plain radiographs are insensitive for the diagnosis of emphysema; they show hyperin-
flation with flattening of the diaphragm or peripheral arterial deficiency in about half of cases. Computed
tomography (CT) of the chest, particularly using high-resolution CT, is more sensitive and specific than
plain radiographs for diagnosis. In advanced disease, pulmonary hypertension may be suggested by
enlargement of central pulmonary arteries on radiographs, and Doppler echocardiography provides an
estimate of pulmonary artery pressure.

- Elevated urinary and blood cadmium concentration. Note that cadmium excretion in urine increases only
when the binding capacity of kidney metallothionein is exceeded. Therefore, cadmiuria suggests very high
exposures, and signs of early nephrotoxicity are also usually present (see below).

- The determination of cadmium concentrations in lung, liver, and kidney may be useful in forensic exam-
ination of fatalities resulting from either acute or chronic poisoning.

Exposure assessment

+ History of occupational exposure: confirmed long-term occupational exposure to high airborne concentra-
tions of cadmium (fumes and dusts). For example, airborne cadmium concentrations significantly exceeding
the American Conference of Governmental Industrial Hygienists (ACGIH) 8hr Time-Weighted Average (TWA)
Threshold Limit Value (TLV) of 2 pg/m3.

+ Minimum duration of exposure: usually 10 years.
+ Maximum latent period: six years.

Anosmia (R43.0)

Short description of the disease

Anosmia is a common finding in chronic cadmium poisoning that results from damage to the olfactory epithelium,
for which cadmium has a strong affinity. In addition, once bound to glutathione and metallothionein in the olfac-
tory epithelium, cadmium can cross the blood brain barrier and accumulate in the brain.

Available data show a correlation between olfactory impairment and cadmium concentrations in blood and urine.
This is a specific toxic effect on the olfactory epithelium and is not correlated with direct irritation.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: a decrease or loss in olfaction results in a changed perception of flavour, which includes
both smell and taste. The presence of other respiratory manifestations due to cadmium poisoning should be
assessed, together with potential tubular proteinuria, in most advanced cases.

+ Examinations: olfactory abnormalities can be detected with formal testing, that usually rely on measuring
detection thresholds of a specific odorant and on measuring the ability to identify odorants. Nasal endos-
copy as well as CT scans could be performed with special attention to the olfactory cleft to rule out polyp
disease or intra-cranial masses.
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Exposure assessment

+ History of occupational exposure: confirmed long-term occupational exposure to cadmium. A reduction in
the olfactory function has been observed in conditions of particularly high exposures, corresponding to
levels of urinary cadmium > 5 mg/g creatinine.

* Minimum duration of exposure: about 10 years.
+ Maximum latent period: five years.

Nephropathy (N14.3), Chronic kidney disease (N18), Fanconi-like syndrome (E72.0)

Short description of the disease

The kidney is the main toxicological target of cadmium, independent of the route of absorption. Toxicity is the
consequence of cadmium accumulation in the renal cortex. Cadmium binds to metallothionein in the liver and the
complex is transported to the kidney, where it is released. The initial toxic effect of cadmium on the kidney is an
increase in the excretion of low-molecular-weight proteins, such as retinol-binding protein, (3,-microglobulin and
a,-microglobulin. These are usually reabsorbed by the proximal renal tubule, and increased levels of excretion have
been advocated as an indicator of early damage to the proximal tubule. The critical cadmium concentration in the
renal cortex is in the order of 200 ppm (corresponding to a urinary cadmium excretion of about 10 pg/g creatinine).
Changes in renal biomarkers can occur at lower levels in vulnerable individuals, such as people with diabetes, and
renal effects can be detected even at 2 pg/g creatinine.

Cadmium causes, at a later stage, glomerular injury, with a resulting decrease in filtration. Fanconi-like syndrome
is a more generalized dysfunction of the proximal tubular cells, which no longer efficiently re-absorb essential
soluble components such as phosphates, amino-acids, urate, and glucose. This causes phosphaturia, glycosuria,
aminoaciduria, uricosuria, and tubular proteinuria. The principal feature of Fanconi syndrome is bone demineral-
ization (osteomalacia) caused by excessive excretion of phosphate (phosphate wasting).

Diagnostic criteria

Clinical manifestations

+ Signs, symptoms and examinations:

- Laboratory evidence of cadmiuria (if persistently increased above 5 pg/g creatinine).

- Occupational cadmium exposure can lead to a small reversible increase in urinary enzymes, such as
N-acetylglucosaminidase (NAG) and gamma-glutamyl-transpeptidase (GGT): these indicators are used to
detect possible early effects of exposure in research studies.

- As kidney dysfunction progresses, amino acids, glucose and calcium and phosphorus are also lost in urine.
Kidney stones are frequently reported due to hypercalcuria and in severe cases uraemia may develop.

- There is an almost linear increase in risk of tubular proteinuria with urinary cadmium when it exceeds
10 pg/g creatinine.

- Cadmium concentrations in organ tissues (lung, liver, kidney and bones) may be seen elevated resulting
from either acute or chronic poisoning.

Exposure assessment

+ History of occupational exposure: confirmed long-term occupational exposure to cadmium. Airborne cad-
mium concentration > 2 pg/m3. If available, biological monitoring:

- Urine cadmium >5 pg/g creatinine.

- Blood cadmium >5 pg/L.

- Retinol binding protein = 5.1 pmol/mol creatinine (i.e.,, 1000 pg/g creatinine). Note: retinol binding protein
levels in urine may be useful in detecting early nephrotoxic effects. RBP estimation is preferred to 3,. mi-
croglobulin and a;-microglobulin because it is more specific for renal tubular damage, and more stable for
analytical purposes. However, robust longitudinal studies showing that such micro-proteinuria progresses
to chronic kidney disease are absent, so there is uncertainty about what levels are of concern.

+ Minimum duration of exposure: one year.

+ Maximum latent period: 10 years.
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Osteomalacia (M83.8), Osteoporosis (M80.8), Itai-itai disease (T56.3)

Short description of the disease

Cadmium has been recognized as the cause of a specific bone demineralisation with accompanying severe bone
pain, and sometimes vertebral collapse and consequent neurological impairment. In the early 20th century a clus-
ter of cases, known as ‘Ttai-itai’ disease occurred in Japan, particularly in elderly females consuming a diet largely
constituted by rice and fish that were contaminated with cadmium.

Consequently gender, age and poor nutrition are thought to be risk factors. The disease has not been observed
in occupationally exposed workers and the amount of information is thus poor for osteomalacia in the occupa-
tional setting. However, when tubular nephropathy is present, alterations in calcium metabolism may contribute
to changes in bone mineral density, other mechanisms may be important such as stimulation of osteoclast activity.

Bone lesions are usually a late manifestation of severe chronic environmental cadmium poisoning. They are char-
acterized by osteomalacia, osteoporosis and spontaneous fractures.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: skeletal deformities, decreased height, difficulty in walking, stooped posture, wad-
dling gait, pain in the low back and extremities, and pain induced by spinal percussion, as a result of skeletal
changes and deformities.

+ Examinations: bone abnormalities found at X-ray examinations. Bone mineral density measurements show-
ing low abnormal values. Presence of clinical and biochemical effects of kidney damage (see above).

Exposure assessment

+ History of occupational exposure: confirmed long-term occupational exposure to high concentrations of
cadmium and, if available:

- Biological monitoring: evidence of urine cadmium concentrations exceeding 5 pg/g creatinine.
- Workplace air monitoring: airborne cadmium concentration > 2 pg/ms3.

* Minimum duration of exposure: several years.

+ Maximum latent period: 12 years.

Name of the diseases and ICD code: Chronic diseases caused by cadmium or its compounds
(Specific disease code) +T56.3 +Z57

Lung cancer (C34), Kidney cancer (C64), Prostate cancer (C61)

Cadmium and cadmium compounds cause cancer of the lung. Positive associations have been observed between
exposure to cadmium and cadmium compounds and cancer of the kidney and of the prostate.

For detailed information on these disorders, refer to item 3.1.17.

Key actions for Due to its recognized carcinogenic activity, cadmium is progressively being eliminated
prevention from the industrial and manufacturing uses for which substitutes have been found, espe-
cially for electrical batteries, PVC plasticizers and red/yellow pigments in consumer goods.
Cadmium electro-finishing of iron and steel parts in car manufacturing, such as in bumpers
and in other aesthetic finishing, is being replaced or eliminated by changes in car design.
However, its use continues for specialised applications such as hydraulic actuators.

The electroplating industry can process items in enclosed tanks from which little or no
worker exposure is expected, and compliance with stringent environmental regulations
has resulted in lower cadmium concentrations in waste water. In activities where exposure
to cadmium can occur, the use of personal protective equipment may be necessary (e.g.
respiratory protective equipment to prevent inhalation, as well as gloves and coveralls to
prevent splashes and skin contact with corrosive electroplating solutions).

Worker exposure in the manufacture of nickel-cadmium batteries is decreasing, with
improvements in occupational hygiene, and as these batteries are superseded by more
environmentally friendly forms of electric power storage. However, workers involved in
waste recovery from electric and electronic appliances, as well as in cadmium smelting
and recovery from iron and steel scrap, should adopt the same prevention measures to
avoid or minimize exposure. This is of particular importance for commercial activities in
the informal sector.
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Key actions for Several international or national agencies and institutional databases report limits of expo-
prevention sure of cadmium concentrations that have been observed to provide reasonable level of
protection for workers' health. We report some of them as examples:

+ ILO International Chemical Safety Cards (ICSC) database
- Cadmium: 0.01 mg/m3 as 8hr TLV-TWA.
- Cadmium chloride: 0.002 mg/m3 as TLV-TWA.
- Cadmium oxide: 0.002 mg/m3 as TLV-TWA.

+ ACGIH

- A TLV-TWA of 0.01 mg/m3 for “total” particulate, and of 0.002 mg/m3 for the
respirable particulate fraction are recommended for occupational exposure to
cadmium and its compounds. The 0.01 mg/m3 “total” particulate TLV is intended
to minimize the potential for development of preclinical kidney dysfunction. The
respirable particulate TLV is intended to minimize the potential for lower respira-
ble tract accumulation of a cadmium burden that could induce lung cancer. The
TLVs should significantly reduce the potential for metal fume fever in cadmium-
exposed workers.

- ACGIH recommends monitoring of cadmium in urine as a specific test for chronic
exposure to cadmium. Cadmium concentration of 5 pg/g of creatinine is recom-
mended as a biological exposure index (BEI). The BEI is intended to prevent the
potential for renal dysfunction in workers. The recommended BEI is equivalent in
international System of Units (SI) to 5 pumol/mol of creatinine.

- ACGIH recommends monitoring of cadmium in blood as a specific indicator of the
recent exposure to cadmium. Cadmium concentration of 5 pg/L is recommended
as a BEI for the monitoring of cadmium exposure. Cadmium concentration in
blood primarily reflects recent exposure and is complementary to the cadmium
measurements in urine, which primarily reflect chronic exposure. The BEI is
intended to prevent the potential for renal dysfunction in workers.

+ SCOEL

- The Scientific Committee on Occupational Exposure Limits (SCOEL) of the Euro-
pean Commission proposed an occupational exposure limit (8hr TWA) of 1 pg/
m3 (i.e,, 0.001 mg/m3) for the inhalable fraction of cadmium and a Biological Limit
Value (BLV) of 2 pg/g creatinine in urine.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC
Cadmium 0020
Cadmium chloride Cadmium dichloride 0116
Cadmium oxide Cadmium monoxide 0117
Cadmium sulfide Cadmium monosulphide; cadmium sulphide; cadmium monosulfide | 0404
Cadmium acetate Acetic acid, cadmium salt bis(acetoxy) cadmium 1075
Cadmium sulfate Cadmium sulphate 1318

» Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11

1.1.2  Toxic effects of cadmium or its compounds T56.3 NE61& XMOV73
1.1.2  Acute chemical bronchitis and pneumonitis 168.0 CA81.0

1.1.2 | Reactive airways dysfunction syndrome (RADS) 168.3 CA81Y

1.1.2  Acute chemical pulmonary oedema 168.1 CA81.1

1.1.2  Pulmonary emphysema ]68.4 CA21.Z

1.1.2  Anosmia R43.0 MB41.0

1.1.2 | Nephropathy N14.3 GB55.1

1.1.2 = Chronic kidney disease N18 GB61.Z

1.1.2  Fanconi-like syndrome E72.0 5C60.Z

1.1.2  Osteomalacia M83.8 FB83.2Y

1.1.2 = Osteoporosis M80.8 FB83.1Z

1.1.2 | Itai-Itai disease T56.3 NE61 & XMOV73
1.1.2  Lung cancer C34 2C25.Z

1.1.2 | Kidney cancer C64 2C90.Z

1.1.2 | Prostate cancer C61 2C82.Z

Occupational exposure to risk factors 757 QD84Y
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General
characteristics
of the causal
agent

Phosphorus (P) is a chemical element with atomic number 15 in the periodic table. It is
essentially mono-isotopic, although there is a short-lived artificial radioactive isotope (3'P),
that is widely used in biological research. This is a beta-emitter with a half-life of 14.3 days.
The atomic mass of phosphorus is 31.9 Da. It is placed in Group 15 (V-A) of the periodic
table, and its principal oxidation numbers are -1II (phosphine), 0 (elemental), III (phosphite)
and V (phosphate). Phosphorus (-III) and Phosphorus (0) are those of the highest toxico-
logical concern.

Phosphorus is an abundant element, essential to life on earth because of its involvement
in biological structures and processes. The most important are: DNA and RNA struc-
tures, phospholipids of cell membranes, high-energy nucleoside di-phosphates and tri-
phosphates, nucleoside phosphates, and phosphorylated protein agents in cell signalling.

Elemental phosphorus, which is not present as such in nature, exists in three main allo-
tropic forms.

White phosphorus (or yellow phosphorus; P,) is highly reactive, and spontaneously ignites
in air, oxidizing to phosphoric anhydride, which in turn reacts with ambient water to form
phosphoric acid and poly-phosphoric acid anhydrides. It is soluble in organic solvents. This
allotrope of phosphorus caused significant occupational diseases for nearly 100 years,
until its use in match-manufacture was restricted or banned in the early 20th century.

Red phosphorus is a much more stable and less toxic polymeric allotrope, used in most
industrial applications requiring elemental phosphorus.

Black phosphorus is an even more stable allotropic form, with potential uses in nanotech-
nology; only limited information is presently available on its toxicity.

Phosphorus ores consist mainly of monomeric or polymeric phosphate, such as apatite
and phosphorite (forms of calcium phosphate), essentially of biological origin. Phosphate
ores are present in concentrated, industrially exploitable forms only in limited areas of the
earth (China, Russia, Morocco, and Florida, Idaho, Tennessee, and Utah in the USA). Exten-
sive mining started in the late 19th century.

Inorganic phosphorous compounds include phosphoric acid, phosphorus pentoxide,
phosphorus pentachloride, phosphorus pentasulphide, phosphorus chloride, phosphorus
oxychloride, and phosphine gas.

Phosphine (or hydrogen phosphide, PH,) is a colourless, flammable gas produced indus-
trially by the reaction of phosphoric acid and metals, or by heating phosphoric chloride. It
is generated naturally by the anaerobic decomposition of dead tissues. Pure phosphine
auto-ignites above 38°C, and forms an explosive mixture in air at concentrations greater
than 1.8% by volume.

Phosphorus is present in several organic chemicals of major importance, e.g. organophos-
phorus pesticides (refer to item 1.1.36 for further details), chemical warfare agents, and
organophosphate flame-retardants, although the latter have been phased out in many
countries because of their toxicity.

Occupational
exposures

Phosphorus and its compounds have many different uses in modern industry. These
include bulk uses in the production of fertilizers, detergents, and animal foods, and the
preparation of fine chemicals (such as pharmaceuticals, pesticides, lubricants), ammuni-
tions and incendiary devices. For each class of phosphorus compounds and for each indus-
trial use, there are different scenarios for exposure, and occupational concerns for safety
and health.

Inorganic phosphates are widely used as fertilizers in agriculture but are of little toxicolog-
ical concern.

Organic phosphate esters are widely used in industry as lubricant additives, fire retardants,
plasticizers and chemical intermediates. They are found in the rubber, plastics, paper, var-
nish and metal industries and as ingredients in pesticides and cleaning compounds. Their
potential for occupational toxicity is highly variable. White phosphorus is still used in the
manufacture of rodenticides, such as aluminium phosphide. Red phosphorus is used in the
manufacture of matches. Black phosphorous is little used in industry at present.

Phosphine is a gas heavier than air, produced when strong acids are in contact with
phosphide-containing metals or in specific metallurgical reactions. It is used in the syn-
thesis of organophosphines and other organic phosphorous derivatives, as a fumigant
for grains in grain elevators, and on-board ships as a pesticide for insects and rodents.
Other uses are as an intermediate in the synthesis of organo-phosphines and organic
phosphonium derivatives, and as a dopant to introduce phosphorus into silicon crystals,
in the manufacture of microelectronic devices for the semiconductor industry. Following
industrial accidents, rescue workers and health care workers must be vigilant to avoid
accidental contamination.
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Toxicological profile, main health effects and diagnostic criteria

Short Because phosphorus is lipid-soluble, it is rapidly absorbed and distributed in the body
toxicological following inhalation, ingestion, and contact causing skin-burns. White phosphorus causes
profile multiple local and systemic toxic effects. It impairs mitochondrial (ATP) production, impairs

protein synthesis, and causes cell necrosis. The inhibition of very low density lipoprotein
(VLDL) synthesis leads to accumulation of triglycerides in the liver and hepatotoxicity.

Local effects include severe burns to the skin and mucosa upon contact, burns to the upper
airways and severe pulmonary inflammation following inhalation, and burns to the gastro-
intestinal tract after ingestion.

Systemic effects include multi-organ toxicity (hepatotoxicity, renal, gastrointestinal and
cardiovascular), that may be delayed in onset for one to seven days, and are accompanied
by multiple metabolic effects. Fatal poisoning usually results from acute hepatic failure
and cardiovascular collapse. “Phossy jaw" is a condition caused by chronic inhalation and
ingestion of white phosphorus, and accumulation in the bone. Historically, it was a major
disease of workers engaged in match-production.

Phosphoric anhydride (phosphorus pentoxide) and phosphoric acid cause painful burns to
the skin and mucosa upon contact, especially in the concentrated form of poly-phosphoric
acid (PPA) used in chemical applications.

The halogen derivatives of phosphoric acid (phosphorus chlorides and oxy-chlorides)
cause respiratory tract irritation and painful burns to the skin and mucosa upon contact.
Phosphine causes methaemoglobinemia upon inhalation, similar to alkyl-phosphines.

Name of the diseases and ICD code: Acute diseases caused by phosphorous or its compounds
(Specific disease code) +T57.1 +Z57

Irritant respiratory effects (J68), Acute poisoning with phosphine gas (J68), Pulmonary oedema (chemical)
(J68.1), Burns and corrosions of external body surface (T20-T25), Irritant contact dermatitis (L24), Acute
toxic hepatitis (K71.2)

Short description of the disease

White phosphorus ignites spontaneously in air producing fumes, which cause skin, eye and respiratory tract irrita-
tion, with potential progression to pulmonary oedema. Similar effects are caused by phosphoric acid, phosphorus
pentoxide, phosphorus pentachloride, phosphorus chloride, and phosphorus oxychloride.

Inhalation of phosphorus pentoxide, phosphorus pentachloride, or phosphine gas can cause a delayed pulmonary
oedema, characterized by a maximum latency period of 72 hours. Although pure phosphine is odourless, a garlic
or fish-like odour may be perceived at concentrations in the order of 0.3 ppm due to impurities in commercially
prepared materials. Solid phosphorus (white phosphorus) can cause burns to the skin on direct contact and such
burns must be decontaminated as rapidly as possible by washing with copious amounts of water, and where
necessary, debridement. The burns are slow to heal. Liver injury may follow the inhalation or ingestion of white
phosphorus. The latent period is usually short, no more than a few hours, but clinical manifestations may be
delayed from one to seven days.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Intermittent, low concentrations of phosphine gas (usually up to 0.3 ppm) are associated with mild head-
aches.

- Higher acute exposures to phosphorus and its compounds are associated with skin and mucous mem-
brane irritation, breathing difficulties, cough, and delayed onset pulmonary oedema.

- Following exposure to phosphine gas, vomiting, nausea, dizziness and cough are amongst the most fre-
quently reported symptoms. The breath of the poisoned subject often smells of garlic.

- Very high skin exposures cause skin burns. Very high respiratory exposures cause airway burns and pul-
monary oedema, and ingestion causes burns of the gastrointestinal tract and bleeding. These are followed
by multi-organ toxicity and extensive metabolic disturbances, including hepatotoxicity, acute kidney injury
(e.g. acute tubular necrosis), cardiac arrythmias, cardiovascular collapse, central nervous system effects,
and disseminated intravascular coagulation. Symptoms and signs include abdominal pain, tachycardia,
hypotension, lethargy, convulsions and coma.
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* Examinations:

- For skin lesions, an ultraviolet light source such as a Wood's lamp can help identify contaminated areas,
because phosphorus fluoresces under ultraviolet radiation. For further details on clinical features of irri-
tant contact dermatitis, refer to item 2.2.2.

- Lung function tests might be normal in the initial phases of inhalation toxicity, but are typically compro-
mised later on.

- Following ingestion, stool examination might show phosphorescence; smoking vomitus and stools may
be observed.

- With hepatotoxicity, hepatic enzymes are elevated (aspartate transaminase - AST, alanine transaminase
- ALT), along with bilirubin levels. Abdominal ultrasound and CT scan may demonstrate liver damage.
Hepatic histological changes include microvesicular steatosis and necrosis; in the long term, fibrosis may
develop.

- In severe toxicity, profound metabolic disturbance occurs, e.g. hypoglycaemia, hypocalcaemia, and car-
diac arrythmias.

- Acute kidney injury is accompanied by elevations in serum creatinine and electrolyte disturbances (e.g.
hyperkalaemia). Urinalysis may show evidence of acute tubular necrosis: haematuria and casts.

- Abnormalities in full blood count and in prothrombin time may be present. Intravascular haemolysis (with
Heinz bodies) and methaemoglobinemia are unusual complications.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to very high concentrations of white
phosphorous and its compounds, including phosphine. Note that maximum concentration of phosphine
gas that can be tolerated for several hours without serious effects is around 7 ppm, and for 30-60 minutes
is 100-200 ppm. A level of 2000 ppm is rapidly fatal.

+ Minimum duration of exposure: for irritant effects, pulmonary oedema, burns, corrosive effects, and irritant
contact dermatitis, a few seconds may be sufficient. When considering acute poisoning with phosphine gas,
fatalities are possible with exposures of 30-60 minutes at concentrations above 290 ppm. For acute toxic
hepatitis, a few minutes might be sufficient.

« Maximum latent period: a few minutes for acute poisoning with phosphine gas; 1-2 hours for local irritant/
corrosive effects; up to 72 hours for pulmonary oedema (12 hours if not delayed) and for up to seven days
for acute toxic hepatitis and other systemic effects.

Name of the diseases and ICD code: Chronic diseases caused by phosphorous or its compounds
(Specific disease code) +T57.1 +Z57

Necrosis of the maxilla and mandible (‘phossy jaw’) (K10.2)

Short description of the disease

This is a well-known effect of chronic inhalation of very high concentrations of white phosphorus, characterized by
necrosis of the maxilla and mandible. Historically, cases occurred in the manufacture of matches, until the use of
white phosphorous was banned. Prior to the antibiotic era, death was commonly due to septicaemia.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: profuse salivation, loosening of the teeth, lesions of the oral mucosa, sinus formation
and bone sequestration.

+ Examinations: appropriate imaging studies, X-rays and CT scans can demonstrate bone sequestration.
Exposure assessment

+ History of occupational exposure: confirmed prolonged exposure to white phosphorus at high concentra-
tions.

+ Minimum duration of exposure: about one year.
+ Maximum latent period: 12 months.
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Hepatotoxicity with hepatic necrosis (K71.1)

Short description of the disease

Chronic hepatic injury due to white phosphorous has been reported. The histological picture is characterised by
microvesicular steatosis and necrosis. Chronic injury may cause periportal fibrosis.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: anorexia, nausea, vomiting, malaise, aversion to smoking, fever, enlarged and tender
liver, jaundice.
* Examinations:

- One of the hallmarks of hepatocellular necrosis due to phosphorus toxicity is elevation of aminotransfer-
ase levels and increased bilirubin levels in the blood and urine.

- Alterations in full blood count and prothrombin time are usually found.
- Abdominal ultrasound and CT scan may demonstrate hepatic damage.

- Liver biopsy can show histological changes including microvesicular steatosis, necrosis and periportal
fibrosis.

Exposure assessment

+ History of occupational exposure: confirmed prolonged occupational exposure to phosphorous and its com-
pounds at high concentrations.

+ Minimum duration of exposure: few months.
* Maximum latent period: two years.

Key actions for Protection of workers against workplace exposure to phosphorus and its compounds can
prevention be achieved using the hierarchy of controls: elimination, substitution, engineering controls
and personal protective equipment.

An example of primary prevention in the late 19th and early 20th century history was the
substitution of white phosphorus with red phosphorus in the fabrication of matches, and
later elimination by the use of phosphorus-free materials. In particular, white phosphorous
use in the manufacture of matches was banned by the 1906 Berne Convention [formally,
the International Convention respecting the Prohibition of the Use of White (Yellow) Phos-
phorus in the Manufacture of Matches]. In the following decades, most European countries
issued national prohibitions motivated by the hazardous and toxic properties of white
phosphorus to workers and consumers. This Convention is considered to be a forerunner
of the constitution of the International Labour Organization.

Easy access to organophosphate pesticides makes them a common choice for intentional
self-poisoning in agricultural workers. The most acutely toxic organophosphate pesticides
are being superseded by less hazardous classes of chemicals (see item 1.1.36). Particular
care needs to be taken in the use of metal phosphides for fumigation operations.

Source enclosure: semiconductor doping with phosphine, for example, is conducted in
enclosed units to protect the reagents and the products from the action of air and mois-
ture. This leads to the protection of workers as a collateral benefit.

The use of face masks, respirators and protective clothing as personal protective equip-
ment (PPE) is the least effective measure in the hierarchy of controls. This is still commonly
employed for workers engaged in agricultural crop protection, and storage of grain etc.,
when the use of very toxic chemicals, such as phosphine, metal phosphides and organo-
phosphate pesticides is necessary. Emergency rescue and health care workers must be
appropriately trained to recognise phosphorus toxicity, and undertake appropriate decon-
tamination and exposure control measures.

The group of experts considered that the following limits in workplace air concentrations
provide reasonable levels of protection for workers’ health, and are used in a number of
countries:

* White phosphorus: 0.1 ppm as 8hr TWA.
+ Phosphine: 0.3 ppm as 8hr TWA.

Note that the 8-hour occupational exposure limit for phosphine in different countries lies
between 0.023 and 0.3 ppm, and short-term exposure limit (STEL) values range between
0.1and 1 ppm.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
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Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Parathion 0,0-Diethyl-O-(4-nitrophenyl) phosphorothioate; Phosphorothioic acid 0006
0,0-diethyl O-(4-nitrophenyl) ester; Ethyl parathion

Diazinon 0,0-Diethyl-O-(2-isopropyl-6-methylpyrimidin-4-yl) phosphorothioate; 0137
Phosphorothioic acid O,0-diethyl O-(6-methyl-2-(1-methylethyl)-4-
pyrimidinyl) ester

Glyphosate N-(Phosphonomethyl)glycine 0160

Hexamethylphosphoric | Hexamethylphosphoramide; Hexamethylphosphamide; HMPA 0162

triamide

Malathion Diethyl(dimethoxythiophosphorylthio)succinate; S-1,2-bis(Ethoxycarbonyl) = 0172
ethyl O,0-dimethylphosphorodithioate; Butanedioic acid, {{dimethoxyphos-
phinothioyl)thio}-, diethyl ester

Methamidophos 0,S-Dimethyl phosphoramidothioate; Phosphoramidothioic acid, O,S- 0176
dimethyl ester

Monocrotophos Dimethyl (E)-1-methyl-2-(methylcarbamoyl) vinyl phosphate; Phosphoric 0181
acid, dimethyl 1-methyl-3-(methylamino)-3-oxo-1-propenyl ester, (E)-

Phosphamidon 2-Chloro-2-diethylcarbamoyl-1-methylvinyl dimethyl phosphate; 2-Chloro- | 0189
3-(diethylamino)-1-methyl-3-oxo-1-propenyl dimethyl phosphate; Dimethyl
phosphate ester 2-chloro-N,N-diethyl-3-hydroxycrotonamide; O,0-
Dimethyl-O-(2-chloro-2-diethylcarbamoyl-1-methylvinyl) phosphate

Phosphorus oxychlo- Phosphoryl chloride; Trichlorophosphorus oxide; Trichlorophosphine oxide = 0190

ride

Temephos 0,0,0',0'-Tetramethyl O,0'-thiodi-p-phenylene bis(phosphorothioate); 0199
0,0'-(Thiodi-4,1-phenylene) bis(O,0-dimethylphosphorothioate);
Phosphorothioic acid, O,0'-(thiodi-4,1-phenylene) O,0,0',0'-tetramethy!
ester

Ammonium phosphate = Diammonium hydrogen phosphate; Ammonium phosphate secondary 0217

dibasic

Bensulide 0,0-Diisopropyl S-2-phenylsulfonylaminoethyl phosphorodithioate; 0383
Phosphorodithioic acid, O,0-bis(1-methylethyl)S-(2-((phenylsulfonyl)amino)
ethyl)ester

Carbophenothion S-4-Chlorophenylthiomethyl O,0-diethyl phosphorodithioate; 0410
Phosphorodithioic acid, S-(((4-chlorophenyl)thio)methyl) O,0-diethyl ester

Coumaphos 0O-3-Chloro-4-methyl-2-oxo-2H-chromen-7-yl O,0-diethyl 0422
phosphorothioate; Phosphorothioic acid O-(3-chloro-4-methyl-
2-oxo-2H-1-benzopyran-7-yl) O,0-diethyl ester; O,0-Diethyl O-(3-
chloro-4-methyl-7-coumarinyl)phosphorothioate; O,0-Diethyl
3-chloro-4-methyl-7-umbelliferone thiophosphate

Demeton-o-methyl O-2-Ethylthioethyl O,0-dimethyl phosphorothioate 0429

Tris(2,3-dibromopropyl) TBPP; 2,3-Dibromo-1-propanol phosphate; TDBPP 0433

phosphate

Diethylthiophosphoryl | Phosphorochloridothioic acid O,0-diethylester; Diethyl 0448

chloride chlorothiophosphate; Diethyl phosphochloridothionate

Aluminium phosphide | Aluminum phosphide 0472

Fenamiphos Phenamiphos; Ethyl-3-methyl-4-(methylthio)phenyl(1-methylethyl) 0483
phosphoramidate

Phosmet 0,0-Dimethyl S-phthalimidomethyl phosphorodithioate; Phosphorodithioic = 0543
acid, S-((1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)methyl) O,0-dimethyl
ester; O,0-Dimethyl phosphorodithioate S-ester with N-(mercaptomethyl)
phthalimide

Phosphorus pentachlo- | Phosphorus perchloride; Phosphoric chloride 0544

ride

Phosphorus pentoxide | Diphosphorus pentoxide; Phosphoric anhydride; Phosphorus pentaoxide 0545

Thiometon S-2-Ethylthioethyl O,0-dimethyl phosphorodithioate; Phosphorodithioic 0580

acid, S-(2-(ethylthio)ethyl)O,0-dimethyl ester; Dithiomethon
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Name Synonyms ICSC

Thiophosphoryl Phosphorothionic trichloride; Trichlorophosphine sulfide; Phosphorous 0581

chloride sulfochloride; Phosphorothioic trichloride

Tributyl phosphate Tri-n-butyl phosphate; Phosphoric acid, tributyl ester 0584

Trichlorphon Dimethyl-2,2,2-trichloro-1-hydroxyethylphosphonate; Trichlorphene; 0585
(2,2,2-Trichloro-1-hydroxyethyl) phosphonic acid dimethyl ester; Chlorofos

Zinc phosphide Trizinc diphosphide 0602

Fenitrothion 0,0-Dimethyl O-4-nitro-m-tolyl phosphorothioate; O,0-Dimethyl O-(3- 0622
methyl-4-nitrophenyl) phosphorothioate; O,0-Dimethyl O-4-nitro-m-tolyl
thiophosphate

Methyl parathion 0,0-Dimethyl O-4-nitrophenyl phosphorothioate 0626

Phosphorus (yellow) 0,0-Dimethyl-p-nitrophenylthionophosphate 0628

Fenthion Phosphorothioic acid, O,0-dimethyl O-(4-nitrophenyl) ester 0655

Triethyl phosphite White phosphorus; Phosphorus tetramer 0684

Trimethyl phosphate 0,0-Dimethyl-O-(4-methylthio-m-tolyl) phosphorothioate; Phosphorothioic | 0686
acid, 0,0-dimethyl O-(3-methyl-4-(methylthio)phenyl) ester

Cyclophosphamide Phosphorous acid, triethyl ester 0689

Dichlorvos Phosphoric acid trimethyl ester; Trimethyl orthophosphate 0690

Phosphine 2-Bis(2-chloroethyl)amino; N,N-Bis(2-chloroethyl)tetrahydro-2H-1,3,2-oxaz- = 0694
aphosphorin-2-amine 2-oxide

Phosphorus trichloride | 2,2-Dichlorovinyl dimethyl phosphate; Phosphoric acid, 2,2-dichloroethenyl = 0696
dimethyl ester; DDVP

Triphenylphosphine Phosphorus trihydride; Hydrogen phosphide 0700

Demeton-s-methyl Trichlorophosphine; Phosphorous chloride 0705

Fonofos Triphenylphosphorous 0708

Dimethoate S-2-Ethylthioethyl O,0-dimethyl phosphorothioate; Phosphorothioic acid, 0741
S-(2-(ethylthio)ethyl)O,0-dimethyl ester

Magnesium phosphide | O-Ethyl S-phenylethylphosphonodithioate 0744

Acephate 0,0-Dimethyl S-methylcarbamoylmethyl phosphorodithioate; 0748
Phosphorodithioic acid, O,0-dimethyl S-(2-(methylamino)-2-oxoethyl)ester;
0,0-Dimethyl S-(2-(methylamino)-2-oxoethyl)phosphorodithioate

EPN Trimagnesium diphosphide 0753

Vamidothion O,S-Dimethyl acetylphosphoramidothioate; Phosphoramidothioic acid, 0758
acetyl-, O,S-dimethyl ester N-(Methoxy(methylthio)phosphinoyl)acetamide

Phosalone S-6-chloro-2,3-dihydro-2-oxobenzoxazol-3-ylmethyl O,0-diethyl phospho- = 0797
rodithioate; Benzphos

Azinphos-methyl Phosphorodithioic acid 0,0-dimethyl S-((4-ox0-11,2,3-benzotriazin-3-(4H)-yl) 0826
methyl) ester; S-3,4-Dihydro-4-oxo-1,2,3-benzotriazin-3-ylmethyl) O,0-
dimethyl phosphorodithioate

Chlorpyrifos 0,0-Diethyl-0-(3,5,6-trichloro-2-pyridyl)phosphorothioate; O,0-Diethyl 0851
0-(3,5,6-trichloro-2-pyridinyl) phosphorothioic acid ester; Chlorpyrifos-
ethyl

Cyhalothrin (RS)-alpha-Cyano-3-phenoxybenzyl (Z)-(1RS,3RS)-(2-chloro- 3,3,3-trifluoro- = 0858
propenyl)-2,2-dimethylcyclopropanecarboxylate;
Cyclopropanecarboxylic acid, 3-(2-chloro-3,3,3-trifluoro- 1-propenyl)-2,2-di-
methyl-, cyano(3-phenoxyphenyl)methyl ester

Lambda-cyhalothrin 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate 0859
a 1:1 reaction mixture of the (Z2)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester

Demeton-methyl 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate; = 0862

Demeton-s a 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester 0864

Dicrotophos 0872

Dioxathion (isomer 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate | 0883

mixture)

Ethion a 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester 0888
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Mevinphos (isomer 0924

mixture)

Naled 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate = 0925

Tri-o-cresyl phosphate = a 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester 0961

Tris(2-ethylhexyl) 0968

phosphate

Fenchlorphos 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate = 0975

Tetrapotassium a 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (2)-(1S,3S), (R) ester 0983

pyrophosphate

Sulfotep 0985

Phosphoric acid 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate 1008

Phorate a 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester 1060

Triphenyl phosphate 1062

Triphenyl phosphite 3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate | 1124

Calcium phosphide 1126

Disodium hydrogen Disodium orthophosphate; Dibasic sodium phosphate 1129

phosphate

Tetrasodium Sodium pyrophosphate; Pyrophosphoric acid, tetrasodium salt 1140

pyrophosphate

Crufomate 4-tert-Butyl-2-chlorophenyl methyl methylphosphoramidate; Amidophos 1143

T.E.P.P. Tetraethyl pyrophosphate; Diphosphoric acid, tetraethyl ester; Tetraethyl 1158
diphosphate

Trisodium phosphate Sodium phosphate, tribasic; Trisodium orthophosphate 1178

(anhydrous)

Sulprofos O-Ethyl O-4-(methylthio)phenyl phosphorodithionic acid-S-propyl ester; 1248
O-Ethyl O-4-(methylmercapto)phenyl-S-n-propylphosphorothionothiolate

Dibutyl phosphate Dibutyl acid o-phosphate; Dibutyl hydrogen phosphate; Phosphoric acid 1278
dibutyl ester

Chlorfenvinphos 0,0-Diethyl-O-{2-chloro-1-(2,4-dichlorophenyl)vinyl}phosphate; 1305
2-Chloro-1-(2,4-dichlorophenyl)vinyldiethyl phosphate

Fensulfothion 0,0-Diethyl O-(p-(methylsulfinyl)phenyl) phosphorothioate; 1406
0,0-Diethyl O-p-(methylsulfinyl)phenyl thiophosphate

Diphosphorus Diphosphorus pentasulfide; Phosphorus sulfide; Thiophosphoric anhydride = 1407

pentasulfide

Disulfoton Dithiodemeton; O,0-Diethyl S-(2-ethylmercaptoethyl) dithiophosphate; 1408
0,0-Diethyl S-2-(ethylthio)ethyl phosphorodithioate

Di(2-ethylhexyl) Bis(2-ethylhexyl)hydrogen phosphate 1412

phosphate Bis(isooctyl)phosphate; Bis(isooctyl)phosphate; Dioctylphosphate; Bis(2-
ethylhexyl)orthophosphoric acid

Phenylphosphine Phosphaniline 1424

Pentasodium Sodium tripolyphosphate; Sodium triphosphate; Triphosphoric acid, 1469

triphosphate pentasodium, anhydrous

Aluminium phosphate = Aluminophosphoric acid; Aluminium orthophosphate; Aluminium 1538

tribasic monophosphate

Trimethyl phosphite Phophorous acid, trimethyl ester; Trimethoxy phosphine; Methyl phosphite = 1556

Dimethyl hydrogen Dimethylphosphite; Dimethyl hydrogen phosphonate; Phosphorous acid 1599

phosphite dimethyl ester; Dimethylphosphonate

Potassium dihydrogen | Potassium phosphate, monobasic; Phosphoric acid, monopotassium salt 1608

phosphate

Methidathion 0,0-Dimethyl S-(2,3-dihydro-5-methoxy-2-oxo-1,3,4-thiadiazol-3-ylmethyl) = 1659
phosphorodithioate; O,0-Dimethyl-S-(5-methoxy-1,3,4-thiadiazolinyl-3-
methyl) dithiophosphate

Ethoprophos O-ethyl-S,S-dipropyl phosphorodithioate; Phosphorodithioic acid, O-ethyl 1660

S,S-dipropyl ester; Ethoprop

27
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Name

Synonyms

ICSC

Tris(2-chlorethyl)

phosphate Ethanol, 2-chloro-, phosphate (3:1); TCEP

Tri(beta-chloroethyl) phosphate; Tris(2-chloroethyl) orthophosphate;

1677

Chlorethoxyfos

Diethyl O-(1,2,2,2-tetrachloroethyl) phosphorothioate

Phosphorothioic acid, O,0-diethyl O-(1,2,2,2-tetrachloroethyl) ester; O,0- 1681

Chlormephos

Clormethylphos; S-(Chloromethy) O,0-diethyl phosphorodithioate;

Phosphorodithioic acid, S-(chloromethyl) O,0-diethyl ester

1682

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.3  Acute/chronic diseases caused by phosphorous or its compounds T57.1 NE61 & XM6NPO
1.1.3  Irritant respiratory effects 68 CA81.Z
1.1.3  Acute poisoning with phosphine gas 68 CA81.Z
1.1.3  Pulmonary oedema (chemical) 168.1 CA81.1
1.1.3 | Burns and corrosions of external body surface T20-T25 ND9Y
1.1.3  Irritant contact dermatitis L24 EKO2
1.1.3 | Acute toxic hepatitis K71.2 DB95.0
1.1.3  Hepatotoxicity with hepatic necrosis K71.1 DB95.0
1.1.3 | Necrosis of the maxilla and mandibular (‘phossy jaw’) K10.2 DA06.0
Occupational exposure to risk factors 757 QD84Y
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1.1.4 Diseases caused by chromium or its compounds ICD Code T56.2 +Z57

General
characteristics
of the causal
agent

Chromium (Cr), CAS number 7440-47-3, has the atomic number 24, and belongs to Group 6
(II-B, Transition Metals) in the periodic table of elements. Naturally occurring chromium is
composed of three stable isotopes, with 52Cr (83.8%) being the most abundant, and has an
average atomic mass of 51.9961 Da.

Elemental chromium is a hard, corrosion-resistant metal, blue-white to steel-grey in colour
and shiny in appearance. Chromium exists in a series of oxidation states from -2 to +6
valence. In the environment, chromium occurs mostly as compounds, mainly in the stable
chromium (III) oxidation state and, to a limited extent, in the strongly oxidizing chromium
(VI) state. Chromium (VI) compounds may react with reducing (organic) matter to form
the most stable chromium (III). Chromium (V1) is the chemical form of highest concern for
occupational safety (chromium (II) is less toxic). The artificial isotope 5'Cr (half-life of 27.7
days) has laboratory applications in diagnostic tests.

In biological systems, chromium mainly exists in transient forms in the physiological reduc-
tion of chromium (VI) to chromium (III). Chromium (III) may be an essential trace element
in humans, is much less toxic than chromium (VI), and chromium (III) picolinate is used as
a dietary supplement.

In the workplace, chromium can be present in a wide range of alloys and inorganic chro-
mium compounds, that differ widely in their toxic and carcinogenic effects. In terms of
occupational toxicology, chromium compounds can be classified in three groups:

1. Chromium metals and alloys: elemental chromium metal, chromium-containing
stainless steels, and other chromium-containing alloys.

2. Trivalent chromium compounds: chromic oxide (Cr,05), chromic sulphate (Cr,[SO,15),
chromic chloride (CrCly).

3. Hexavalent chromium compounds: chromium trioxide (CrO3), the anhydride of chro-
mic acid; chromates (e.g. Na,CrO,); di-chromates (e.g. sodium dichromate, Na,CrO,)
and poly-chromates. These compounds may be sub-divided into two groups, accord-
ing to their solubility in water:

a. Water-soluble hexavalent chromium compounds: chromic acid and its anhydride.
The monochromates and dichromates of sodium, potassium, ammonium, lith-
ium, caesium, and rubidium.

b. Water-insoluble hexavalent chromium compounds: zinc chromate, calcium chro-
mate, lead chromate, barium chromate, strontium chromate, and sintered chro-
mium trioxide

Occupational
exposures

Chromium is one of the most widely used industrial metals. Several million workers world-
wide are estimated to be exposed to chromium compounds. It is mainly used in three types
of industries:

+ In the metallurgical industry, chromium is an important component of stainless
steels and various metal alloys. In this context, the main use of chromium ores is in
the preparation of ferrochrome (i.e., iron-chrome) from the mineral chromite.

+ Inthe chemical industry, chromium is used primarily in chrome plating, leather tan-
ning, paint pigments (chromium compounds can be red, yellow, orange, and green,
to be used in the textile industry for dyeing, silk treating, printing, and moth proofing
wool), and wood treatment. Smaller amounts are used in catalysts, copy machine
toners, corrosion inhibitors, drilling muds, magnetic tapes, photographic chemicals,
safety matches, and water treatment. Traces of chromium are also present in con-
crete.

+ Refractory heat-resistant applications, uses of chromium include magnesite-chrome
refractory firebrick for metallurgical furnace linings, and granular chromite for vari-

ous other heat-resistant applications.




30 » Diagnostic and exposure criteria for occupational diseases

1.1.4 Diseases caused by chromium or its compounds ICD Code T56.2 +Z57
Occupational Occupational sources of chromium include:
exposures

+ anti-algal agents,

+ antifreeze,

+ cement,

+ chrome alloy production,

+ chrome electroplating [soluble Cr(VI)],

* copier servicing,

+ glass making,

+ leather tanning [soluble Cr(III)],

+ paints/pigments [insoluble Cr(VI)],

+ photoengraving,

+ porcelain and ceramics manufacture,

+ production of high-fidelity magnetic audio tapes,
* tattooing,

+ textile manufacturing,

+ welding of alloys or steel, and

» wood preservatives, e.g. acid copper chromate.

Workers at greatest risk are involved in stainless steel welding, chromate production,
chrome plating, and chrome pigment industries. Exposure is primarily to chromium (VI)
via inhalation of aerosols.

The main exposure route in occupational settings is through inhalation of fumes, dusts
and vapours, and by direct skin absorption. Ingestion is relevant mainly in non-occupa-
tional contexts. It is important to recall that chromium (III) picolinate is used as a dietary
supplement.

Toxicological profile, main health effects and diagnostic criteria

Short Uptake of chromium depends on the valence (I or VI) and watersolubility of the chromium-
toxicological containing compound. Only about 0.5% to 1% of chromium (III) present in the diet is
profile absorbed by the gastrointestinal tract. Chromium (VI) is more readily absorbed both by

inhalation and oral routes.

Absorbed chromium is distributed to all tissues of the body. Chromium (VI) is unstable, and
is rapidly reduced by endogenous reducing agents to chromium (V), chromium (IV) and
ultimately to stable chromium (III). Chromium is excreted primarily in the urine and to a
lesser extent in faeces.

In occupational exposures, chromium (VI) is far more toxic than chromium (III), because it
is more readily absorbed. However, after chromium (VI) is absorbed, it is reduced to chro-
mium (III) which is more persistent in the body. The process of reduction of chromium (VI)
to chromium (III) in the body generates toxic reactive oxygen species. In chromium toxicity
there are multiple effects, including disruption of the p53 signalling pathway, and induction
of cell apoptosis. High-dose exposure to chromium compounds (e.g. following ingestion)
can oxidise haemoglobin to methaemoglobin. The respiratory tract is the major target
organ for chromium (VI) toxicity, following both acute and chronic inhalation. Perforation
and ulceration of the nasal septum is a highly specific clinical sign of high occupational
exposure to chromate aerosols. Insoluble inhaled chromium particles can remain in the
lung for long periods. Acute exposure to chromium (VI) compounds can cause shortness
of breath, cough, and wheeze. Following chronic exposure, bronchitis, pneumonia, and
decreased pulmonary function have been noted.

Respiratory sensitization may develop following inhalation of chromium (VI) compounds,
as with nickel, although the precise mechanism for sensitization is unclear. Once sensi-
tization has developed, subsequent low-level exposure to dusts, aerosols or welding
fumes containing chromium (VI) causes generalized bronchospasm and typical features of
asthma. Similarly, the respiratory tract is the major target organ for chromium (III) toxicity.

Prolonged skin contact may lead to local irritation and sensitization. Occupational expo-
sure to chromium (VI) compounds has been associated with effects on the nasal septum,
and the eardrum.
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Short Ingestion of chromium compounds can lead to gastrointestinal ulceration, gastrointestinal
toxicological haemorrhage, and hypertrophic gastritis. Chromium (VI) compounds can cause mild to
profile severe liver abnormalities. Ingestion of significant quantities of chromium (VI) compounds

is reported to cause cardiovascular effects as part of sequelae leading to death and hae-
matological effects such as decreased haemoglobin and increased total white blood cell
counts. Renal effects after inhalation or oral exposure to chromium (VI) compounds have
been reported. Occupational exposure to chromium (III) does not appear to be associated
with renal effects.

The IARC has classified chromium (VI) compounds as carcinogenic to humans (Group 1),
with sufficient evidence for lung cancer in both animal experiments and human studies.
There is also some evidence for upper-airway cancer. Chromium (III) as not classifiable as
to its carcinogenicity to humans (Group 3). For further details refer to item 3.1.4.

Name of the diseases and ICD code: Acute diseases caused by chromium or its compounds
(Specific disease code) +T56.2 +Z57

Respiratory irritation (J68), Chemical bronchitis and pneumonitis (J68.0), Upper respiratory tract inflam-
mation (J68.2), Chemical pulmonary oedema (J68.1), Reactive airways dysfunction syndrome (RADS)
(J68.3), Irritant-induced occupational asthma (J68.3), Acute toxic liver disease (K71.9), Acute toxic renal
failure with tubular necrosis (N17.0)

Short description of the disease

Clinical features are profoundly influenced by the route of absorption of the chemical, and most are related to
chromium (VI) exposure although cases of chromium (III) poisoning are reported.

Diagnostic criteria

Clinical manifestations following inhalation

+ Exposure to inhaled high concentrations of chromium (VI) compounds can lead to symptoms and signs
of lung and upper respiratory tract irritation. These include sneezing, rhinorrhoea, epistaxis, nasal itching
and soreness, redness of the throat, coughing, wheezing, inspiratory pain, bronchitis, pneumonia (or pneu-
monitis), decreased pulmonary function, bronchospasm, and typical asthmatic attacks which may recur on
subsequent exposure. Intense exposure to chromic acid particulates may give rise to pulmonary oedema.
An exposure for several days to chromic acid mist at concentrations of about 20 to 30 mg/m3 for example
can cause cough, headache, dyspnoea and sub-sternal pain.

+ Inhalation of very high concentrations of chromium (VI) can result in gastrointestinal and neurological
effects.

+ Chromium (VI) exposure can result in renal effects in a dose-dependent manner in workers exposed to 4 to
20 pg/m3 of chromium (VI) over 8-hour shifts.

Clinical manifestations following ingestion

+ Although unlikely in occupational settings, involuntary ingestion of large amounts of chromium (VI) com-
pounds (e.g. chromium sodium dichromate solution or ammonium dichromate) can lead to severe local
effects, and systemic effects like haemolysis, metabolic acidosis, respiratory distress, and potentially death.
Chromium (VI) compounds are powerful oxidants, and methaemoglobinemia has been reported in cases of
severe poisoning, for example following ingestion. In methaemoglobinemia, the ferrous form of haemoglo-
bin (Fe2*) is oxidised to the non-functional ferric form (Fe3+).

+ Chromium VI ingestion may cause caustic burns in the mouth, pharynx, stomach and duodenum may occur
as well as gastrointestinal necrosis and haemorrhage, diarrhoea, and severe dehydration. Early damage
to the renal proximal tubule can be identified by low molecular weight proteinuria with increased urinary
excretion of B,-microglobulin and retinol-binding protein (RBP). In normal conditions these are re-absorbed
by the proximal tubule. Very high doses of chromium (VI) cause damage to the proximal renal tubule and
glomerulus with acute tubular necrosis identifiable on renal biopsy. In the most severe cases, there is renal
failure with proteinuria, azotaemia and haematuria.

+ Chromium (VI) compounds can cause liver damage and failure, characterized by diffuse necrosis, with
jaundice, and increase in bilirubin, hepatic enzymes (AST, ALT) and serum lactic dehydrogenase. Pulmonary
effects include haemoptysis and pulmonary oedema.
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Name of the diseases and ICD code: Acute diseases caused by chromium or its compounds
(Specific disease code) +T56.2 +Z57

Clinical manifestations following dermal contact

+ Dermal exposure to chromium produces irritant and allergic contact dermatitis. Typical symptoms and signs
include dryness, erythema, fissuring, papules, scaling, small vesicles, and swelling.

+ Dermal exposure to chromium (VI) can cause burn. Broken skin, high temperatures, and occlusion by per-
sonal protective equipment facilitates absorption.

Following dermal exposure to high concentrations of chromium (VI) compounds, several case studies have
reported effects on the renal, haematological, cardiovascular, and gastrointestinal systems (e.g. with hyper-
aemia of the gastric mucosa). Some exposures resulted in deaths, although the magnitude of exposures
were not quantified, and in most instances, subjects had pre-existing medical conditions that may have
contributed to the reported effects.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to chromium compounds, through
either inhalation of aerosols, dusts, and liquid, accidental ingestion, or dermal contact. If available, air con-
centrations of chromium compounds at the workplace, and urinary chromium measurements.

+ Minimum duration of exposure: few minutes.
+ Maximum latent period: 24 hours.

Chemical burns and corrosion of external body surfaces (T20-T25), Burns and corrosion of the respiratory
tract (T27), Burns and corrosion of internal organs (T28.0-T28.2, T28.5-T28.7), Burns and corrosion of the
eyes (T26), Conjunctivitis (H10.2), Keratitis (H16), Corneal ulcer (H16.0), Irritant contact dermatitis (L24)
Short description of the disease

Sub-acute and chronic low-dose chromium (VI) exposure primarily causes toxicity at the site of contact. Sub-acute
exposure to chromium (VI) (aerosols, dusts, liquid), and its compounds, irritates or even corrodes the skin, and the
mucous membranes of the eyes and respiratory tract.

Chronic exposure to chromium (VI) compounds can induce conjunctivitis, keratitis and painless erosive ulceration
of the eyelids and the skin (chrome holes). Chronic exposure additionally occurs by ingestion.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Skin symptoms include burning, numbness and pain. Signs include erythema, fissuring, papules, scaling,
and small vesicles. In severe cases, the signs are those of chemical burns: swelling and blackened or
denatured skin.

- Following exposure of the eyes and adnexae, alteration, reduction or loss of vision can occur (the spraying
of chromic acid can give rise to serious eye lesions).

- Ingestion (including mucociliary clearance of inhaled particles) causes gastrointestinal irritation.
Symptoms include oral discomfort/pain, vomiting, abdominal pain, indigestion, and diarrhoea. Signs
include oral ulceration. Following ingestion, systemic effects may arise: e.g. irregular heartbeat or arrhyth-
mias, altered blood pressure, shortness of breath, coughing, headache, dizziness, seizures, and muscle
twitching.

For further details on clinical manifestations of irritant contact dermatitis, refer to item 2.2.2.
Exposure assessment

+ History of occupational exposure: confirmed evidence of high occupational exposures to chromium or its
compounds, with skin and mucosal contact. If available, urinary chromium levels and measurements of air
concentrations of chromium compounds at the workplace.

+ Minimum duration of exposure: a few minutes.
* Maximum latent period: 24 hours.
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Name of the diseases and ICD code: Chronic diseases caused by chromium or its compounds
(Specific disease code) +T56.2 +Z57

Chronic obstructive pulmonary disease (COPD), Chronic bronchitis, Emphysema ()68.4)

Short description of the disease

Chronic inhalation exposure to chromium (VI) compounds results in chronic effects on the respiratory tract, with
nasal itching and soreness, bronchitis, asthma, pneumonia and decreased pulmonary function.

Chronic inhalation of chromium (III) compounds causes a range of inflammatory changes in the respiratory tract,
causing cough or dyspnoea, production of phlegm, and shortness of breath.

Diagnostic criteria
Clinical manifestations

« Symptoms and signs: chronic cough, dyspnoea, and sputum production; wheezes, decreased intensity of
breath sounds, and prolonged expiration on physical examination.
* Examinations:

- Pulmonary function testing shows airflow limitation that is not fully reversible and is most often progres-
sive.

- Radiographs of patients with chronic bronchitis typically show only nonspecific peri-bronchial and
peri-vascular markings. Plain radiographs are insensitive for the diagnosis of emphysema; they show
hyperinflation with flattening of the diaphragm or peripheral arterial deficiency in about half of cases.
In advanced disease, pulmonary hypertension may be suggested by enlargement of central pulmonary
arteries on radiographs. Enlargement of the hilar region and lymph nodes can be found in some cases of
chromium exposure.

- CT of the chest, particularly using high-resolution CT, is more sensitive and specific than plain radiographs
for diagnosis of emphysema.

- Doppler echocardiography provides an estimate of pulmonary artery pressure.

Exposure assessment

+ History of occupational exposure: evidence of prolonged or repeated occupational exposure to chromium or
its compounds through inhalation of aerosols, dusts, and liquids; and, if available, urinary chromium levels
and measurements of air concentrations of chromium in the workplace.

+ Minimum duration of exposure: ten years.
* Maximum latent period: five years.

Allergic contact dermatitis (L23)

Chromium is one of the most common skin sensitizers. It penetrates undamaged skin and oxidizes proteins giving
rise to sensitizing antigens.

The low solubility of chromium (III) compounds makes them much less efficient contact allergens than chromium
(VI) compounds.

For further details on clinical manifestations and exposure assessment criteria of allergic contact dermatitis refer
to item 2.2.1.

Allergic occupational asthma (J45.0)

Workers may develop asthma following inhalation of chromium (VI) and sensitization, e.g. following low level expo-
sures to dusts, aerosols or welding fumes.

After exposure to chromium (III) compounds, histological examination of the lung tissue has demonstrated mild
nonspecific irritation.

For further details on clinical manifestations and exposure assessment criteria of allergic occupational asthma
refer to item 2.1.7.

Allergic disorders of upper airways (J30.3, J30.4), Chronic rhinitis (J31.0)

Long-term exposure to chromium compounds may lead to allergic effects in upper respiratory tract and chronic
rhinitis.

For further details on clinical manifestations and exposure assessment criteria of these disorders refer to item
2.1.11.
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Name of the diseases and ICD code: Chronic diseases caused by chromium or its compounds
(Specific disease code) +T56.2 +Z57

Septal ulceration of the nose (J34.0)

Short description of the disease

Deposition of chromium (VI) containing particulates or mist droplets on the nasal septum may cause painless
ulceration of the cartilaginous portion and perforation.

Clinical manifestations

+ Signs and symptoms:

During the active inflammatory phase of ulceration, symptoms such as nasal itching, soreness, and rhinor-
rhoea may appear, together with nasal mucosal atrophy and epistaxis. Crusts containing necrotic debris
from the cartilage of the septum form.

In many cases, ulceration is followed, within a week or two, by perforation. Frequent nose picking may
encourage this. Perforation typically occurs approximately 1.5 cm to 2 cm from the lower anterior part of the
nasal septum. Lesions may be observed in the upper posterior part of the septum. Posterior perforations are
usually asymptomatic while anterior ones are not. The periphery of the ulcer can remain active for several
months, during which time the perforation may increase in size. Perforations may remain patent, or heal by
the formation of vascular scar tissue. When inflammation / ulceration has subsided, symptoms are rare and
affected subjects are often unaware that the septum remains perforated. Large perforations may result in
deformation of the nasal architecture, and saddle nose deformity.

Other potential causes of nasal perforation should be considered, such as: trauma (e.g. previous surgery,
direct injury), inflammation (e.g. systemic lupus erythematosus,), infections (e.g. tuberculosis, syphilis), or
neoplasm as well as inhalation of substances (e.g. cocaine, topical corticosteroids) should be considered.

+ Examinations: thorough intranasal examination with anterior rhinoscopy is essential. Note that all crusting
should be removed to attain a complete view of the septum. Topical nasal decongestants may help visual
inspection by temporarily reducing swelling and exudate.

Exposure assessment

+ History of occupational exposure: confirmed evidence of prolonged or repeated occupational exposure to
chromium (VI) or its compounds through inhalation of aerosols, dusts, and liquid. If available, urinary chro-
mium levels, and measurements of air concentrations of chromium (VI) in the workplace.

+ Minimum duration of exposure: two weeks.
* Maximum latent period: 10 years.

Chrome ulcers (L98.4)

Short description of the disease

Chronic dermal exposure to chromium (VI) can cause skin ulcers that appear over a period of days. Over a few
weeks, the ulcer heals producing a scar.

Clinical manifestations

+ Signs and symptoms:

Chrome ulcers (chrome holes) are deep, round, and clearly demarcated. They typically appear on the skin at
finger joints, finger-webs, at the base of the nails, the backs of the hands and the forearm. Other body sites
can also be affected. Ulcers are more likely if there is a cut, abrasion or any other defect in the skin.

Over a period of days, a central crater develops, with an intense inflammatory reaction at the margins. The
early lesion causes intensive itching at the affected site, particularly at night. Although deeply penetrating,
they are usually painless or only slightly painful.

Lesions tend to be clean and heal spontaneously, but may be troublesome if secondary infected. Healing
takes a long time, leaving scars. Healing is in any case delayed if the lesion is left untreated.

Exposure assessment

+ History of occupational exposure: confirmed extensive or repeated occupational exposure to chromium (VI)
through direct skin contact. If available, urinary and blood chromium levels and measurements of air con-
centrations of chromium at the workplace.

+ Minimum duration of exposure: less than one day.
+ Maximum latent period: a couple of days.
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Name of the diseases and ICD code: Carcinogenic effects of exposure to chromium or its compounds
(Specific disease code) +756.2 +Z57

Lung cancer (C34)

The IARC classifies chromium (VI) compounds (encountered in chromate production, chromate pigment produc-
tion and chromium plating industries), as Group 1 carcinogens, causing cancer of the lung. Positive associations
have been observed for cancers of the nose and nasal sinuses.

The mechanism of carcinogenesis is complex, and not fully elucidated. Chromium (VI) compounds generate oxi-
dative stress, with the production of reactive oxygen species and hydroxyl radicals. The compounds are geno-
toxic, causing DNA strand breaks etc., and in cell and animal models various sister chromosomal aberrations are
observed. Epigenetic effects such as DNA methylation are thought to be important. Individual characteristics also
contribute to carcinogenesis: e.g. polymorphisms in chromium carrier mechanisms, endogenous enzymic reduc-
ing systems, adduct formation and the efficiency of DNA repair mechanisms.

For detailed information on these disorders, refer to item 3.1.4.

Key actions for The hierarchy of controls should be used to minimise exposure to chromium. Processes
prevention should be designed to minimise exposure, including adequate exhaust ventilation and the
suppression of dust or mist containing chromium. Built-in control measures are preferred,
requiring the least possible action by either process operators or maintenance staff. Spills
of liquids or solids must be removed to prevent dispersion as airborne dust. Wet methods
of cleaning should be used; and where this is not possible, the only acceptable alternative
is vacuum cleaning.

Where high concentrations cannot be avoided, personal protective equipment (PPE) may
be employed. For example, dust masks, preferably with an efficiency of more than 99% in
retaining particles of 0.5 ym size. Air-powered respirators may be needed in areas with
high exposures. Providing laundering overalls daily may help in avoiding skin contamina-
tion. Hand and eye protection is generally recommended. Regular repair or replacement
of all personal protective equipment (PPE) is recommended. The concentration in the work
environment of chromium-containing dust and fumes should preferably be measured at
regular intervals by both personal and area sampling. Where unacceptable concentrations
are found, the sources of dust or fumes should be identified and controlled.

At job entry, the various hazards associated with exposure to different chromium com-
pounds, and risk mitigation measures should be explained. Careful washing of the skin
after contact and care to avoid friction and sweating are important in the prevention and
the control of primary irritation due to chromates. The need for high standards of personal
hygiene should be emphasized. Regular health surveillance should include continued edu-
cation, and visual inspection for chrome skin ulcers.

Skin cuts and abrasions, however slight, should be cleaned immediately, and the use of a
frequently renewed impervious dressing will enhance healing of any ulceration that may
develop. Intravenous treatment with methylthioninium chloride (methylene blue) is used
for methaemoglobinemia in severe poisoning caused by chromic acid and sodium chro-
mate ingestion. In the past, EDTA ointment has been used in the treatment of chrome skin
ulceration, and the prevention of perforations of the nasal septum. However, given the
carcinogenic hazard presented by chromium compounds, it is poor practice to use anti-
dotes to reduce symptoms caused by high exposure levels. Instead, exposures should be
reduced to safe levels.

With regard to the risk of allergic contact dermatitis after handling concrete containing
chromium (VI) compounds, adding ferrous sulphate during mixing reduces chromium
(VI) to chromium (III) and helps prevent cases among construction and concrete element
pre-fabrication workers.
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Key actions for The group of experts considers that the following occupational exposure limits provide

prevention reasonable levels of protection for workers’ health, and these are used in a number of
countries:

+ Chromium (metals and alloys) and chromium (III) compounds: 0.5 mg/m3 as 8hr
TLV-TWA.

+ Most water-soluble chromium (VI) compounds: 0.05 mg/m3 as 8hr TLV-TWA.

* Most water-insoluble chromium (VI) compounds: 0.01 mg/m3 as 8hr TLV-TWA.
The ACGIH recommends the following 8hr TLV-TWA:

+ Metallic chromium 0.5 mg/m3.

+ Hexavalent Cr (VI) water soluble compounds 0.0002 mg/m3.

+ Water soluble trivalent Cr (III) compounds 0.003 mg/m3.

For exposure to chromium (VI) water soluble fume the ACGIH recommends the following
biological exposure indices:

+ Total chromium in urine at end of shift, end of work-week 25 pg/L.
+ Total chromium in urine, increase during shift 10 pg/L.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety

Cards (ICSC) hosted in the ILO website

Group Name Synonyms ICSC
Chromium metals and | Chromium Chrome 0029
alloys
Trivalent chromium Chromium hy- Basic chrome sulphate; Monobasic chromium; 1309
compounds droxide sulphate sulphate
Chromium(III) Chromic chloride; Chromium trichloride; 1316
chloride (anhydrous) = Trichlorochromium
Chromic (III) Chromic (III) hydroxide hydrate 1455
hydroxide hydrate
Chromic(IlI) nitrate = Chromic nitrate; Chromium trinitrate; Nitric acid; 1530
nonahydrate chromium(III) salt
Chromic(III) oxide Chromic oxide; Dichromium trioxide 1531
Chromic(III) chlo- Chromic chloride hexahydrate; Chromium trichloride | 1532
ride hexahydrate hexahydrate
Hexavalent = Water- Chromium(VI) oxide = Chromic trioxide; Chromic acid; Chromic anhydride 1194
chromi- soluble Ammonium Diammonium dichromate (VI); Dichromic acid; 1368
;omuc:c?;_ dichromate diammonium salt; Ammonium bichromate
Sodium dichromate = Disodium dichromate (VI); Dichromic acid; disodium 1369
(anhydrous) salt; Disodium dichromium heptaoxide
Sodium chromate Disodium chromate (VI); Chromic acid; disodium salt; | 1370
Disodium chromium tetraoxide
Potassium dichro- Dipotassium dichromate (VI); Dichromic acid; 1371
mate dipotassium salt; Potassium bichromate
Tert-butyl chromate = bis(tert-Butyl)chromate; Chromic acid; di-tert-butyl 1533
ester
Chromyl chloride Chromic oxychloride; Dichlorodioxochromium; 0854
Chromium dichloride dioxide
Water- Lead chromate Chromic acid, Lead (II) salt (1:1), Plumbous chromate | 0003
insoluble Zinc chromate Chromic acid, Zinc salt (1:1); Chromium zinc oxide; 0811
Zinc tetraoxychromate
Strontium chromate = C.I. Pigment yellow 32; Chromic acid strontium salt 0957
Barium chromate Barium chromate (VI); Barium chromate (1:1); 1607
Chromic acid, barium salt 1:1; C.I. 77103; C.I. Pigment
yellow 31
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P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.4  Toxic effects of chromium or its compounds T56.2 NE61 & XM9YJ8
1.1.4 | Respiratory irritation )68 CA81.Z
1.1.4 = Chemical bronchitis and pneumonitis ]68.0 CA81.0
1.1.4  Upper respiratory tract inflammation ]68.2 CA81.2
1.1.4  Chemical pulmonary oedema 168.1 CA81.1
1.1.4  Reactive airways dysfunction syndrome (RADS), ]68.3 CA81Y
Irritant-induced occupational asthma
1.1.4  Acute toxic renal failure with tubular necrosis N17.0 GB60.Z
1.1.4  Acute toxic liver disease K71.9 DB95.Z
1.1.4  Chemical burns and corrosions of external body surface T20-T25 ND9Z
1.1.4  Burns and corrosions of respiratory tract 127 NEO1
1.1.4  Burns and corrosions of internal organs T28.0-T28.2, NEOZ
T28.5-128.7
1.1.4 Burns and corrosions of eyes T26 NEOO
1.1.4 | Conjunctivitis H10.2 9A60.Z
1.1.4  Keratitis H16 9A73
1.1.4 | Corneal ulcer H16.0 9A76
1.1.4  Irritant contact dermatitis L24 EKO2
1.1.4  Allergic contact dermatitis L23 EKOO
1.1.4  Allergic occupational asthma J45.0 CA23.0
1.1.4  Chronic obstructive pulmonary disease (COPD), 168.4 CA81Y
Chronic bronchitis, Emphysema
1.1.4 | Chronic rhinitis J31.0 CA09.0
1.1.4 | Nose septal ulceration J34.0 CAOKY
1.1.4  Chrome ulcers L98.4 ME66.Y
1.1.4  Allergic disorders of upper airways J30.3,J30.4 CA08.03
1.1.4  Lung cancer C34 2C25.Z
Occupational exposure to risk factors 757 QD84Y




1.1.5 Diseases caused by manganese or its compounds ICD Code T57.2 +Z57

General
characteristics
of the causal
agent

» 1. Occupational diseases caused by exposure to agents arising from work activities

Manganese (Mn), CAS number 7439-96-5, is the element with atomic number 25 in the
periodic table of the elements, is essentially mono-isotopic, and its atomic mass is 54.9 Da.
Manganese is classified in Group VII (7-B; Transition metals) and features most oxidation
numbers between 0 (elemental) and VII (permanganate), with manganese (II) being stable
in aqueous solution over the entire range of acidity. Manganese is ubiquitous in rocks, soil,
water and food, yet it seldom occurs as free metal other than embedded in iron-manga-
nese nodules contained in cosmogenic iron meteorites. The metal is whitish-grey in colour,
very hard but ordinarily too brittle to be of structural value itself; yet, it has proved over
centuries to be an irreplaceable alloying material imparting strength and hardness to iron
and steel.

Manganese stands as the fourth most widely used metal in the world, 90% being employed
to alloy iron and steel for strength and hardness. Commercially important ores include
those containing pyrolusite (MnO,), the main manganese ore, and the much less com-
mon rose-red to pink rhodochrosite (MnCO3), from which the metal is obtained by thermal
reduction.

The main chemical forms of manganese of concern for occupational safety include:

* Manganese chloride (MnCl,): used in the manufacturing of dry cell batteries, as
supplemental trace element in animal feed, as catalyst for chlorination of organic
compounds, and precursor of other manganese compounds.

* Manganese dioxide (MnO,): used in the manufacturing of dry cell batteries, porce-
lain and glass-bonding materials, in amethyst glass production (manganese oxides
and salts are used as pigments and decolourizing agents in the glass and ceramic
industry), as flux in electric steel welding, incendiaries, fireworks, matches, and as
the starting material for other manganese compounds.

* Manganese II sulphate (MnSO,): used in fertilizers, ceramics, glazes, varnishes, fun-
gicides, and as livestock nutritional supplement.

*+ Potassium permanganate (KMnO,): produced by the electrolytic oxidation of MnO, in
potassium hydroxide (KOH) is used as a disinfectant, anti-algal agent, water purifier;
in metal cleaning, bleaching and tanning; and as a preservative for fruit and flowers.

Manganese dioxide and potassium permanganate are strong oxidizing agents and are
able to generate elemental halogens from the halogenides (especially toxic chlorine gas
from chloride) and to oxidize organic compounds, with explosion hazard.

Manganese specialty chemicals include manganese-ethylene-bis-dithio carbamate
(Maneb) and ethylene-bis-dithio carbamate of manganese and zinc (Mancozeb): these
are widely applied to edible crops as fungicides and are therefore potential sources of
manganese in soil and in food crops (see item 1.1.36). Methylcyclopentadienyl manganese
tricarbonyl (MMT) is used to improve combustion in boilers and motors and may be used
as a substitute for lead as anti-knock additive in petrol/gasoline. Manganese dipyridoxyl
diphosphate and other manganese compounds have been recommended to replace gad-
olinium complexes as tissue-specific contrast agents.
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1.1.5 Diseases caused by manganese or its compounds ICD Code T57.2 +Z57

Occupational Occupational exposure to manganese mainly occurs through the inhalation of dusts and
exposures fumes. Exposures occur in ore mining, in metallurgical processing, in steel alloy produc-
tion and in the downstream machining of steel alloys (cutting, boring and welding). Other
industrial uses of manganese that cause exposure are dry cell battery manufacture, glass
and pottery production, and the industrial production of manganese-containing chemicals
and their formulation into end-products. Laboratory uses of manganese compounds as
reagents also cause occupational exposure: in particular, the carbonyls of manganese,
such as MMT and dimanganese deca-carbonyl, which are appreciably volatile and strongly
toxic.

The main productive activities involving exposure to the metal are detailed below.

Mining and preliminary treatment of ore: manganese ore must be mined, milled, sepa-
rated from other minerals, dried, sometimes crushed or ground again, often packed and
mixed with other minerals before it can be refined for commercial use.

Manganese refining and making of iron and steel: the ore must be refined. Pure manga-
nese, that is used for the production of non-ferrous alloys, is purified by hydrometallurgical
and electrolytic processes. Blast or electric furnaces are used to process the much greater
quantities of ore required in the manufacture of basic iron and in steelmaking. At the end
of this process, the alloy ingots may be cut for easier handling and often crushed or milled
for transport. This allows better control of formulation during steel manufacture, when
specified quantities of such alloys are added to the furnace charge (to impart properties
including hardness and wear resistance, stiffness and strength), which equip them for par-
ticular fabrication or manufacturing uses. No substitute for manganese has been found
to provide these essential qualities in steel. Occupational exposures to manganese oxide
compounds may occur at each and any of these stages in manufacture. The composition
and structure of the aerosol particles in the emissions are complex and vary from process
to process.

Fabrication and manufacture: most steel welding consumables that are melted to form a
joint contain less than 6% manganese. Those used to join high manganese steels - such as
on railway crossing points or in the process of hard facing (used for toughening surfaces
such as the ‘biting edge’ of bulldozer blades) - contain much higher concentrations. Selec-
tive distillation of the fume in the welding-arc can increase the proportion of manganese
seven-fold, compared with concentrations in the consumable.

Toxicological profile, main health effects and diagnostic criteria

Short Manganese (as ultrafine metal particles) and its compounds may be absorbed into the
toxicological body through both the respiratory and the gastrointestinal tracts. The respiratory route
profile is usually much more important in occupational exposures than the oral one. The man-

ganese pool of the human body is estimated at about 12 mg. It is mostly stored as metal-
protein conjugate(s) in the liver and kidneys and in the bones in its divalent form.

Exogenous manganese absorbed from non-nutritional sources, like occupational expo-
sures, is mostly present as solid particles. The metal is more or less rapidly leached from
these particles, since it is very soluble in acid conditions (such as those of lung surfactant)
and cell lysosomes are extremely efficient in this process. High-valency absorbed manga-
nese (e.g. MnO, particles), is rapidly reduced to its ionic manganese (II) form by a number
of endogenous soluble molecules, such as sugars and amino acids, and as such is carried
in the blood like other divalent cations (e.g. magnesium(Il), calcium(II), zinc(I)). Manganese
is rapidly cleared from the bloodstream by the liver, which retains a mobile manganese
pool and from which the metal is distributed to the body. Approximately 98% of excess
manganese is excreted in the bile for disposal in faeces, and only 2% in urine. Manganese
secreted by the liver as metal-proteins, is actively absorbed by cells, and incorporated in the
active catalytic centre of crucial enzymes, such as zinc/manganese superoxide dismutase
(Zn, Mn SOD) and arginase. In the human brain, manganese is bound to proteins, the most
abudant of which is glutamine synthetase in astrocytes.

When homeostatic mechanisms controlling the free manganese pool are overwhelmed
by excess exposure and absorption (through the lungs and the gastrointestinal tract) or
by liver dysfunction, free diffusible manganese (II) can exert toxic effects in cells: the metal
ion is an active catalyst of the hydroxyl-generating dismutation of hydrogen peroxide
through the Fenton-Haber-Weiss cycle. This phenomenon can be particularly destructive
in specific areas of the brain, such as the basal nuclei, and in particular the globus pallidus
and substantia nigra. This brain area is vulnerable to the effects of oxidative stress and
the destruction of its cells by manganese and toxic organic compounds such as 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). These cause a clinical syndrome similar to idio-
pathic Parkinson’s disease. Due to the generalized reduction of exposure levels, at least in
the developed world, attention nowadays focuses on prolonged and lifetime exposure of
the general population to low levels of manganese.
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1.1.5 Diseases caused by manganese or its compounds ICD Code T57.2 +Z57

Name of the diseases and ICD code: Acute diseases caused by manganese or its compounds
(Specific disease code) +T57.2 +Z57

Mucous membrane irritation (J68), Bronchitis and pneumonitis (J68.0), Burns and corrosion of respiratory
tract (T27), Burns and corrosions of external body surface (T20-T25), Burns and corrosions of mouth,
pharynx and oesophagus (T28.0-T28.1, T28.5-T28.6), Burns and corrosions of eye and adnexa (T26.0-T26.1,
T26.5-T26.6), Acute toxic encephalopathy (G92)

Short description of the disease

Acute manganese effects are rare and seldom described. Inhalation of fumes and vapours of manganese as well
as particulate manganese compounds affects the mucous membranes. Potassium permanganate can cause con-
siderable corrosive damage to the mucous membranes, skin and eyes. Solutions of potassium permanganate
> 1:5000 are corrosive, and ingestion (uncommon at the workplace) carries the risk of local and possibly life-
threatening burns of the upper gastrointestinal tract. The central nervous system may be affected, with an acute
encephalopathy.

Diagnostic criteria

Clinical manifestations

Irritation and inflammation of the eyes and of the airways, with cough, bronchitis, pneumonitis, and impaired
respiratory functions, can all occur. The first phases of encephalopathy due to acute manganese intoxication are
characterized by mood alteration, emotional frailty, hallucinations, and aggressiveness. After some months, this
stage, sometimes known as “manganese madness”, can further evolve into a chronic toxic encephalopathy (see
below).

Exposure assessment

+ History of occupational exposure: confirmed acute exposure to manganese fumes and dusts at the work-
place and, when available, workplace air monitoring.

* Minimum duration of exposure: a few minutes.
+ Maximum latent period: 48 hours.

Metal fume fever (T56.8)

Short description of the disease

Symptoms are not specific and the diagnosis can be difficult, as metal fume fever presents as a flu-like syndrome.
Symptoms generally appear a few hours after exposure, and are reversible 1-4 days after cessation of exposure.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: fever, chills, nausea, headache, fatigue, malaise, muscle aches, and joint pains appear-
ing some hours after exposure. A sweet or metallic taste in the mouth, which alters the taste of food and
cigarettes, is usually reported, along with a dry or irritated throat which may lead to hoarseness. Symptoms
may include a burning sensation in the body, shortness of breath, chest pain, cough, dyspnoea, rash, vomit-
ing, watery or bloody diarrhoea and low blood pressure.

+ Examinations: pulmonary function is commonly unaffected, but tests may show reduced lung volumes.
Chest X-ray findings are generally unremarkable. There is an increase of white blood cell count (leucocytosis),
but not in all cases. High levels of urine, blood and serum manganese can be detected.

Exposure assessment

+ History of occupational exposure: confirmed acute exposure to manganese or its compounds and, when
available, workplace air monitoring.

+ Minimum duration of exposure: few minutes.
« Maximum latent period: few hours.

Irritant contact dermatitis (L24)

Skin lesions have been observed in manganese mineworkers. For further details on diagnostic and exposure
assessment criteria, refer to item 2.2.2.

Allergic contact dermatitis (L23)

Manganese may be absorbed through damaged skin and has been implicated in the development of allergic
contact dermatitis. For further details on diagnostic and exposure assessment criteria, refer to item 2.2.1.
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1.1.5 Diseases caused by manganese or its compounds ICD Code T57.2 +Z57

Name of the diseases and ICD code: Chronic diseases caused by manganese or its compounds
(Specific disease code) +T57.2 +Z57

Manganism (T57.2), Chronic toxic encephalopathy (G92)

Short description of the disease

Manganese can cause a slowly progressive and disabling Parkinsonian syndrome called “Manganism”. This disease
is characterized by neuropsychiatric and extrapyramidal dysfunction, with changes in neuropsychological function,
motor slowing, and memory deficits attributed to deposition of manganese in the brain. The brain areas affected
are those dedicated to the control of movement (principally the basal ganglia). Symptoms include gait disorders,
postural instability, a mask-like expressionless face, tremor and psychiatric symptoms. The disease may be revers-
ible, but when advanced, it can be permanent.

Manganism typically evolves in a four-stage process:

+ Stage 1: only very mild clinical performance deficits and mood changes can be observed, and they might not
be detected unless they are actively sought. Note that disease detection at this stage would allow preventive
interventions and avoid the progression of the disease.

+ Stage 2: the symptoms observed in this phase are not specific and may include weakness, irritability, anxiety,
anorexia, headache, alterations of sleeping cycles and confusion. In some cases, loss of libido and impotence
are reported, together with sphincter dysfunction. In general, these symptoms are initially very mild and
may not be detected without active enquiry. More striking symptoms are uncontrollable laughter or tears,
and impulsive/compulsive behaviour. Since this phase is not present in idiopathic Parkinson’s disease, emo-
tional symptoms may be the first indication of manganese toxicity. Neuropsychological testing can be useful
in detecting abnormalities at an early stage.

+ Stage 3: this is an intermediate stage characterized by signs and symptoms typical of basal ganglia impair-
ment, such as slow speech and a mask-like face. This is followed by the onset of tremor, which differs from
Parkinson's disease as it typically occurs on movement and is symmetrical. In this phase, the affected subject
is mainly dystonic and bradykinetic, showing a typical waving movement of the arms. The patient is unable
to run and can walk backwards only with difficulty. Assessment with specifically designed computer tests
(e.g. the CATSYS® system) can document degree of tremor and postural sway.

+ Stage 4: this is the most severe and final stage of the disease. The patient's condition deteriorates notice-
ably and various disorders, especially those affecting the gait, grow steadily more pronounced. A significant
decline in memory function can be evident. Postural tremor may be observed, walking and turning around
become more difficult, and walking backwards impossible. There may be a postural tremor, frequently in the
lower limbs, but even generalized. Handwriting becomes irregular, with micrographia: writing may become
illegible with tremor observed in cursive writing. Similar to Parkinson’s disease, in advanced stages of man-
ganism the patient has difficulty in maintaining balance, and may fall when attempting to walk backwards.
As a result of increasing muscular rigidity, there may be development of the characteristic ‘cock gait”: slow,
spasmodic, unsteady walking or strutting on extended feet and toes, putting weight on the metatarsals, with
elbow flexion and a straight spine. Tendon reflexes become exaggerated. At this stage, the disease is usually
irreversible.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: impaired memory and judgement, anxiety and, sometimes, psychotic manifestations,
parkinsonian-like signs with progressive bradykinesia, dysarthria, axial and extremity dystonia, paresis,
gait disturbances, muscle-rigidity, intention tremor, postural instability, impaired coordination and a mask-
like face. For more details on the temporal evolution of signs and symptoms, see the above four-stage
classification.

* Examinations:

- Neuropsychological tests can detect abnormalities at an early stage.

- Magnetic resonance imaging (MRI) shows bilateral hyper-intense lesions typical of manganese deposi-
tion, mainly in the globus pallidus.

- Magnetic resonance spectroscopy (MRS) shows abnormal brain metabolites such as N-acetylaspartate
(NAA), myoinositol, or gamma-aminobutyric acid (GABA).

- Diffusion tensor imaging (DTI) reveals altered microstructural integrity of white matter in the corpus callo-
sum and frontal areas.

- Functional MRI shows increased activation of sensorimotor or working memory networks of the cortex
due to neural compensation.

- Fluorodopa positron emission tomography (PET) shows a typical reduction of dopaminergic transmission.
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« Differential diagnosis: classical manganism can be differentiated from idiopathic Parkinson’s disease (PD)
and other forms of parkinsonism, in particular:

- Early symptoms of manganism are psychiatric, differing from Parkinson’s disease.

- Symmetrical impairment is another important criterion: a non-symmetrical distribution of effects is not
indicative of manganism.

- Postural or kinetic tremor (vs. resting tremor in PD), early onset of gait dysfunction with peculiar high-
stepped gait, tendency to fall backwards, pronounced dystonia, facial grimacing.

- Earlier age of onset (Parkinson’s disease typically occurs after the age of 60 years) and usually a poor
response to levodopa.

- On MRI neuronal damage is mainly in the globus pallidus, and not the substantia nigra.
Exposure assessment

+ History of occupational exposure: confirmed prolonged exposure to manganese compounds and, when
available, workplace air monitoring.

* Minimum duration of exposure: few months.
+ Maximum latent period: 10 years (but latencies up to few decades have been reported).

Irritant-induced occupational asthma (J68.3)

Long-lasting observed effects of prolonged or repeated exposure to manganese include asthma and impaired
lung function. For more details on clinical features and exposure assessment criteria, see item 2.1.7.

Key actions for The prevention of manganese poisoning is primarily a question of suppression of man-
prevention ganese dusts and fumes. In mines, dry drilling should always be replaced by wet drilling.
Shot-firing should be carried out after the shift so that the heading can be well ventilated
before the next shift starts up. Good general ventilation at source is essential. Airline respi-
ratory protection equipment as well as independent respirators have to be used in specific
situations to avoid excessive short-term exposures.

A high standard of personal hygiene is essential, and adequate sanitary facilities, clothing,
and time must be provided so that compulsory showering after work, a change of clothes,
and a ban on eating at the workplace can be effected. Smoking at work should be prohib-
ited as well.

Periodic measurements of exposure levels should be performed, and attention should be
given to the size distribution of airborne manganese particles. Contamination of drinking
water and food as well as workers’ dietary habits ought to be considered as a potential
additional source of exposure. With the introduction of methylcyclopentadienyl manga-
nese tricarbonyl (MMT) as a gasoline additive, there is concern for the toxic potential of
environmental manganese exposure.

Some workers may have increased susceptibility to the effects of exposure such as those
with psychological or neurological disorders. Nutritional deficiency states may predispose
to anaemia: mechanisms of iron absorption are similar to those of other divalent metals,
and a diet deficient in iron can lead to excess absorption of and increase susceptibility to
manganese. Therefore, workers suffering from such deficiencies have to be kept under
strict surveillance. During the anaemic state, subjects should avoid exposure to manga-
nese. The same relates to those suffering from lesions of the excretory organs, or from
chronic obstructive lung disease.

Threshold limit values (TLV) are recommended for occupational exposure to manganese
and its compounds, with values intended to minimize the potential for pre-clinical adverse
effects in the lungs and central nervous system (CNS). Nonetheless, the lowest exposure
concentration of manganese at which early effects on the CNS and the lungs may occur is
still unknown.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations have been observed to provide a reasonable level of protection for
workers' health and have been used in a number of countries.

+ Manganese and most inorganic compounds: 0.02 mg/m3 (respirable fraction), 0.1 mg/m3
(inhalable fraction) as 8 hours' time-weighted average (8hr TWA).

+ Potassium permanganate: 0.2 mg/m3 as 8hr TWA.
+ Methylcyclopentadienyl manganese tricarbonyl: 0.2 mg/m3 as 8hr TWA.
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» 1. Occupational diseases caused by exposure to agents arising from work activities

For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Maneb Manganese, ethylenebis(dithiocarbamate); 0173
((1,2-Ethanediylbis(carbamodithioato))(2-)) manganese;
Manganese ethylene-1,2-dithiocarbamate

Manganese 0174
Manganese dioxide Manganese(IV)oxide; Manganese peroxide 0175
Manganese sulphate monohydrate Manganous sulphate monohydrate 0290
Potassium permanganate Permanganic acid potassium salt 0672
Mancozeb Manganese ethylenebis(dithiocarbamate)(polymeric)complex 0754
with zinc salt; Manzeb; Manganese-zinc ethylenebis (dithiocar-
bamate)
Manganese, cyclopentadienyltri- Cyclopentadienyl manganese tricarbonyl; MCT 0977
carbonyl
Methylcyclopentadienyl manga- MMT 1169

nese tricarbonyl

Manganese oxide Trimanganese tetraoxide; Manganomanganic oxide 1398

» Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11

1.1.5 Acute and chronic diseases caused by manganese or its compounds T57.2 NE61 & XM3FY4

1.1.5 Mucous membrane irritation )68 CA81.Z

1.1.5 = Bronchitis and pneumonitis ]68.0 CA81.0

1.1.5  Burns and corrosion of respiratory tract T27 NEO1

1.1.5 | Burns and corrosion of external body surface T20-T25 ND9Z,
ND9Y,NE2Z,
NE10, NE11

1.1.5 = Burns and corrosion of mouth, pharynx and esophagus T28.0-128.1, NEO2, NEO1,

T28.5-T28.6 NEOZ, ND90.Z
1.1.5  Burns and corrosion of eye and adnexa T26.0-T26.1, NEOO
T26.5-T126.6

1.1.5  Toxic encephalopathy (acute/chronic) G92 8D43.0,

1.1.5 Metal fume fever T57.2 NE61

1.1.5 Irritant contact dermatitis L24 EK02

1.1.5 Allergic contact dermatitis L23 EKOO

1.1.5 Manganism T57.2 NE61 &
XM3FY4&
8A00.2Y

1.1.5 | Irritant-induced occupational asthma )68.3 CA23.0

Occupational exposure to risk factors 757 QD84Y
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1.1.6 Diseases caused by arsenic or its compounds ICD Code T57.0 +Z57

General Arsenic (As), CAS number 7440-38-2, the chemical element with atomic number 33 in the
characteristics periodic table of elements, has one stable isotope (7>As), and a mean atomic mass of 74.9
of the causal Da. Arsenic is classified in Group 15 (3-B, semi-metals) and features four different oxidation
agent (valence) conditions: -3, 0, +3 (or III), and +5 (or V), the most important of which are:

1. Inorganic arsenic (III) ‘arsenite’ and arsenic (V) ‘arsenate’ compounds.
2. Organic arsenic compounds [both arsenic (V) and arsenic (III) oxidation states].
3. Arsine gas and substituted arsines (-3 oxidation state: arsenic hydrides, arsenic
alkyls).
Elemental arsenic is an abundant, silver-grey, semi-metallic element, which sublimesinto a
vapour above 615°C rather than melting.

Typical soil levels of arsenic are 1-10 ppm, while seawater has concentrations around 1.6
ppb. In nature, arsenopyrite (FeAsS) contained in sulphide ores is the most abundant form
of arsenic. Other important minerals are the sulphides, orpiment and realgar.

Due to the natural presence of arsenic organic compounds in several organisms, there
is a natural bio-geochemical arsenic cycle. Organic arsenic compounds are abundant in
marine organisms and are usually characterized by very low toxicity and low biological
conversion rates to toxic forms. Arsenic commonly occurs in the atmosphere, mainly in
particulate matter (ash) released from the combustion of carbon reservoirs, such as coal
and oil, of which it is a natural constituent at levels up to some tens of grams per ton (parts-
per-million). Arsenic fumes [mainly comprising arsenic (V) oxides] are released from the
processing of mixed sulphides and arsenides in primary metallurgy.

Arsine gas and alkyl-arsines (trimethyl-arsine, Gosio gas) are generated by moulds, which
can naturally grow on arsenic-containing organic materials. Some benthonic seawater
organisms are also able to incorporate arsenic into alkyl-arsenic fatty acids.

Occupational Humans have used arsenic since antiquity, as testified by manufactured bronze articles
exposures recovered at archaeological sites. Due to its toxicological hazards (see below), low-technol-
ogy production and dispersion into the environment are decreasing, and the industrial use
of arsenic has been restricted or banned in many countries.

Nonetheless, current industrial uses and possible occupational exposures occur in sev-
eral processes, which include: smelting of sulphide-arsenide ores (primary metallurgy),
the preparation and manufacturing of alloys with other metals (e.g. with lead, copper,
zinc), and the residual manufacture and use of arsenic-containing compounds. The latter
include insecticides, herbicides, fungicides and wood preservatives (monosodium methyl
arsenate, mainly in the past), and arsenic containing pigments (e.g. Paris green - cupric
acetoarsenite; and Scheele's green - cupric arsenite). Applications include impregnating
construction timber with copper arsenate as a biocide to prevent rotting and insect infes-
tation. Arsenic-containing pesticides are banned in many countries, but in others, their use
is still authorized.

Some arsenic compounds are used in microelectronics (gallium arsenide) and in the
glass-making and optical industry, where manufacturing is performed under strict con-
ditions of isolation: occupational exposure in these contexts is thus usually very limited.

The presence of both natural and non-occupational exposures to arsenic should be consid-
ered when high concentrations of arsenic are found in biological samples. Arsenic found in
trace-amounts in coal, and released on burning is one of the main sources of environmen-
tal contamination from anthropogenic sources.

The presence of arsenic in natural ground-water in some areas, such as coastal Bengal
and Bangladesh, some regions in China and the USA, in Andean South America, as well as
in central Italy, can cause environmental exposure of the general population. This may be
a consequence of ingesting contaminated water, as well as arsenic incorporated in grain
crops.

Arsenic incorporated in combustible biomass and in treated timber, can leach into the
ground, or be released in the atmosphere when these materials are burned.

Toxicological profile, main health effects and diagnostic criteria

Short Most inorganic arsenic compounds are readily absorbed after oral exposure (about 80-90%
toxicological for soluble compounds, lower for less soluble compounds) and less well absorbed after
profile inhalation although better for small particulates and soluble arsenicals. But large airborne

arsenic-containing particulates that are deposited in the upper airways may be absorbed
in the intestine if they are swallowed.
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Short In the human body, inorganic arsenic compounds are converted to arsenic (III) and arsenic
toxicological (V); arsenic (V) is in turn rapidly converted to arsenic (III) by cellular glutathione. Arsenic (III)
profile species are more toxic and bioactive than arsenic (V) species, both because arsenic (III) is

more chemically reactive, and because it enters the cell more easily.

Arsenic can exert its toxic effects at low doses by disrupting several biological systems due
to its chemical similarity to the essential element phosphorus, and its ability to bind bio-
logical thiols.

The main chemical forms of arsenic of concern for occupational health include: elemental
arsenic, the inorganic compounds arsenic trioxide (As,0), copper arsenite (Cu(AsO,),),
sodium arsenite (NaAsO.,), lead arsenate (Pb5(AsO,),), arsenic pentoxide (As,0Os), and arsine
gas (AsH,). Soluble trivalent compounds are the most toxic for humans.

The toxicological targets of acute arsenic poisoning are the gastrointestinal tract and
the nervous system. At cellular level, arsenic hampers energy utilization by inhibiting
the key enzyme pyruvate dehydrogenase, uncoupling oxidative phosphorylation and,
downstream, inhibiting energy-linked reduction of NAD+, mitochondrial respiration, and
adenosine triphosphate (ATP) synthesis. Next, the excessive production of hydrogen per-
oxide (H,0,) triggers oxidative stress. The global effect of these metabolic disturbances is
necrotic cell death, which can lead to death from multi-system organ failure. In cases of
acute poisoning, a post-mortem examination reveals brick-red coloured mucosae, due to
severe haemorrhage.

At lower doses, which are relevant to occupational exposure and to higher levels of envi-
ronmental contamination, arsenic is a growth promoter initiating cell hyperplasia. For
example hyperkeratosis, changes in skin pigmentation, and other adverse effects are
observed in the general population of the Indian sub-continent (Bangladesh, India) and
of other countries in the world where the content of inorganic arsenic in drinking water is
unusually high.

Arsine gas (AsH,) forms through electrolytic or metallic reduction of arsenic and is pecu-
liar in its toxicity, in that it is a strong, rapidly acting haemolytic agent. Trimethyl-arsine
(As(CHs),) is a volatile arsenic compound which can be naturally generated by microor-
ganisms and fungi, when they grow on organic media which contains arsenic. One typical
source is rotting old or vintage wallpapers usually printed in green colours.

Arsenic can be measured in blood, urine, hair, and fingernails. In blood, it has a half-life of
about 60 hours. In subjects with a normal renal function, its biological half-life reflected
in urine excretion is between 1 to 2 days. Measurement of arsenic in urine, preferably
in a 24-hour sample and corrected for creatinine excretion, is a more reliable method of
monitoring absorption of inorganic arsenic by exposed workers, when compared to its
measurement in blood, and in long-term compartments such as hair or nails.

Most organic arsenic compounds, which are mainly present in the diet, are eliminated in
the urine in their unchanged form, while about 75% of absorbed inorganic arsenic is con-
verted to methylated arsenic compounds in the body prior to urinary excretion; therefore,
in vivo methylation represents a true detoxification process.

Exposure to arsenic both in the environment and at workplaces has been classified as a
cause of cancer by the IARC (see item 3.1.15).

Name of the diseases and ICD code: Acute diseases caused by arsenic or its compounds
(Specific disease code) +T57.0 +Z57

Irritation of mucous and respiratory membranes (J68), Chemical bronchitis and pneumonia (J68.0),
Chemical pulmonary oedema (J68.1), Upper respiratory inflammation (J68.2), Systemic acute poisoning
(T57.0)

Short description of the disease

At high levels of exposure, arsenic and its compounds cause irritation of the nasal mucosae, larynx and bronchi.
Acute intake of to large doses of inorganic arsenic (70-180 mg by ingestion) has been proved to be fatal, while
absorption of sub-lethal doses can cause a plethora of systemic effects as detailed below.




48

» Diagnostic and exposure criteria for occupational diseases

1.1.6 Diseases caused by arsenic or its compounds ICD Code T57.0 +Z57

Diagnostic criteria

Clinical manifestations

+ Inhaled arsenic is irritating to the respiratory mucosae and the lungs, thus inducing rhinitis, laryngitis, and
bronchitis progressing to pneumonia. Pulmonary oedema can occasionally be observed.

+ Sub-lethal doses of arsenic, most likely through ingestion, may cause abdominal pain, nausea, vomiting,
diarrhoea; possible skin rash, hair loss, haematological alterations (anaemia, leucopaenia, neutropenia),
neurological manifestations (convulsions, cramping muscles), and pulmonary dysfunction can be observed.
In the most severe cases, the syndrome evolves into severe gastroenteritis, loss of fluid and electrolytes,
cardiac disorders, kidney impairment, convulsions, and shock. In detail:

- Cardiovascular effects: acute and chronic arsenic exposure can cause myocardial depolarization, cardiac
arrhythmias, and ischaemic heart disease. Arsenic causes dilatation of capillaries, with increased permea-
bility and consequent oedema after acute exposures, this mechanism is likely responsible for the periph-
eral vascular disease following chronic exposure to arsenic.

- Gastrointestinal effects: acute or sub-acute exposure to high doses of arsenic by ingestion is associated
with gastrointestinal symptoms, which range from mild cramping, diarrhoea, and vomiting to gastrointes-
tinal haemorrhage and death. At higher doses there is inflammation and necrosis of the sub-mucosa and
rupture of the intestinal wall.

- Renal effects: the action of arsenic on renal capillaries, tubules, and glomeruli can cause severe kidney
damage.

+ Inhalation of arsine (AsHs) can be lethal due to fulminant haemolysis. A few hours after exposure, patients
can develop headache, anorexia, vomiting, paraesthesia, abdominal pain, chills, haemoglobinuria, biliru-
binaemia, and anuria. Jaundice appears after 24 hours. Arsine induces renal toxicity that can progress to
kidney failure both by itself and as a consequence of haemolysis. Approximately 25% of cases of arsine
exposure result in death but this gas is seldom the cause of occupational poisonings.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to arsenic dusts, fumes or vapour and
measurements of arsenic and its compounds in urine, whenever biological specimens can be obtained
within 24-48 hours of exposure. A level of urinary arsenic excretion >25 ug over 24 hours might indicate poi-
soning. In laboratory assays, toxic inorganic arsenic must be distinguished from non-toxic organic arsenic
originating from seafood by chemical speciation.

+ Minimum duration of exposure: few minutes.
* Maximum latent period: few hours.

Acute toxic encephalopathy (G92)

Short description of the disease

In rare cases, high-dose acute arsenic exposure (e.g. after massive ingestion, most likely for suicidal or homicidal
aims) may cause haemorrhagic encephalopathy.

Diagnostic criteria

Clinical manifestations

Neurological symptoms can progress through headache, lethargy, mental confusion, delirium, hallucination, sei-
zures, loss of consciousness and coma. Cognitive and behavioural alterations may appear as sequelae of the acute
poisoning. Typical symptoms and signs occur from few days to some weeks after the recovery from an acute
poisoning.

Exposure assessment

+ History of occupational exposure: confirmed previous acute arsenic poisoning occurring at the workplace.
+ Minimum duration of exposure: a previous acute poisoning is necessary.
+ Maximum latent period: 40 days from the onset of the acute poisoning symptoms.
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Name of the diseases and ICD code: Chronic diseases caused by arsenic or its compounds
(Specific disease code) +T57.0 +Z57

Nasal septum ulceration (J34.0)

Short description of the disease

Erosion, ulceration or perforation of the mucosal membrane of the nasal septum have been observed in cases of
repeated or continuous contact of the mucous membranes of the nasal septum with elevated concentrations of
arsenic fumes or dusts.

Diagnostic criteria

Clinical manifestations

Evidence of ulceration preceded by irritation, possibly progressing to septal perforation.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to arsenic dusts, fumes or vapour and
measurements of arsenic and its compounds in urine, whenever biological specimens can be obtained
within 24-48 hours from last exposure. A level of urinary arsenic excretion >25 pg over 24 hours might indi-
cate poisoning. In laboratory assays, toxic inorganic arsenic must be distinguished from non-toxic organic
arsenic originating from seafood. For exposures in the more distant past, arsenic (or its organic derivatives)
can be measured in blood, hair (levels between 0.1 and 0.5 mg/kg on a hair sample may indicate chronic
poisoning), and fingernails.

+ Minimum duration of exposure: few months.
+ Maximum latent period: six months.

Arsenical keratosis (warts) (L85.8), Palmar and plantar hyperkeratosis (L85.1, L85.9)

Short description of the disease

Arsenic has been shown to alter differentiation of epidermal keratinocytes, affect cell cycle and apoptosis, induce
over-expression of growth factors, and enhance proliferation of keratinocytes. Among the most significant diag-
nostic criteria of chronic arsenic poisoning are diffuse hyperkeratotic lesions of the palms and soles. Hyperkeratotic
lesions of the skin can progress to squamous cell carcinoma.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: epidermal thickening usually occurs at sites of friction and trauma, especially on both
palms of the hands and soles of the feet, together with transverse white bands in the nail beds (Mee's lines).
Keratoses may develop on the dorsum of the hands, the arms, and the legs. They manifest as small, punc-
tate, non-tender, hard, horny, yellowish, often symmetric, corn-like papules.

+ Examinations: biopsy of skin lesions can document hyperkeratosis.

Exposure assessment

+ History of occupational exposure: confirmed chronic occupational exposure to arsenic dusts, fumes or
vapour; measurements of arsenic and its compounds in blood, hair, and fingernails can document expo-
sures occurred in the past 6-12 months.

* Minimum duration of exposure: a few months.
+ Maximum latent period: three years.

Skin hyperpigmentation or depigmentation (L81.8)

Short description of the disease

Chronic arsenic exposure can cause hyperpigmentation of skin, interspersed with spots of hypopigmentation.
Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: melanosis (hyperpigmentation) of the face, eyelids, neck, areolae, trunk, axillary
folds and genitalia. Spotted depigmentation of pigmented areas. Spotty rain-drop pigmentation of the skin
distributed bilaterally and symmetrically over trunks and limbs is the best diagnostic feature of arsenical
hyperpigmentation.
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Exposure assessment

+ History of occupational exposure: confirmed chronic occupational exposure to arsenic dusts, fumes or
vapour; measurements of arsenic and its compounds in blood, hair, and fingernails can document expo-
sures occurred in the past 6-12 months.

* Minimum duration of exposure: a few months.
+ Maximum latent period: three years.

Sensorimotor polyneuropathy (G62.2)

Short description of the disease

A common neurological effect of repeated exposure to arsenic is a peripheral neuropathy characterized by the loss
of sensation in the hands and feet (a so-called “stocking and glove” distribution), followed by muscle weakness.
Neuropathy occurs several days after exposure to arsenic and can be reversible following cessation of exposure,
although a prolonged gradual but usually incomplete recovery may occur. Motor and sensory dysfunction is a
frequent sequel of an acute poisoning; dysfunction can be observed in mild cases only in subclinical forms.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: decreased sensation (e.g. touch, pain, vibration, or proprioception), diminished
reflexes (ankle, commonly), muscle atrophy, muscle twitching (fasciculation), muscle weakness, paralysis
of the hands and lower limbs. Other accompanying manifestations include gastrointestinal symptoms, skin
discolouration and anaemia.

+ Examinations: electrophysiological features suggest a distal sensorimotor axonopathy, but proximal demy-
elination may be conspicuous at an early stage. Pathological examination confirms axonal loss.

Exposure assessment

+ History of occupational exposure: confirmed chronic occupational exposure to arsenic dusts, fumes or
vapour and, when available, measurements of arsenic and its compounds in blood, hair, and fingernails.

+ Minimum duration of exposure: six months.
+ Maximum latent period: three years.

Vasospasm/Raynaud'’s syndrome (173.0)

Short description of the disease

Arsenic dilates capillaries and increases their permeability. Chronic exposure to arsenic causes peripheral vas-
cular disease. The most typical example of chronic exposure to arsenic is “black foot disease”, a condition with a
vasospastic tendency that leads to acrocyanosis and recurrent Raynaud’s phenomenon. This progresses to severe
venous obstruction and gangrene of the lower legs. It is worth mentioning that black foot disease is endemic in
regions of Taiwan, with arsenic levels in drinking water up to 800 pg/L.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: the clinical picture typically progresses from numbness or coldness of one or more
extremities to intermittent claudication, and finally to gangrene and spontaneous amputation.

« Examinations: measurement of digital artery pressure may show a decrease of about 15 mmHg after hands/
feet have been cooled. Doppler ultrasound may show peripheral vascular disease. Infrared thermographic
imaging of hand/feet and fingers/toes is a useful diagnostic tool. Full blood count may show anaemia.

+ Maximum latent period: one year.
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Liver impairment (K71.9)

Short description of the disease

Arsenic compounds may cause necrosis of hepatocytes, injure sinusoidal and endothelial cells, and eventually
cause thrombosis of intrahepatic portal vein radicals. Liver injury, including steatosis, cirrhosis, non-cirrhotic portal
hypertension, angiosarcoma and primary liver cancer, can occur. Liver impairment is very often characterized by
mild changes in serum hepatic enzyme concentrations and liver enlargement.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: the clinical onset of non-cirrhotic portal hypertension is often insidious with weight
loss, fatigue and abdominal swelling and minor, nonspecific elevation of serum enzymes, followed by the
appearance of variceal haemorrhage or ascites. Features of portal hypertension (ascites, variceal haemor-
rhage) rather than hepatic failure (jaundice, encephalopathy or coagulopathy) are predominant. Chronic
exposure to arsenic has been linked to cirrhosis and liver cancer, although the contribution of alcohol and
other chronic liver diseases in reported cases could not be excluded.

+ Examinations: liver ultrasound, liver biopsy, as well as computed tomography (CT), magnetic resonance
imaging (MRI), endoscopic retrograde cholangiopancreatography (ERCP), and magnetic resonance cholan-
giopancreatography (MRCP) can support the diagnosis and indicate the severity of liver dysfunction. Note
that in liver damage due to chronic arsenic poisoning, liver function tests are often normal.

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to arsenic dusts,
fumes or vapour; measurements of arsenic and its compounds in blood, hair, and fingernails can document
exposures that occurred in the past 6-12 months.

+ Minimum duration of exposure: few months.
* Maximum latent period: few months.

Haematological alterations (D61.2)

Short description of the disease

Arsenic is likely to cause both direct cytotoxic effects on blood cells and suppression of erythropoiesis through
bone marrow toxicity. Arsenic may also inhibit the synthesis of haeme.

Diagnostic criteria

Clinical manifestations

Anaemia, thrombocytopaenia, and leucopaenia can be documented through routine examinations such as
full blood count. Bone marrow examination can show signs of suppressed erythropoiesis through direct bone
marrow toxicity.

Exposure assessment

+ History of occupational exposure: confirmed acute and chronic exposure to arsenic dusts, fumes or vapour
and measurements of arsenic and its compounds in urine, whenever biological specimens can be obtained
within 24-48 hours from last exposure. For exposures in the more distant past, arsenic (or its organic deriv-
atives can be measured in blood, hair (levels between 0.1 and 0.5 mg/kg on a hair sample may indicate
chronic poisoning), and fingernails, as measurement in these biological matrices can document exposures
occurred in the last 6-12 months.

+ Minimum duration of exposure: few months.
* Maximum latent period: one year.
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Name of the diseases and ICD code: Carcinogenic effects of exposure to arsenic or its compounds
(Specific disease code) +T57.0 +Z57

Lung cancer (C34), Skin cancer (C44), Bladder cancer (C67)

There is sufficient evidence in humans for the carcinogenicity of mixed exposures to inorganic arsenic compounds.
Inorganic arsenic compounds cause cancer of the lung, urinary bladder, and skin. In addition, a positive association
has been observed between exposure to arsenic and inorganic arsenic compounds and cancer of the kidney, liver,
and prostate. IARC classified arsenic and inorganic arsenic compounds as Group 1 carcinogens. For more details,
refer to item 3.1.15.

Key actions for Most applications once involving arsenic have been superseded. In those where the use
prevention of the element, of its compounds and of arsenic-containing materials is required, strict
isolation of the workers from the potential source of exposure should be enforced and
specific personal protective equipment should be provided. This is usually the case in high
technology production, such as semiconductors (gallium arsenide), where the production
conditions themselves are in enclosed systems.

Where this is not the case, such as in energy generation from fossil fuels, tiered protection
of workers through measures such as isolation of sources followed by personal protection
of workers should be employed.

In addition to inhalation exposure, oral exposure via contaminated clothes, hands, tobacco
and so on should be monitored, and biological monitoring of inorganic arsenic in urine
may be useful for evaluation of absorbed doses. Workers should be supplied with suitable
protective clothing, protective boots and, when there is a risk that the exposure limit for
airborne arsenic will be exceeded, respiratory protective equipment. Lockers should be
provided with separate compartments for work and personal clothes, and adjacent sani-
tary facilities of a high standard should be made available. Smoking, eating and drinking
at the workplace should not be allowed. Pre-placement medical examinations should be
carried out. Persons with pre-existing diabetes, cardiovascular diseases, anaemia, allergic
or other skin diseases, neurologic, hepatic or renal lesions, should be thoroughly assessed
for appropriate job placement in arsenic-related work. Periodic medical examinations of
all arsenic-exposed workers should be performed with special attention to possible arse-
nic-related symptoms.

Determination of the level of inorganic arsenic and its metabolites in urine allows esti-
mation of the total dose of inorganic arsenic taken up by various exposure routes. This
methodology is only useful when inorganic arsenic and its metabolites can be measured
specifically. Total arsenic in urine may often give erroneous information about industrial
exposure, since even a single meal of fish or other marine organisms (containing consider-
able amounts of non-toxic organic arsenic compounds) may cause greatly elevated urinary
arsenic concentrations for several days.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations have been observed to provide a reasonable level of protection for
workers' health and have been used in a number of countries as 8hr threshold limit value
time-weighted average (TLV-TWA):

+ 0.01 mg/m3 for arsenic and its inorganic compounds.

+0.005 ppm for arsine.




» 1. Occupational diseases caused by exposure to agents arising from work activities

1.1.6 Diseases caused by arsenic or its compounds ICD Code T57.0 +Z57

1.

Further reading

. Harrison’s Principles of Internal Medicine. 18th Edition. Chapter 256. Occupational and Environmental
1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

International Program on Chemical Safety Environmental Health Criteria (IPCS-EHC). Arsenic (No. 18, 1981)
at: http://www.inchem.org/documents/ehc/ehc/ehc018.htm. Last accessed: 26.01.2022.

International Program on Chemical Safety Environmental Health Criteria (IPCS-EHC). Arsenic and arsenic
compounds (2nd edition) (No. 224, 2001; modified 2004) at: https://inchem.org/documents/ehc/ehc/
ehc224.htm. Last accessed: 26.01.2022.

International Agency of Research on Cancer (IARC). Monographs on the Evaluation of Carcinogenic Risks
to Humans. Geneva: IARC. Available at IARC: (https://www.iarc.who.int/). Last accessed: 01.10.2021.

USA Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological profile for Arsenic. Atlanta
GA: ATSDR, 2007.

ILO Encyclopaedia of occupational health and safety, 4th edition; available at: www.iloencyclopaedia.org.
Last accessed: November 2017.

Baselt R (2008) Disposition of Toxic Drugs and Chemicals in Man, 8th edition, Biomedical Publications,
Foster City, CA, pp. 106-110.

ToxFAQs for Arsenic. Agency for Toxic Substances and Disease Registry. 2007. Available at: https://www.
atsdr.cdc.gov/toxfaqgs/tf.asp?id=19&tid=3. Last accessed: November 2021.

Nicolis I, Curis E, Deschamps P, Bénazeth S (2009). “Arsenite medicinal use, metabolism, pharmacokinetics
and monitoring in human hair”. Biochimie 91(10):1260-7. doi: 10.1016 /j.biochi.2009.06.003 PMID 19527769.

CRC Handbook of Chemistry and Physics, 84th ed.; CRC Press: Boca Raton, FL., 2003.

Lung Disease. Occupational exposures and pulmonary disease.

Harrison’s Principles of Internal Medicine. 18th Edition. Chapter 384. Peripheral Neuropathy. Other Toxic
Neuropathies. Arsenic.

Byrns M C. and Penning T M. Chapter 67. Environmental Toxicology: Carcinogens and Heavy Metals.
Metals. Arsenic in Goodman & Gilman'’s The Pharmacological Basis of Therapeutics, 12th Edition, McGraw-
Hill, 2010.

European Commission: Information notices on occupational diseases: a guide to diagnosis (2009). Office
for official publication for the European communities, Luxemburg. AnnexI101. Arsenic or compounds
thereof. P 17.

Malcom R Sim. Arsenic. Chapter 15, in Hunter’s Diseases of Occupations. Editors Baxter P}, Aw T-C,
Cockcroft A, Durrington P, Harrington JM. Tenth Edition, London: Hodder Arnold, 2010, P 160- 161.

Benoit Nemery. Metal dusts and fumes. Chapter 82, in Hunter’s Diseases of Occupations. Editors Baxter
PJ, Aw T-C, Cockcroft A, Durrington P, Harrington JM. Tenth Edition, London: Hodder Arnold, 2010, P 1042-
1043.

Manolis Kogevinas, ] Malcom Harrington and Roel Vermeulen. Occupational cancer: epidemiology,
biological mechanisms and biomarkers. Chapter 85, in Hunter’s Diseases of Occupations. Editors Baxter
PJ, Aw T-C, Cockcroft A, Durrington P, Harrington JM. Tenth Edition, London: Hodder Arnold, 2010, P 1081,
1083, 1086, 1088-,1093.

Rema Saxena, Pearl Pai and Gordon Mbell. Nephrotoxic effects of workplace exposures. Chapter 86, in
Hunter's Diseases of Occupations. Editors Baxter PJ, Aw T-C, Cockcroft A, Durrington P, Harrington JM.
Tenth Edition, London: Hodder Arnold, 2010, P 1137.

Michael ] Aminoff and Marcello Lotti. Neurotoxic effects of workplace exposures. Chapter 87, in Hunter's
Diseases of Occupations. Editors Baxter PJ, Aw T-C, Cockcroft A, Durrington P, Harrington JM. Tenth Edition,
London: Hodder Arnold, 2010, P 1157.

Thomas W Warnes and Alexander Smith. Hepatotoxic effects of workplace exposure. Chapter 88, in
Hunter's Diseases of Occupations. Editors Baxter PJ, Aw T-C, Cockcroft A, Durrington P, Harrington JM.
Tenth Edition, London: Hodder Arnold, 2010, P 1172, 1184- 1185.

American Conference of Governmental Industrial Hygienist (ACGIH). TLVs and BEIs. Cincinnati: ACGIH,
2021.

Seng CH. Blackfoot Disease and Arsenic: A Never-Ending Story. Journal of Environmental Science and
Health, Part C: Environmental Carcinogenesis and Ecotoxicology Reviews. 2005, 23:55-74.

53


http://www.inchem.org/documents/ehc/ehc/ehc018.htm
https://inchem.org/documents/ehc/ehc/ehc224.htm
https://inchem.org/documents/ehc/ehc/ehc224.htm
https://www.iarc.who.int/
www.iloencyclopaedia.org
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=19&tid=3
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=19&tid=3

54

» Diagnostic and exposure criteria for occupational diseases

For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Arsenic Grey arsenic 0013

Arsenic trichloride Arsenic (III) chloride; Arsenous chloride 0221

Arsine Arsenic trihydride; Hydrogen arsenide; Arsenic hydride 0222

Disodium arsenate Arsenic acid, disodium salt, heptahydrate; Sodium arsenate heptahydrate; 0326

heptahydrate Sodium arsenate, dibasic, heptahydrate

Arsenic pentoxide Arsenic (V) oxide; Arsenic acid anhydride; Arsenic anhydride 0377

Arsenic trioxide Arsenic (III) oxide; Arsenous oxide anhydride; White arsenic; Arsenous acid 0378
anhydride

Copper (II) Arsenic acid, copper salt; Copper arsenate 0648

orthoarsenate

Calcium arsenate Tricalcium arsenate; Calcium ortho-arsenate; Arsenic acid, calcium salt 0765

Lead arsenate Arsenic acid, lead salt; Acid lead arsenate; Dibasic lead arsenate 0911

Diammonium hydrogen = Arsenic acid, diammonium salt; Ammonium arsenate 1207

arsenate

Sodium arsenate dibasic = Arsenic acid disodium salt; Disodium arsenate; Disodium hydrogen arsenate 1208

Magnesium arsenate Arsenic acid, magnesium salt; Magnesium o-arsenate 1209

Potassium arsenate Potassium dihydrogen arsenate; Potassium arsenate, monobasic; Potassium | 1210
acid arsenate

Copper (II) arsenite Copper orthoarsenite; Acid copper arsenite; Arsenious acid, copper (II) salt; = 1211
Cupric arsenite

Lead (II) arsenite Lead arsenite; Lead metaarsenite 1212

Potassium arsenite Potassium metaarsenite; Arsenious acid, potassium salt; Potassium 1213
arsonate

Iron (III)-o-arsenite, Ferric arsenite 1241

pentahydrate

Chlorodiphenylarsine Diphenyl arsinous chloride; Diphenyl chloroarsine 1526

Sodium arsenite Arsenious acid, sodium salt; Sodium meta-arsenite; Sodium dioxoarsenate 1603

Arsenic acid (80% in Arsenic acid hemihydrate; ortho-Arsenic acid solution 1625

water)



https://www.ilo.org/dyn/icsc/showcard.listCards3?p_lang=en

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

» 1. Occupational diseases caused by exposure to agents arising from work activities

ILO Disease name ICD-10 ICD-11
1.1.6 = Acute/chronic diseases caused by arsenic and its compounds T57.0 NE61 & XM2KQ2
1.1.6  Irritation of mucous and respiratory membranes 168 CA81.Z
1.1.6 = Chemical bronchitis and pneumonitis ]68.0 CA81.0
1.1.6 ~ Chemical pulmonary oedema 168.1 CA81.1
1.1.6 = Upper respiratory inflammation 168.2 CA81.2
1.1.6 | Acute toxic encephalopathy G92 8D43.0Y
1.1.6 = Nasal septum ulceration J34.0 CAOKY
1.1.6 =~ Palmar and plantar hyperkeratosis L85.1 ED55.0
1.1.6 = Skin hyperpigmentation or depigmentation L81.8 ED6Y
1.1.6 | Arsenical keratosis (warts) L85.8 EK90.Y
1.1.6 = Sensorimotor polyneuropathy G62.2 8C01Y
1.1.6 = Vasospasm/Raynaud's syndrome 173.0 BD42.1
1.1.6 | Liver impairment K71.9 DB97.Y
1.1.6 = Haematological alterations D61.2 3A70.11
1.1.6 | Lung cancer C34 2C25.Z
1.1.6 = Skin cancer Cc44 2C3z
1.1.6 | Bladder cancer C67 2C9%4.7
Occupational exposure to risk factors 757 QD84yY
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1.1.7 Diseases caused by mercury or its compounds ICD Code T56.1 +Z57

General Mercury (Hg), CAS number 7439-97-6, is the chemical element with atomic number 80 in
characteristics the periodic table of elements and is classified in Group 17 (II-B; Transition metals). Mer-
of the causal cury is poly-isotopic with natural isotopes between 9%Hg and 204Hg (the most abundant,
agent at 30%, is 202Hg), and its mean atomic mass is 200.56 Da. Under ambient temperature

and pressure conditions, mercury is the only metallic element in liquid form with a high
specific gravity (13.59 at 20°C); in addition, it vaporises slowly even at ambient temperature
and boils at 356.73°C. Liquid mercury is silver-grey, shiny and mobile, has a high surface
tension (which leads to the formation of tiny droplets) and a high expansion coefficient
with temperature. In the elemental state, mercury is sparingly soluble in water and oily sol-
vents, and forms inter-metallic alloys (amalgams) with other pure elements, among which
several are of technological importance. Mercury has a positive electrochemical reduction
potential in water and features oxidation numbersI (only as Hg,2*) and I, which is stable in
aqueous solution over the entire range of acidity. Mercury (II) has a specific strong chemi-
cal affinity with sulphur, selenium and tellurium (chalcogen), a property that has important
biological and environmental consequences.

Mercury occurs in the natural environment in the form of the free liquid metal in cinnabar
sands, although it also occurs as inorganic salts and as organic compounds of biogenic
origin.

The main industrial source of mercury is cinnabar ore (HgS), which is localized in exploitable
quantity and concentration only in some regions, e.g. Spain, central Italy, some areas of
China and of Andean South America. Recycled mercury is recovered from heating scrapped
mercury-containing products and wastes.

Inorganic compounds of mercury of practical relevance are mainly those of mercury (II)
and include oxide, sulphate and nitrate. Of the two chlorides, that of mercury (I) (Hg,Cl,) is
also known as calomel, is poorly soluble in water and historically was used as a bactericidal
and purgative. Mercury (II) chloride (HgCl,) is an easily sublimating white solid (corrosive
sublimate) with a high solubility in water, where it forms very stable tetrahedral coordi-
nation complexes with chloride (e.g. HgCl,2-, which is one of the main chemical forms of
mercury in extracellular biological fluids).

Some organic compounds of mercury are found in the natural environment and are
important in the bio-geochemical cycling of the element: these are the volatile di-methyl
mercury, which is produced by some micro-organisms, and the water and lipid-soluble
mono-methyl mercury, which is an important mercury species for its toxicological role.
Biotransformation of inorganic mercury compounds to methyl mercury when in contact
with water and soil explains why high concentrations of organic mercury can be found in
fish and other sea organisms. Aryl-mercury compounds, such as phenyl-mercury, are of
human synthetic origin.

Occupational Prehistoric man used mercury compounds as evidenced by the cinnabar red pigments
exposures present in cave paintings and in burials. Since ancient historical times, mercury has been
extensively employed in the extraction of metallic gold from low-grade ores, in the pro-
cess of amalgamation. The extensive use of this highly polluting technology in Andean
South America, starting in the 16th century, has caused extensive pollution. An even larger
release of mercury into the atmosphere started in the 19th century, with the use of mined
coal, not only for combustion but increasingly as a starting material in the chemical indus-
try. This is still the largest individual source of environmental mercury. Due to the health
hazards presented by mercury, in recent years, many countries have banned the industrial
and consumer uses of mercury, and the Minamata international convention was signed in
2013 to this effect.

Historical industrial uses of mercury were in the felt-hat industry and in the treatment of
animal furs. Organo-mercurials were previously used as fungicides, algicides, insecticides,
antibacterial and disinfectant drugs. Mercury amalgams are still widely used in dentistry,
although composite resins have superseded them in several countries. Occupational expo-
sure to elemental mercury is still possible in the chemical industry, especially with old or
outdated production methods. It is employed in the production of sodium hydroxide using
the chloralkali (amalgam) process, as a catalyst in the production of vinyl acetate from acet-
ylene, and in small amounts as a laboratory reagent. Other uses which are steadily decreas-
ing are the residual manufacture, maintenance, repair and disposal of medical instruments
(e.g. sphygmomanometers and thermometers), fluorescent lamps, and electric batteries
for small devices. The artisan mining industry still uses mercury to amalgamate gold and
silver in their extraction from very low-grade ores: this activity entails the exposure of infor-
mal workers and of their communities to health-threatening levels of mercury.

Toxicological profile, main health effects and diagnostic criteria
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Short Elemental mercury is rapidly absorbed by inhalation, moderately absorbed through the
toxicological skin. There is no significant absorption via the gastrointestinal tract. From the blood, it
profile rapidly distributes to the central nervous system (grey matter especially) and other organs,

such as kidneys, liver, intestinal mucosa, myocardium, skin, and respiratory system, all rep-
resenting the main targets of mercury deposition.

Inorganic mercury compounds vary in their absorption characteristics. They tend to be
absorbed less rapidly through inhalation, probably because they usually occur in the form
of dust particles that deposit in the higher respiratory tract and are eliminated through
mucociliary clearance. Some are absorbed rapidly via the gastrointestinal tract and skin,
depending on their specific chemical characteristics. Since inorganic compounds are less
liposoluble, they mainly distribute in plasma, deposit in the kidneys and the liver, and are
less likely to pass the blood-brain barrier.

Alkyl (i.e., organic) mercury compounds pass through the blood-brain barrier and the pla-
centa very rapidly. Methyl mercury is one of the most hazardous of the alkyl compounds
because of its prolonged elimination (the half-life is 40 to 105 days), and because other
forms of mercury in the environment are bio-transformed to methyl mercury. Methyl mer-
cury in the blood is found mainly in red blood cells. From the blood, it distributes to the
central nervous system, kidneys and liver, reaching a blood-tissue steady-state in about
four days.

Elemental mercury and its organic compounds are excreted mainly in urine and faeces,
with small amounts in exhaled air, sweat and saliva. Organic compounds are mainly
excreted through the bile, and 90% is eliminated with the faeces.

Name of the diseases and ICD code: Acute diseases caused by mercury or its compounds
(Specific disease code) +T56.1 + Z57

Acute conjunctivitis (H10.2), Burn of mouth and pharynx (T28), Irritant contact dermatitis (L24), Allergic
contact dermatitis (L23), Acrodynia (T56.1), Upper respiratory inflammation (J68.2), Acute chemical bron-
chitis and pneumonitis (J68.0), Acute chemical bronchiolitis (J68.4), Chemical pulmonary oedema (J68.1),
Acute gastrointestinal toxicity (K52.1), Acute toxic nephropathy (N14.3), Acute toxic encephalopathy (G92)

Short description of the disease

Exposure to mercury via inhalation, skin contact, or ingestion may lead to respiratory damage, renal dysfunction,
involvement of the eyes, skin and mucosae, nervous system and gastrointestinal tract effects. Many inorganic
and aryl compounds, including bichloride, nitrate, phenyl and butyl salts, are corrosive when swallowed. The
compounds high solubility in acidic chloride-containing gastric juice show the highest levels of toxicity. However,
inhalation rather than ingestion represents the most common route of exposure in occupational settings.

Diagnostic criteria

Clinical manifestations

+ Inhalation of high mercury vapour concentrations for relatively short periods can cause weakness, chills,
bronchitis, bronchiolitis, pneumonitis, chest pain, dyspnoea, cough, and general malaise: basal, late-
inspiratory crackles on physical examination and patchy shadowing on chest radiograph may be present, in
the most severe cases, pulmonary oedema, respiratory failure, and eventually death can occur.

+ Effects following the direct contact of metal vapours with the skin or the ocular and gastrointestinal mucosae
include irritant contact dermatitis, conjunctivitis, stomatitis, gingivitis, sialorrhoea, metallic taste, nausea,
vomiting, abdominal pain, and diarrhoea.

+ Soluble and insoluble inorganic and organic mercury compounds are absorbed through the skin, and aller-
gic contact dermatitis may develop as a consequence of exposure to elemental mercury and its divalent
inorganic compounds. For further details on clinical features of allergic and irritant contact dermatoses,
refer to items 2.2.1 and 2.2.2, respectively.

+ Aparticular form of mercury-related skin disease can develop, called acrodynia, also known as “pink disease”
being characterized by erythema of the palms and soles with oedema of the hands and feet. This may be an
idiosyncratic hypersensitivity response.

+ Inorganic mercury has been associated with an immunologically mediated, rapidly presenting glomerulone-
phritis or nephrotic syndrome. Acute exposure to elemental mercury and inorganic compounds can cause
transient proteinuria and oliguria, renal tubular dysfunction, whilst acute papillary necrosis and renal failure
can also occur. Since occupational mercury exposure leads to a small reversible increase in urinary enzymes
(such as urinary N-acetylglucosaminidase and gamma glutamyl-transpeptidase), these indicators are used
in epidemiological studies as markers of exposure that might lead to toxicity.
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+ Inhalation of elemental mercury vapours can cause acute intoxication in the central nervous system which
manifests as headache, tremor, myoclonus and fasciculations, hallucinations, irritability, hyperactivity, emo-
tional frailty, violent behaviour and suicidal tendency. Symptoms of methyl mercury intoxication include
visual disturbances, ataxia, paraesthesia, fatigue, hearing loss, slurring of speech, cognitive deficits, muscle
tremor, movement disorders, paralysis, shock, oedema and death following severe exposure.

+ Increases in blood pressure and heart rate have been reported.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high levels of mercury (or related
compounds) vapours and, when available, workplace air monitoring and measurements of mercury and its
compounds in blood and urine (assessment of blood mercury levels should be preferred when investigating
acute exposures).

* Minimum duration of exposure: a single contact may be sufficient to cause disorders of the skin and ocular
mucosae; few seconds for respiratory and gastrointestinal outcomes; a few hours for renal and nervous
system disorders.

+ Maximum latent period: 48 hours for skin, ocular, gastrointestinal and respiratory outcomes; seven days for
renal and nervous system disorders.

Name of the diseases and ICD code: Chronic diseases caused by mercury or its compounds
(Specific disease code) +T56.1 +Z57

Chronic gastrointestinal toxicity (K52.1), Mercury pigmentation (L81.8), Chronic gingivitis (K05.1), Distur-
bances of taste and smell (R43.8), Chronic toxic encephalopathy (G92), Toxic polyneuropathy (G62.2), Chronic
toxic nephropathy (N14.3), Chronic progressive renal failure (N14.3), Chronic kidney dysfunction (N18.9)

Short description of the disease

Sub-acute or chronic exposure to mercury or its compounds can cause a plethora of clinically manifest disorders
whose manifestations are reported below. Recall that:

+ the main targets of elemental mercury vapours are the kidneys and the nervous system,
+ inorganic mercury compounds mostly affect the gastrointestinal tract and the kidneys,
+ alkylmercury (di-methyl mercury) mainly causes nervous system toxicity.

Note also that maternal exposure to alkyl, especially methyl, mercury compounds, in particular during the first
trimester of pregnancy, may cause adverse effects on the unborn child (such as cognitive deficits and motor retar-
dation), also at doses below those able to cause maternal toxicity.

Diagnostic criteria

Clinical manifestations of disorders involving the nasal and oral cavities and the gastrointestinal tract

The earliest findings are usually non-purulent gingivitis, sialorrhoea and an unpleasant, metallic taste. A dark
mercurial (bluish) line on the dental margin of the gums, similar to that seen in lead workers, and a slate-grey or
reddish, punctate pigmentation of the buccal mucosa, the vestibular side of the gums (usually those of the lower
jaw), the palate, and even the inside of the cheeks have been occasionally observed. Recurrent gingivitis (affecting
in particular subjects with poor oral hygiene) may cause loosening or loss of teeth, alveolar destruction, and diges-
tive disturbances, accompanied by anorexia and weight loss. The nose can be affected with irritation, epistaxis, and
olfactory disturbances.
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Clinical manifestations of disorders involving the central and peripheral nervous systems

+ Signs and symptoms:

- Tremor is the first neurological indication of chronic mercury poisoning. It affects eyelids, face, fingers and
hands, accompanied by mild motor retardation (mercurial micro-parkinsonism). The tremor may impair
the worker’s ability to carry out fine and complex movements (such as handwriting), and in the most
severe cases, it can be postural. When methyl mercury is involved (or alkyl-mercury), cerebellar ataxia
and dysarthria predominate, sometimes with constriction of the visual fields due to damage to the visual
cortex. Other symptoms of methyl mercury exposure include paraesthesia, fatigue, hearing loss, slurring
of speech, cognitive deficits, muscle tremor, movement disorders, up to paralysis and death, in case of
severe exposures.

- Neuropsychiatric manifestations can occur. Mercurial erethism is characterized by emotional frailty, exces-
sive timidity, morbid irritability, mental hyperactivity and outbursts of temper, anxiety, and depression. In
milder cases, erethism and tremors slowly regress after removal from exposure.

- The affected subjects show cognitive dysfunctions, including difficulty with concentration, somnolence,
depression, memory deficits, and reduced psychomotor speed and precision.

- When organic mercury is involved, the predominant dysfunctions affect the peripheral nervous system
and include sensory loss, paraesthesiae of the extremities and around the mouth. Binocular vision dys-
function and blindness have been observed. In fatal cases, axonal degeneration of the dorsal and ventral
roots of the spinal cord can be observed.

- All the above can parallel more generic symptoms, such as insomnia, fatigue and headache, that may
intensify and become irreversible with increasing duration and level of exposure.

* Examinations:

- Symptoms of central nervous system dysfunction often overshadow the neuropathy. Clinical and electro-
physiological evaluations show features of axonal sensorimotor polyneuropathy.

- When organic mercury is involved, magnetic resonance imaging (MRI) can reveal atrophic changes in the
occipital lobe, cerebellum and post-Rolandic region in the cerebrum. Axonal degeneration and degener-
ation of dorsal root ganglia the primary site of neuromuscular pathology, calcarine, and cerebellar cortex
are also seen.

- Electroneuromyography shows decreased sensory and motor velocities. In some cases, very mild and
early changes have been reported in asymptomatic subjects.

Clinical manifestations of disorders involving the kidneys

Mercury can cause increased excretion of proteins and enzymes, indicative of subclinical toxicity and reversible
proteinuria is the first sign of adverse renal effects due to mercury. Inorganic mercury is particularly toxic to the
glomerulus. The main sign of nephrotoxicity is albuminuria. Membranous nephropathy and minimal change
nephropathy may be observed; renal disease mediated by anti-glomerular basement membrane anti-body may
develop. In the most severe cases, a nephrotic syndrome may occur. Mercury poisoning may cause renal tubular
damage. An early sign of tubular effects is increased urinary excretion of enzymes, such as N-acetylglucosamini-
dase (NAG) and gamma-glutamyltransferase (GGT).

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to high levels
of mercury (and related compounds) vapours and, when available, workplace air monitoring and measure-
ments of mercury and its compounds in blood and urine (assessment of mercury levels in the urine should
be preferred when investigating stable chronic exposures).

* Minimum duration of exposure: a few months.

+ Maximum latent period: one year for disorders involving the oral cavities, four years for disorders involving
the peripheral nervous system, not applicable for disorders involving the central nervous system or the
kidneys.
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Key actions for Mercury poisoning can be prevented by reducing or eliminating exposure to mercury and
prevention its compounds. Discontinuation of occupational exposure is the most effective measure
to prevent further health damage. On October 10, 2013, the “Minamata Convention for
Mercury” was signed to protect human health and the environment from anthropogenic
emissions and releases of mercury and mercury compounds. The Convention includes a
ban on new mercury mines, the phasing-out of existing ones, control measures for air
emissions, and the international regulation of the informal sector for artisanal and small-
scale gold mining. The extraction and use of mercury have been already prohibited in
many countries, and its use in devices such as medical thermometers and blood pressure
measuring devices has been discontinued.

In exceptional cases, where it is impossible to find alternatives, such as in laboratory
analyses of mercury, it might become necessary (based on risk assessment) to provide
closed-cycle equipment with full-time environmental control and warning systems. In
industry, mercury should be handled in hermetically sealed systems, and extremely strict
hygiene rules should be applied at the workplace. When mercury is spilled, it very easily
infiltrates crevices, gaps in floors and workbenches. Due to its vapour pressure, a high
atmospheric concentration may occur even following seemingly negligible contamination.
It is therefore important to avoid the slightest soiling of work surfaces; these should be
smooth, non-absorbent and slightly tilted towards a collector or, failing this, have a metal
grill over a gutter filled with water to collect any drops of spilt mercury which fall through
the grill. Working surfaces should be cleaned regularly, and, in the event of accidental con-
tamination, any drops of mercury collected in a water trap should be drawn off as rapidly
as possible. Where there is a danger of mercury volatilizing, local exhaust ventilation sys-
tems should be installed.

Work arrangements should be planned in such a way as to minimize the number of per-
sons exposed to mercury. Most exposure to organic mercury compounds involves mixed
exposure to mercury vapour and the organic compound, as the organic mercury com-
pounds decompose and release mercury vapour. Contamination of clothes and parts of
the body should be avoided, as these may be dangerous sources of mercury vapour close
to the breathing zone. Special protective work clothes should be used and changed after
the work shift.

Individuals planning to have children should keep their exposure to mercury as low as
possible by using engineering controls, personal protective equipment for the skin and
respiratory tract and good personal hygiene. Pregnant workers should avoid any exposure
to the metal. Workers exposed to mercury should be cautious when breast-feeding, since
breast-milk may contain significant amounts of inorganic as well organic mercury.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations (estimated as 8hr TWA) have been observed to provide a reason-
able level of protection for workers' health and have been used in a number of countries:

+ 0.1 mg/m?3 for aryl mercury compounds.
+ 0.025 mg/m? for elemental and inorganic mercury.
+ 0.01 mg/m?3 for organometallic alkyl mercury compounds.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC
Mercury Quicksilver; Liquid silver 0056
Phenyl mercuric acetate Phenylmercury (II) acetate; Phenylmercury acetate; 0540
Acetoxyphenylmercury; PMA
Mercuriphenyl nitrate Mercuriphenyl nitrate; Merphenyl nitrate; Mercury, Nitratophenyl | 0541
Mercuric acetate Acetic acid, mercury (2+) salt; Mercury di(acetate) 0978
Mercuric chloride Mercury dichloride; Mercury (II) chloride 0979
Mercuric nitrate Mercury (II) nitrate; Mercury dinitrate 0980
Mercuric oxide Mercury (II) oxide 0981
Mercuric sulfate Mercury (II) sulphate; Mercuric bisulfate 0982
Mercurous chloride Dimercury dichloride; Calomel 0984

Dimethyl mercury Mercury, dimethyl 1304
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P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.7 | Acute/chronic diseases caused by mercury or its compounds T56.1 NE61 & XM1FG4
1.1.7 = Gastrointestinal toxicity K52.1 1A40.0
1.1.7 = Toxic nephropathy N14.3 GB55.1
1.1.7 = Toxic encephalopathy G92 8D43.0Z
1.1.7 = Upper respiratory inflammation 168.2 CA81.2
1.1.7  Acute chemical bronchitis and pneumonitis 168.0 CA81.0
1.1.7 = Acute chemical bronchiolitis 168.4 CA81Y
1.1.7 = Chemical pulmonary oedema 168.1 CA81.1
1.1.7 = Irritant contact dermatitis L24 EK02
1.1.7 | Acute conjunctivitis H10.2 9A60.Z
1.1.7 = Allergic contact dermatitis L23 EKOO
1.1.7 = Acrodynia T56.1 NE61
1.1.7 = Mercury pigmentation L81.8 ED6Y
1.1.7 = Chronic gingivitis KO05.1 DAOB.Y
1.1.7 = Disturbances of taste and smell R43.8 MB41.Z
1.1.7 = Toxic polyneuropathy G62.2 8D43.2Y
1.1.7  Chronic progressive renal failure N14.3 GB61.Z
1.1.7 = Chronic kidney dysfunction N18.9 GB61.Z
Exposure to occupational risk factors 757 QD84Y
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General Lead (Pb, Plumbum), CAS number 7439-92-1, is a metal with the atomic number 82 in the
characteristics periodic table of elements, and is sited in Group VII (7-B; Transition metals). It has two
of the causal oxidation numbers (II and IV). Lead is the stable terminal nuclide of the radioactive decay
agent of the naturally occurring actinide elements thorium and uranium. Lead is poly-isotopic,

the isotopic composition changes with the source of lead minerals, and their measurement
can be employed to trace the mineral source. 206Pb, 207Pb and 208Pb are the most abundant
isotopes in the proportion 1:1:2 (approximately). The mean atomic mass of lead is 207.2 Da.
It has a high density (10.66 g/cm3), but is malleable. It has a low melting point (327.4°C),
and is appreciably volatile at temperatures greater than 500°C. The metal is silvery-grey in
colour with a dull-bluish shine.

Lead II is stable in water solutions, while lead IV is a mild oxidizer. Lead is resistant to
corrosion by some acids (such as carbon dioxide and sulphuric acid), due to the forma-
tion of protective insoluble oxide and salt layers. Nonetheless, its negative oxido-reductive
potential in water makes it react with strong inorganic acids (e.g. hydrochloric and nitric),
with some organic acids (especially acetic acid), and with oxidants.

Elemental metallic lead is not found in nature, and lead minerals consist of a variety of
inorganic and organic compounds, the latter combined primarily with carbon and hydro-
gen. Industrially exploitable lead ores include galena (lead sulphide), which is the richest
primary commercial source of lead), cerussite (carbonate), anglesite (sulphate), corcoite
(chromate), wulfenite (molybdate), pyromorphite (phosphate), mutlockite (chloride) and
vanadinite (vanadate).

Lead has been employed in technology since prehistoric times. Inorganic compounds
of industrial importance include acetate, carbonate, chloride and nitrate salts (which are
readily soluble in water); chromates and stearates (moderately soluble), and sulphide and
oxides (poorly soluble). Lead oxide is still widely used as an anti-corrosive primer paint for
iron structures, since iron oxides and elemental iron combine with lead (II, IV) oxide to yield
insoluble iron (II) and iron (III) plumbates. Organic compounds include tetraethyl lead (TEL)
and tetramethyl lead (TML). These are water-insoluble liquids that very easily dissolve in
organic solvents and therefore in biological fats and lipids. In some countries, TEL is still
used as anti-knock additive in gasoline.

Occupational Occupational exposure can occur in all phases of the metal's life cycle: mining, refining,
exposures production and use of metallic lead, alloys (e.g. with antimony and copper) and of lead
compounds, followed by recycling and disposal of lead material and products. In primary
production of lead, exposure occurs in lead mining, smelting and refining, and the chem-
ical industry. Workers are exposed in secondary use in the chemical industry, the plastics
industry, the rubber industry, shipbuilding, and the construction industry including instal-
lation and maintenance of structures painted with lead, lead pipes and plumbing fittings
and lead linings in tanks.

Lead is employed in manufacturing electric accumulators (batteries), small-calibre ord-
nance for civil, security and military purposes, high-refractive leaded or stained glass
and crystals, fillers especially for PVC plastic items, pigments, ceramics and pottery, and
gasoline additives. Foundry workers can experience high exposures, scrap metals smelted
to produce steel typically contain lead paint or fittings. Other occupations at risk of expo-
sure include plumbers, pipe fitters, welders, industrial soldering of lead products and
of non-ferrous metals (e.g. copper electric wires), pottery workers, radiation protection,
radiator repair, firing-range instructors, gasoline-station attendants, printers, jewellers,
and even the wholesale trade. Demolition workers may handle lead fittings, and can expe-
rience particularly exposures when flame cutting metal structures coated in lead paint.
Exposure occurs during solid-waste transportation and disposal, and land-remediation.

Exposure at health-threatening levels often occurs in small-scale, informal, or recreational
activities. For example in scrap lead foundries, on-site repair soldering (e.g. of radiators and
pipes), grinding, welding and cutting of materials painted with lead-containing paints and
enamels, soldering of jewellery, casting works of art, enamelling, manufacture of highly
refractive glass (e.g. Bohemia crystal), and pottery.

Toxicological profile, main health effects and diagnostic criteria

Short Inorganic lead is absorbed mainly by inhalation of airborne fumes, and by ingestion of
toxicological dusts. In particular, red’ lead oxide Pb3;0, (red minium), which is soluble in gastric juice.
profile Absorbed inorganic lead is distributed throughout the body, with most carried bound to

thiol-rich proteins (e.g. serum albumin, thiol amino acids and peptides), and with organic
oxy-acids.
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Short Due to its strong binding to red blood cells, the half-life of the circulating metal is approx-
toxicological imately 30 days. Skeletal bones account for the long-term storage of most absorbed
profile inorganic lead (because of lead ion's similarity to calcium), where its elimination half-life

is approximately 30 years. From the bones, inorganic lead can be released back into the
circulation and the soft tissues: this occurs when bones face extensive remodelling, e.g.
during pregnancy, breast-feeding, old age and in calcium homeostasis imbalances caused
by chronic kidney disease. The way in which inorganic lead is absorbed, distributed, stored
and excreted in the body (i.e., the toxicokinetics) has important implications for exposure
assessment and prevention of toxicity (see below).

Lead toxicity affects multiple organs: the nervous, gastrointestinal, renal, haematopoietic,
cardiovascular, endocrine and reproductive systems. High occupational exposures typically
cause anaemia, central nervous system effects, peripheral neuropathy, chronic kidney dis-
ease leading to secondary hypertension and cardio-vascular disease.

The molecular basis of its biological effects include interference with calcium signalling
and haeme biosynthesis, as well as the generation of oxidative stress. Lead binds to the
active catalytic site and to the regulatory sites of key enzymes of the haeme biosynthetic
pathway, the most sensitive being amino-levulinic acid dehydratase (ALAD). Some enzyme
iso-forms are more sensitive than others to inhibition by lead, and subjects carrying the
gene polymorphism allele ALAD2 are more prone to lead toxicity. Dose-response relation-
ships between lead exposure and haeme biosynthesis have been measured in vivo in lead-
exposed workers: and on this basis, biological exposure indices and threshold limit values
may be derived.

Exposure to organic lead mostly occurs by inhalation and dermal exposure to ‘leaded’
gasoline, but is declining with the decreasing use of this fuel. Absorbed organic lead
compounds are very soluble in body lipids. They readily cross the blood-brain barrier and
accumulate in the brain and other lipid-rich tissues such as bone-marrow. In neurons the
neutral alkyl-lead compounds are partially de-alkylated to more water-soluble forms and
the clearance of the metal from the nervous system is very slow. Organic lead compounds
such as tetramethyl lead (TML) and tetraethyl lead (TEL) predominantly cause nervous sys-
tem toxicity, as well as irritation of skin and mucous membranes.

Name of the diseases and ICD code: Diseases caused by inorganic lead (Specific disease code) +T56.0 +Z57

Mucous membrane irritation (J68), Chemical bronchitis and pneumonitis (J68.0), Burn of mouth, pharynx
and oesophagus (T28.0-T28.1, T28.5-T28.6), Burn of eye and adnexa (T26.0-T26.1, T26.5-T26.6), Upper
respiratory tract inflammation (J68.2), Burn and corrosion of respiratory tract (T27), Chemical pulmonary
oedema (J68.1), Reactive airways dysfunction syndrome (RADS) (J68.3), Irritant-induced occupational
asthma (J68.3), Gastrointestinal toxicity (K52.1), Hypertension (I15.8), Acute lead nephropathy (N14.3),
Chronic lead nephropathy (N14.3), Fanconi-like syndrome (E72.0), Acute and chronic toxic encephalopathy
(G92), Cerebral oedema (G93.6), Ulnar nerve palsy (G56.2), Infertility male (N46) Infertility female (N97.0)

Short description of the disease

Inorganic lead usually causes occupational toxicity following inhalation of dust/fume, and to a lesser extent follow-
ing ingestion and gastrointestinal absorption. Airborne exposure causes irritation and inflammation of the eyes.
Inhalation causes irritation and inflammation of the airways with cough, bronchitis, pneumonitis, and impaired
respiratory function. Acute inorganic lead toxicity affects the gastrointestinal, hematopoietic, nervous, cardio-
vascular systems and the kidneys. It usually occurs in the hours or days after very high exposure. Recall that,
after absorption, the metal is stored in body tissues, particularly in bones where is toxicologically silent unless it is
released. Therefore, acute toxicity can occur after release of lead from bone storage into the circulatory system,
e.g. in conditions causing a massive release of mineral substance from the bone, such as pregnancy, and meta-
bolic conditions leading to bone demineralization. Additionally lead chelating therapy carried out at excessively
high doses. With regard to reproductive toxicity, past high levels of chronic lead exposure have been associated
with adverse pregnancy outcomes. Testicular effects, such as reduced sperm counts and motility, may result from
chronic exposure to lead. However, the literature is not entirely consistent.

Diagnostic criteria
Clinical manifestations

* General symptoms and signs

Lead toxicity is often insidious at onset, and difficult to detect without pathology investigations. Pallor
(caused by vasoconstriction), malaise and unexplained sense of fatigue, headache, dizziness, loss of mem-
ory, anxiety, depression, irritability, sleep disturbances, mildly progressive cognitive impairment, generalized
weakness, muscle and joint pain. A blue or Burtonian line may be present in the dental margin of the gums,
it is caused by bacterial deposition of lead sulphide, and is usually associated with poor dental hygiene.
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Haematopoietic system

Lead inhibits §-aminolevulinic acid dehydratase (ALAD), coproporphyrinogen oxidase, and ferrochelatase,
and thus impairs haeme biosynthesis. The result is a mild microcytic or normochromic anaemia, and (non-im-
mune) haemolytic anaemia. The latter may be normocytic or slightly macrocytic, depending on the degree of
reticulocytosis. The activity of the rate-limiting enzyme of the pathway, §-aminolevulinic synthetase (ALAS),
which is feedback inhibited by haeme, is increased. The consequences of these changes in enzymatic activity
are increased urinary coproporphyrin, and &-aminolevulinic acid (ALA). In the blood, increased blood and
plasma ALA, and abnormally high blood levels of free erythrocyte protoporphyrin. A measurable parameter
of the latter is zinc protoporphyrin (ZPP). The lag period for the increase of blood ALA is only 2 weeks from
beginning of exposure.

Gastrointestinal system

Abdominal symptoms are a well-known and consistent early symptom of acute lead poisoning. They are
caused by autonomic dysfunction of intestinal motility. Symptoms include abdominal pain and cramps
(colic), constipation, nausea, vomiting, anorexia, and weight loss.

Nervous system

In acute poisoning, typical neurological symptoms are pain, muscle weakness, paraesthesia, and, rarely,
symptoms associated with encephalitis. Severe lead poisoning typically causes progressive ulnar nerve paral-
ysis with symptoms of tingling and burning and loss of sensation in the fingers, manual pain and weakness.
Atypical sign is “wrist drop” and loss of extension of the fingers caused by weakness of the extensor muscles
of the forearm. Severe poisoning increases capillary endothelium permeability in the central nervous sys-
tem, with perivascular haemorrhagic exudates and cerebral oedema. Symptoms include disorientation, and
confusion. Signs include impaired consciousness which may progress to stupor and even coma. There may
be repeated seizures, hemiparesis and a positive unilateral Babinski sign. Chronic neurological effects can be
documented by a decrease of cognitive performance.

Urinary system

Inorganic lead exposure sometimes causes acute kidney toxicity probably from accumulation of lead-protein
complex in proximal tubular cells. This results in Fanconi syndrome with proximal tubular nephropathy, ami-
noaciduria, glycosuria and loss of phosphate.

Chronic lead toxicity causes glomerular sclerosis, progressive tubular atrophy, and interstitial fibrosis. This
can lead to elevated blood pressure, hyperuricaemia (causing saturnine gout), and chronic kidney disease.
Proteinuria is typically minimal, but proximal tubular damage gives increased urine levels of low-molecular
weight proteins and enzymes.

Cardiovascular system

Secondary hypertension and cardiovascular disease are important consequences of chronic lead toxicity.
Changes in cardiac conduction and rhythm may be associated with increasing lead body burden.

Exposure assessment

History of occupational exposure: confirmed occupational exposure to inorganic lead compounds (fume and
dust).

Minimum duration of exposure: a few hours for acute effects, a few months for chronic effects.

Maximum latent period: Uncertain for most acute effects. For chronic neurological effects, four years. For
chronic nephropathy, eight years.

Ingestion is an important route of lead toxicity, and inhalation exposure is influenced by the particle size of
lead compounds in the air. As a consequence, environmental air levels are usually poorly correlated with
levels of toxicity. Nevertheless, they provide a general estimate of exposure control measures. Biological
monitoring and biological exposure monitoring for lead are the mainstays of assessing exposure. No one
method provides a comprehensive estimate of toxicity, and the paragraphs below describe the raft of mon-
itoring methods that are usually employed. Periodic monitoring is recommended, e.g. at yearly intervals for
low levels of exposure, but more frequently in higher exposures.

Full blood counts are a simple way of monitoring for lead toxicity. Anaemia can occur with blood lead levels
above 50 pg/dL. however, it is more commonly caused by other medical conditions. Basophillic stippling
(punctate basophilia) may be observed in blood films, and is proof of lead exposure (as opposed to toxicity).
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+ Lead concentration in whole blood is the principal method of monitoring for lead toxicity. Levels above
50 pg/dL are associated with anaemia, and levels over 100 pg/dL are associated with neurological and renal
toxicity. The concentration at a specific point in time is the result of several inter-related factors: 1) the princi-
pal one is exposure to lead in the preceding weeks and months, 2) with relative low levels of recent exposure,
the whole blood lead will reflect the balance between release of lead from bone stores, and excretion by the
kidney, 3) high bone levels of lead result from high exposures over decades, and 4) in addition, any chronic
kidney disease will impair excretion of lead by the kidney, and increase its blood levels. Whole blood lead is a
good measure of recent exposure, but usually a poor measure long-term body burden which is the principal
factor in end-organ disease. To overcome this weakness, serial measurements of whole blood lead have
been employed to derive a cumulative blood lead index.

+ Blood zinc protoporphyrin (ZPP) levels provide an estimate of exposure in the preceding two weeks. In un-
exposed workers, levels are normally less than 2 pg/g haemoglobin and start to rise with blood lead levels
between 30 pg/dL and 60 pg/dL.

+ In cases of severe toxicity, when chelation treatment is being considered, ethylenediamine tetraacetic acid
(EDTA) lead mobilisation studies can be used to estimate body burden.

+ K-line X-ray fluorescence studies of bone, usually of cortical bone in the tibia, have been used extensively
in epidemiological studies to estimate total body burdens of lead. In production plants with large stable
work-populations, this can identify trends and hot-spots of exposure. However, occupational exposure stan-
dards do not appear to have been developed.

Name of the diseases and ICD code: Diseases caused by organic lead (Specific disease code) +T56.0 +Z57

Acute organic lead poisoning (T56.0), Gastrointestinal toxicity (K52.1), Eye irritation (T26.0-T26.1), Upper
respiratory tract inflammation (J68.2), Irritant contact dermatitis (L24), Acute toxic encephalopathy (G92)

Short description of the disease

Occupational acute organic lead poisoning is usually caused by exposure to tetraethyl lead (TEL), either pure or
presentin “leaded” or “ethyl” gasoline. Toxicity is characterized by acute encephalopathy accompanied by neurobe-
havioral disorders. Symptoms may include abdominal discomfort, anorexia, vomiting and diarrhoea. Exposures to
very high environmental concentrations causes irritation of skin, mucous and ocular membranes.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Inhalation can induce sneezing and irritation of the upper respiratory tract; eye and skin contact can pro-
voke itching, burning and redness.

- Encephalopathy may appear several hours to weeks after the exposure. Symptoms include malaise,
fatigue, headache, anorexia, sialorrhoea, nausea, vomiting, insomnia or lethargy, depression, irritability,
and decreased libido. Aggressive behaviour, tremor and ataxia are often seen. In the most severe cases,
acute mania, psychosis, hallucinations, convulsions, delirium, tremor, choreiform movements, gait distur-
bances, coma and death can be observed.

+ Examinations: neurobehavioral tests usually show decreased scores. Laboratory analyses show increased
urinary tetraethyl lead levels. Changes in the blood count or in the metabolites of haeme synthesis are
absent.

Exposure assessment

+ History of occupational exposure: confirmed working conditions supporting the evidence of acute (often
accidental) exposure to organic lead. If available, elevated TEL concentrations in urine. Blood lead levels are
usually normal.

* Minimum duration of exposure: few hours.
+ Maximum latent period: 20 days.
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Chronic toxic encephalopathy (G92)

Short description of the disease

Chronic intoxication due to organic lead compounds is similar to the acute intoxication, but with a slower onset of
the symptoms, and a milder clinical picture.

Diagnostic criteria
Clinical manifestations

Irritability, insomnia, disturbing dreams, hallucinations, psychosis, anorexia, nausea, vomiting, tremulousness and
ataxia.

Exposure assessment

+ History of occupational exposure: confirmed working conditions supporting the evidence of exposure to
organic lead. If available, elevated TEL concentrations in urine. Blood lead levels are usually normal.

+ Minimum duration of exposure: few months.
* Maximum latent period: years.

Key actions for Lead poisoning in occupational settings can be prevented using the hierarchy of con-
prevention trols; e.g. the elimination of the use of lead and its compounds, and control of lead dusts,
vapours and fumes in environmental air. Wherever possible, lead compounds are replaced
by less-hazardous substitutes. In particular, much less toxic zinc and titanium-based
anti-corrosive paints, as substitutes for yellow lead chromate and ‘red’ lead oxide (Pb;0,,
red minium). It should be noted that copper (cuprous) oxide and not Pb;0, is normally
used to protect the under-water hulls of ships. In many countries the use of tetra-ethyl lead
as anti-knock agent for the formulation of gasoline has been banned. Local and general
exhaust ventilation can effectively reduce workers’ exposure.

Although skin absorption of inorganic lead is usually negligible, the use of protective
coveralls and the application of standard personal hygiene of workers is very effective in
reducing lead ingestion and transport out of the workplace. Cloakroom accommodation
should be provided for protective coveralls, with separate accommodation for non-work
clothing. Personal washing facilities, including soap and warm water, should be provided
and used. Time should be allowed for washing before eating. Arrangements should be
made to prohibit eating and smoking in the vicinity of lead processes and suitable eating
facilities should be provided. The possibility of contaminating the homes of workers, and
exposing family members to lead dust from the working clothes should be considered.
Lead is especially hazardous to young children and pregnant workers, and should be pre-
vented.

As described above, the measurement of blood lead levels and biological effects in workers
atregular intervals, are fundamental tools for occupational physicians to estimate whether
excessive exposure has taken place. Workers' health surveillance programs should be orga-
nized taking into account the level of exposure at workplaces, the duration of exposure, the
results of biological monitoring and clinical manifestations, if present.

Occupational exposure limits are available for lead and its compounds, and vary in dif-
ferent countries. The group of experts considered that the following limits of exposure
of workplace atmospheric concentrations (as 8hr TLV-TWA) provide a reasonable level of
protection for workers' health:

* Lead and most inorganic compounds: 0.05 mg/m3.

+ Tetraethyl lead: 0.1 mg/m3.

* Tetramethyl lead: 0.15 mg/m3.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC
Lead Lead metal; Plumbum 0052
Lead chromate Plumbous chromate; Chromic acid, lead (II) salt (1:1) 0003
Lead (II) oxide Lead monoxide; plumbous oxide; Lead protoxide; Litharge 0288
Lead naphthenate Naphthenic acid, lead salt 0304
Lead acetate Lead diacetate; Lead dibasic acetate 0910
Lead arsenate Arsenic acid, lead salt; Acid lead arsenate; Dibasic lead arsenate 0911
Lead carbonate Carbonic acid, lead (2+) salt; Lead (2+) carbonate; Cerussite 0999
Lead nitrate Lead (II) nitrate; Lead dinitrate; Plumbous nitrate 1000
Lead dioxide Lead peroxide; Lead (IV) oxide 1001
Lead tetroxide Lead orthoplumbate; Red lead; Minium; C.I. Pigment red 105 1002
Lead(II) arsenite Lead arsenite; Lead metaarsenite 1212
Lead bis Lead dimethyldithiocarbamate; Bis(dimethylcarbamodithioato-S,S") 1545
(dimethyldithiocarbamate) lead; Ledate; Methyl ledate

Tetraethyl lead Tetraethyl plumbane; Lead tetraethyl; TEL 0008
Tetramethyl lead Tetramethyl plumbane 0200

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.8.  Acute and chronic diseases caused by lead or its compounds T56.0 NE61 & XMOZH6
1.1.8  Mucous membrane irritation )68 CA81.Z
1.1.8 = Chemical bronchitis and pneumonitis ]68.0 CA81.0
1.1.8 = Chemical pulmonary oedema 168.1 CA81.1
1.1.8 = Burn of mouth, pharynx and oesophagus T28.0-T28.1, NEO2
T28.5-T28.6
1.1.8 = Burn of eye and adnexa T26.0-T26.1, NEOO
T26.5-T26.6
1.1.8 = Upper respiratory tract inflammation 168.2 CA81.2
1.1.8 | Burns and corrosion of respiratory tract 127 NEO1
1.1.8 | Reactive airways dysfunction syndrome (RADS) ]68.3 CA81Y
1.1.8  Irritant-induced occupational asthma ]68.3 CA81Y
1.1.8  Gastrointestinal toxicity (organic and inorganic, acute and chronic) K52.1 DA42.82
1.1.8 = Hypertension (secondary) 115.8 BA04.Z
1.1.8  Acute lead nephropathy N14.3 GB55.1
1.1.8 = Fanconi-like syndrome E72.0 5C60.Z
1.1.8  Acute toxic encephalopathy (organic and inorganic) G92 8D43.0Y
1.1.8 = Cerebral oedema G93.6 8D60.1
1.1.8 = Polyneuropathy (organic and inorganic) G62.2 8D43.2Y
1.1.8 = Chronic toxic encephalophaty (organic and inorganic) G92 8D43.0Y
1.1.8 | Burton line on the gums K05 DAOB.Y
1.1.8 = Chronic progressive renal failure N14.3 GB55.1
1.1.8  Infertility male N46 GB04.Z
1.1.8  Infertility female N97.8 GA31.Z
1.1.8 | Irritant contact dermatitis L24 EKO2

Occupational exposure to risk factors 757 QD84Y



https://www.ilo.org/dyn/icsc/showcard.listCards3?p_lang=en
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General
characteristics
of the causal
agent

Fluorine (F), CAS number 7782-41-4, is the chemical element with atomic number 9 of the
periodic table of elements, is mono-isotopic and has an atomic mass of 18.99 Da. Fluorine
is classified in Group 17 (VII-A; Main group) and mostly features the oxidation number 1
(fluoride). A short-lived radioactive isotope, '8F (half-life approximately 2 hours, decays by
emitting positrons), is artificially produced by several irradiation methods in a cyclotron
(such as from the minor isotope 80 of enriched water) and is incorporated into drugs such
as ['8F]-6-fluorodesoxy-glucose and ['8F]-fluoro-DOPA, which are used for medical diagnos-
tics in the technique of Positron-Emission Tomography (PET).

Molecular fluorine, seldom present in its elemental state in nature, is a diatomic yellow gas
with a typical pungent odour, is heavier than air and reacts violently with water, producing
toxic and corrosive vapours, such as ozone and hydrogen fluoride; the latter as an aqueous
solution is called hydrofluoric acid. Fluorine is highly reactive and combines with nearly all
other organic and inorganic substances, reacting violently with ammonia, metals, oxidants
and many other materials giving fire and explosion hazards.

Fluoride is the most common form of fluorine in naturally occurring minerals and inorganic
compounds. A few natural fluorine-containing organic compounds are known and are used
by producing organisms, usually plants, as chemical deterrents against predators. Fluorine
atoms are incorporated into the chemical structure of different manufactured products to
impart specific properties.

Several classes of fluorine compounds are of relevance for occupational hygiene and
toxicology. Among the most important are those employed in the industrial preparation
of fluorinated chemicals, and the fluorinated chemicals themselves: tetrafluoroethylene
and its polymer whose best-known brand name is Teflon®, chloro-fluoro-hydrocarbons,
perfluoro-acids and alcohols, some pharmaceutically important compounds such as the
anticancer drug 5-fluorouracil, and the volatile anaesthetic drugs Halothane, Isoflurane,
Sevoflurane and Desflurane.

Occupational
exposures

Fluorine is widely distributed in the environment since it is present, although at low con-
centrations, in virtually all rocks, in normal soils, in surface and seawater, and in the air.
Some minerals are present in nature as industrially exploitable ores and are the staple of
fluorine industrial chemistry.

Fluorspar (CaF,) is used as a flux in high temperature smelting and in refining processes of
the production of metals and alloys. It can react with sulphuric acid with the production of
hydrogen fluoride.

Cryolite (NasAlFg) is mainly used in the manufacture of aluminium by electrochemical
reduction of bauxite.

Fluorapatite (CaF,_3Ca3(PO,)s) is used in the production of phosphate fertilizers, phosphoric
acid and phosphorus. Over 50% by weight of mammalian skeleton is constituted of hydroxyl-
apatite, which is more soluble. Substitution of the hydroxyl groups with fluorine makes
bone and teeth enamel more mechanically resistant. This is the rationale underlying the
supplementation of drinking water with low concentrations of fluoride (about 1 ppm) and
of toothpaste with sodium fluoride or sodium mono-fluoro-phosphate to prevent dental
caries.

Elemental fluorine and hydrofluoric acid (HF) are used as starting materials in the synthe-
sis of organic and inorganic fluorine compounds. Industrial activities at risk of exposure
include production of phosphate fertilizers, aluminium production, brick manufacture,
tiles, pottery and cement products; production of glass enamel and glass fibre; steel and
non-ferrous metal casting and arc welding, carried out with the use of calcium fluoride
and other inorganic fluorides; petroleum refining; coal combustion. A minor but hazardous
activity is uranium processing, where isotopes of uranium are separated with the use of
uranium hexafluoride. Hydrofluoric acid is a highly volatile, colourless gas or liquid which is
very soluble in water and has a bitter smell. This corrosive liquid boils at 19.4°C and reacts
in moist air to form an acid mist. Hydrofluoric acid is used in the production of organic and
inorganic fluorine compounds, in fluorination processes and as an acid catalyst particularly
in paraffin alkylation in the petroleum industry; in non-chemical technological processes,
such as removing of sand from metallic castings, polishing, frosting and etching of glass
and enamel processing. Sodium fluoride, prepared by neutralizing hydrofluoric acid, is
an inhibitor of glycolysis and is thus used as an insecticide and to stop fermentation in
brewing. Industrial exposure to fluoride may arise in mining and use of fluoride-contain-
ing materials. Several hazardous industrial fluorine compounds hydrolyse to hydrofluoric
acid. Hydrofluoric acid is widely used as a de-rusting agent in household products and by
plumbers, who most often operate in the informal sector.
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Occupational Boron trifluoride (BF5) is a non-flammable colourless gas with a sharp odour, which is used
exposures as a general “Lewis acid” catalyst and forms a mist of hydrogen fluoride and boric acid in
moist air.

Nitrogen trifluoride (NF5) is a gas used in rocket fuel production and in fluorination reactions.

Carbonyl fluoride (COF;) is a gas produced during the thermal decomposition of polytet-
rafluoroethylene (PTFE) and of other fluorinated hydrocarbons; it is used as a chemical
intermediate in the synthesis of organic compounds (e.g. fluorinated alkyl isocyanates).

Oxygen difluoride (OF,) is a gas characterized by a foul smell and very strong oxidizing
properties. It is a very toxic compound, used as an oxidizer in rocket fuel systems.

Perchloryl fluoride (CIO5F) is a colourless, stable, non-flammable, sweet-smelling gas, used
in organic chemistry as a mild fluorinating agent.

Phosphorus trifluoride (PF;) is a colourless gas able to cause toxic effects at concentrations
well below its odour threshold, mainly used as a ligand in metal complexes.

Phosphorus pentafluoride (PFs) is a colourless gas with a sharp odour, which produces
hydrogen fluoride and phosphorus oxy-fluorides in contact with moist air; it is used as a
polymerization catalyst.

Silicon tetrafluoride (SiF,) is a colourless non-flammable gas with an overwhelming odour.
It is naturally present in volcanic emissions and produces a dense white mist of hexafluo-
rosilicic acid in air. Industrially, silicon tetrafluoride is produced when hydrofluoric acid is
used to etch glass. In water, this toxic gas hydrolyses to yield fluosilicic acid (H,SiFg) which
is the agent most commonly used to fluoridate water.

Sulphur tetrafluoride (SF,) is rapidly hydrolysed to hydrogen fluoride and thionyl fluoride,
which in turn is slowly hydrolysed with the production of hydrogen fluoride and sulphur
dioxide; it is used as a fluorinating agent and in making water and oil repellent materials,
as well as pesticides.

Sulphur hexafluoride (SFg) is an inert, colourless and odourless gas whose very high dielec-
tric constant makes it useful as an electric insulator of high-voltage devices. It brings about
some health risks only in confined spaces because it can displace air and cause asphyxia.
Electric sparking in the presence of oxygen will produce sulphur oxyfluoride, sulphur diox-
ide and sulphuryl fluoride.

Sulphuryl difluoride (SO,F,) is used as a fumigant and chemical sterilant for grains and
timber and as a non-greenhouse alternative to methyl iodide and methyl bromide. It is
very toxic and can be hazardous because it has no odour.

Tetrafluorohydrazine (N,Fs) is a colourless gas with a musty odour, which slowly hydrolyses
to hydrazine and hydrogen fluoride; it is used in some chemical syntheses, as a precursor
or a catalyst, and as a high-energy liquid oxidizer in some rocket fuel formulas.

Tetrafluoroethylene (C,F,, TFE) is the monomer for the preparation of poly-tetrafluoro-
ethylene (PTFE). It is a colourless gas, which is industrially prepared from chloroform and
hydrogen fluoride. Its highly exothermic polymerization can be triggered by trace metals
such as iron, and by oxygen and peroxides such as persulphate. PTFE is a thermoplastic,
non-stick, water repellent and chemically highly inert material, which has widespread appli-
cations in consumer products and in industrial applications. About 50% of PTFE production
is used for cable insulation in computer and microwave applications; other applications are
as very low-friction material for pipes in fluid mechanic actuators, as non-stick material for
covers and gaskets, and as a water-repellent component of textiles.

Hexafluoropropylene (C5F) is a colourless gas, which shares most chemical properties and
applications with TFE. Its main use is as co-monomer in PTFE (6-9%).

Chloro-Fluoro Hydrocarbons (CFCs) are heavy, colourless and usually non-flammable gases
or volatile liquids. They do not have any biological activity. CFCs had several uses as fire
extinguishers, as expanding gases in the manufacture of foam polymers, and as refriger-
ant gases. Later, they were found to be strong greenhouse gases and ozone-depleting in
the stratosphere. To mitigate anthropogenic climate changes, these compounds are being
gradually banned since 1990 from production and use under a system of international
agreements (e.g. the “Vienna Convention for the Protection of the Ozone Layer” and the
“Montreal Protocol on Substances that Deplete the Ozone Layer”).
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1.1.9 Diseases caused by fluorine or its compounds ICD Code T59.5 +Z57

Toxicological profile, main health effects and diagnostic criteria

Short Fluorine is a highly reactive element that is widely present in the environment and in the
toxicological industrial settings. Acute exposure may result in skin and mucous membrane irritation, as
profile well as in respiratory effects. Low-level chronic exposure may result in skeletal, dental, and

respiratory disorders.

Fluorine and hydrofluoric acid are toxicological hazards with severe and potentially
life-threatening effects when they are swallowed or come into contact with the skin.

Hydrofluoric acid is the weakest and most lipophilic of all halogen acids and can easily
penetrate biological barriers. After systemic absorption of hydrofluoric acid, uptake by the
cells is usually fast and the fluoride anion stays trapped inside the cells and interacts with
intracellular calcium ions, generating insoluble calcium difluoride. Depletion of intracellu-
lar calcium in turn triggers several effects due to its physiological role in multiple signalling
pathways.

Tetrafluoroethylene (TFE) shares the chemical alkylating characteristics of other halo-
genated olefins. It directly binds cellular glutathione through the action of glutathione
S-transferase (GST) enzymes, and the conjugate is bio-transformed into the cytotoxic
1,1,2,2-tetrafluoro-etanethiol. Although evidence for the carcinogenicity of TFE in humans
is currently inadequate, it has been considered sufficient in experimental animals. Hence,
in 2017 IARC reconsidered the classification of this substance and evaluated it as probably
carcinogenic to humans (Group 2A).

Name of the diseases and ICD code: Acute diseases caused by fluorine or its compound
(Specific disease code) +159.5 +Z57

Mucous membrane irritation (J68), Upper respiratory inflammation (J68.2), Acute chemical pneumonitis
(J68.0), Acute chemical pulmonary oedema (J68.1), Reactive airways dysfunction syndrome (RADS) (J68.3),
Acute irritant contact dermatitis (L24), Burns and corrosions of external body surface (T20-T25), Burns
and corrosion of eye and adnexa (T26.0-T26.1, T26.5-T26.6), Burns and corrosion of respiratory tract (T27),
Burns and corrosion of internal organs (T28.0-T28.2, T28.5-T28.7), Conjunctivitis (H10.2), Corneal ulcer
(H16.0)

Short description of the disease

Fluorine and hydrofluoric acid act as strong irritants for the skin, eyes and respiratory tract. Gaseous fluoride is
capable of reacting with the skin to induce severe thermal or chemical burns. Skin contact with hydrofluoric acid
may cause severe skin burns with tissue destruction. In the most severe cases, toxic hypocalcaemia due to the
binding of fluoride ions to calcium ions can be observed. Electrolytic imbalance can bring to cardiac arrhythmias
and tetanic crises. Fluoride poisoning can cause enzyme inhibition and impairment of nerve transmission.

In industrial exposures to gaseous and particulate fluoride, the main route of absorption is through the respira-
tory tract. Acute systemic toxicity consequent to ingestion or absorption from skin burns is very uncommon in
occupational scenarios, although absorption through skin exposure following splashes of hydrofluoric acid is very
dangerous and should always be considered as a possibility.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Exposure causes the immediate onset of symptoms of respiratory irritation such as coughing, chest tight-
ness, shortness of breath, choking, and chills. Symptoms may last 12 hours after exposure. Inhalation may
cause tachypnoea and a reactive airways dysfunction syndrome (RADS).

- Invery high exposure scenarios, bronchospasm, laryngospasm, and acute pneumonitis can be observed,
up to rapid death from gross haemorrhagic pulmonary oedema.

- For lower doses, delayed effects are possible. In these cases, pulmonary oedema may develop after an
asymptomatic period lasting between some hours and two days.

- Burns from hydrogen fluoride have a characteristic whitish aspect and are intensely painful. The acid can
penetrate deeply into soft tissues, reaching in some cases the bone, especially in areas such as the hands.
The geometric size of burns is not predictive of the extent of a systemic uptake of hydrofluoric acid.

* Examinations:

- Evidence of various degrees of irritation and burns of skin and mucous membranes at physical examina-
tion.

- Pulmonary auscultation should document signs of respiratory impairment (e.g. crepitations or crackles).

- Determination of electrolyte serum concentration might show hypocalcaemia, hypermagnesaemia and
hyperkalaemia.
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Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of fluorine or its
compounds (via either inhalation or absorption through skin lesions).

* Minimum duration of exposure: a single short exposure may be sufficient to cause the onset of the disease.
+ Maximum latent period: few hours.

Polymer fume fever (T59.8)

Short description of the disease

Acute exposure to polytetrafluoroethylene (PTFE) fumes can cause polymer fume fever also known as fluoro poly-
mer fever, Teflon flu or Teflon fume fever. When PTFE is heated above 450°C, inhalation of thermolysis products
can cause acute lung injury or a flu-like syndrome. Onset usually occurs about four to eight hours after exposure
to the pyrolysis products of PTFE.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: fever, chills, headache and backache with mild cough and tightness of the chest.

+ Examinations: normal chest X-ray and leukocytosis can be observed. Pulmonary auscultation can document
typical signs of bronchial irritation (e.g. wheezes and crackles).

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to thermolysis products of PTFE.
+ Minimum duration of exposure: even a very short exposure can cause the disease.
+ Maximum latent period: 12 hours.

Name of the diseases and ICD code: Chronic diseases caused by fluorine or its compound
(Specific disease code) +T59.5 +Z57

Skeletal fluorosis (M85.1)

Short description of the disease

Skeletal fluorosis or “osteofluorosis” is a systemic disease due to prolonged overexposure to inorganic fluoride. It is
due to the accumulation of fluoride in the skeletal tissues associated with pathological bone formation: this brings
about an increased bone density secondary to both elevated osteoblastic activity and the replacement of hydroxy-
apatite by the denser fluoroapatite. First signs appear in the lumbar spine and pelvis, in some cases accompanied
by ossification of ligaments.

This occupational disease was first reported in workers engaged in aluminium production, magnesium foundries,
fluorspar processing and superphosphate manufacture. A similar disease is observed in subjects environmentally
exposed to drinking water containing fluoride exceeding the concentration of 5-10 ppm.

Diagnostic criteria

Clinical manifestations

The onset is usually asymptomatic, even when radiological changes are present, such as increased density of verte-
bral and pelvic bones on X-rays. Early symptoms may include sporadic pain, back stiffness, burning-like sensation,
pricking and tingling in the limbs, muscle weakness, and chronic fatigue. In the clinically manifest form, also the
bones of the extremities are affected, showing irregular periosteal thickening with calcification of ligaments and
muscular attachments, together with exostoses and osteophytes in the most severe cases. The vertebrae may fuse
together, and the subject may eventually be unable to walk with pronounced kyphosis or lordosis).

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to high concen-
trations of fluoride and, when available, workplace air monitoring and measurements of fluoride in urine
(for a proper interpretation, non-occupational sources of fluoride intake should be assessed).

+ Minimum duration of exposure: one year.
+ Maximum latent period: 10 years.
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Dental fluorosis (mottled teeth) (K00.3)

Short description of the disease

Elevated fluoride levels during enamel maturation can result in dental fluorosis, which is characterized by hypomin-
eralization of subsurface enamel layers. Mottled enamel results from a partial failure of the enamel-forming ame-
loblasts to elaborate and lay down enamel itself.

It is important to recall that exposure to fluoride in subjects older than about 14 years does not bring about a risk
of dental fluorosis because permanent teeth can no longer be mottled, independently from fluoride intake. There-
fore, the disease can be observed as occupational only in circumstances of child labour. Cases of dental fluorosis
have been reported in children exposed to fluoride through the intake of contaminated mother’s breast milk.

Diagnostic criteria

Clinical manifestations

The mildest form of fluorosis is characterized by small, opaque, white areas irregularly scattered over the tooth. In
more serious forms, the mottled patches can involve from half up to all of the teeth surface area. In the latter case,
brown stains are frequently present. Severe fluorosis is characterized by brown discolouration and pitting, both
giving the teeth a corroded-looking appearance.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of fluoride
during childhood.

* Minimum duration of exposure: few years.
+ Maximum latent period: three years.

Potroom asthma (J68.9), Chronic obstructive pulmonary disease (COPD) ()68.4)

Short description of the disease

The term potroom arises from the use of metal pots for the preparation of aluminium by electrolysis of a high-
temperature molten mixture of alumina (purified bauxite), cryolite and sodium fluoride (the Hall-Héroult process).
This process is accompanied by emissions of dust and gases, which are able to cause an asthma-like syndrome
known as “potroom asthma”, a very relevant health issue among potroom workers, smelters and casters. The most
likely causative agents are irritant airborne particulates and fumes containing gaseous hydrogen fluoride, cryolite,
and other elements that may be adsorbed onto aluminium. Elicitation of the disease can be observed for low dose
exposures.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: wheezes on auscultation, chest tightness, tachypnoea, dyspnoea, tachycardia, non-
productive cough, occurring during working hours but more typically some hours after leaving work (delayed
onset). Symptoms become more frequent with repeated exposure and tend to improve when exposure
ceases. Increased bronchial reactivity, once induced, has a tendency to persist.

* Examinations:
- Reduced forced expiratory volume in the first second (FEV,) at pulmonary function test, usually reversible

by bronchodilators; bronchial challenge test (e.g. with methacholine) is often abnormal in this condition,
as increased nonspecific airway reactivity is common.

- If the disease evolves into COPD, bullae on the chest X-ray or CT scan can be seen, together with altered
blood gas analyses, showing mild to moderate hypoxaemia without hypercapnia (in the mild forms) or
more evident hypoxaemia with development of hypercapnia (in the most serious forms).

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated exposure to high levels of fluoride and,
if available, biological monitoring of fluoride urinary levels (recall that raised urinary fluoride levels can be
observed even years after heavy industrial exposures).

* Minimum duration of exposure: few weeks.
+ Maximum latent period: 3 years.
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Key actions for
prevention

Fluorine and hydrofluoric acid should be manipulated in the chemical industry under very
strict conditions of source segregation during all operations: from bulk production of the
commodities, their transport, storage and use in closed reactors, to purification of reaction
products and recovery of hydrofluoric acid and fluorides from the reaction mixtures. Spe-
ciality fluorinating reagents are usually expensive, and reaction conditions are intrinsically
violent and hazardous: thus, appropriate safety measures (such as the availability of per-
sonal protective equipment) should be implemented in all production facilities.

The inert nature of several fluorinated organic compounds - such as chlorofluorocarbons
(CFCs) (residual use) and hydrochlorofluorocarbons (HCFCs) - often makes asphyxia the
most relevant risk. Nonetheless, if fire extinguishing systems are equipped with alarms,
the hazard posed by the extinguishing gas should be marginal with respect to the others
generated by fires.

Other fluorine compounds that may be used in open environments, such as fumigants,
need the implementation of full safety measures, including on-site monitoring with por-
table devices and full personal protection (respirators). Only trained workers should be
allowed to do the applications.

Hydrofluoric acid is a very hazardous chemical due to the life-threatening delayed conse-
quences of absorption through skin exposure following splashes of acid. This accident is
reported especially in low-technology or informal sector activities, such as the manufacture
and repair of bath tubs and kitchen sinks with vitreous enamel coatings, derusting of water
pipes, or rust stain removal from textiles in laundries. To avoid contact with hydrofluoric
acid, a hydrofluoric acid-resistant protective garment is necessary for the hands, the body
and the eyes, and a facemask should be worn.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations have been observed to provide a reasonable level of protection for
workers' health and have been used in a number of countries:

* Fluorides (as F): 2.5 mg/m3 as 8hr TWA.
* Fluorine: 1 ppm as 8hr TWA.
+ Hydrogen fluoride: 0.5 ppm as 8hr TWA.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety

Cards (ICSC) hosted in the ILO website
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Name Synonyms ICSC
Fluorine 0046
Trichlorofluoromethane Trichloromonofluoromethane; Fluorotrichloromethane; CFC 11; R 11 0047
Dichlorodifluoromethane Difluorodichloromethane; R 12; CFC 12 0048
Chlorodifluoromethane Monochlorodifluoromethane; Methane, chlorodifluoro; HCFC 22; R 22 | 0049
1,1,2-Trichloro-1,2,2- Trichlorotrifluoroethane; CFC 113; R 113 0050
Trifluoroethane
Trifluralin alpha, alpha, alpha-Trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine; 0205
2,6-Dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine
Antimony pentafluoride Antimony(V) fluoride 0220
Boron trifluoride Trifluoroborane 0231
Fluoroacetic acid alpha-Fluoroacetic acid; Monofluoroacetic acid; FAA 0274
Halothane 2-Bromo-2-chloro-1,1,1-trifluoroethane; 1-Bromo-1-chloro-2,2,2- 0277
trifluoroethane
Hydrogen fluoride Hydrofluoric acid, anhydrous 0283
Chlorotrifluoromethane CFC 13; Monochlorotrifluoromethane; Trifluoromethyl chloride 0420
Sodium fluoroacetate Sodium fluoroacetic acid; Fluoroacetic acid, sodium salt 0484
Sulphur hexafluoride Sulfur fluoride 0571
Tetrafluoromethane Carbon tetrafluoride; Freon 14; Halon 14 0575
Tetrafluorosilane Silicon tetrafluoride; Silicon fluoride; Perfluorosilane 0576
Trifluoromethane Carbon trifluoride; Fluoroform; R 23; Methyl trifluoride (cylinder) 0577
Vinyl fluoride Fluoroethene; Fluoroethylene 0598
Carbonyl fluoride Carbon oxyfluoride; Carbon difluoride oxide; Difluoroformaldehyde; = 0633
Fluorophosgene
Bromochlorodifluoromethane = Freon 12 B 1; R 12 B 1; Halon 1211 0635
Chlorodifluoroethane 1-Chloro-1,1-difluoroethane; HCFC 142 b 0643
Dichlorotetrafluoroethane 1,2-Dichloro-1,1,2,2-tetrafluoroethane; CFC114 0649
Chlorine trifluoride Chlorine fluoride; Chlorotrifluoride 0656
Trifluorochloroethylene Chlorotrifluoroethylene; Trifluorovinyl chloride 0685
Vinylidene fluoride 1,1-Difluoroethylene; 1,1-Difluoroethene; R11323; Vinylidene 0687
difluoride
Oxygen difluoride Oxygen fluoride; Fluorine monoxide; Difluoride monoxide 0818
Bromotrifluoromethane Trifluorobromomethane; Fluorocarbon-1301; Bromofluoroform; 0837
(cylinder)
Chloropentafluoroethane 1-Chloro-1,1,2,2,2-pentafluoroethane; Fluorocarbon 115; CFC 115; 0848
(cylinder)
Cyhalothrin (RS)-alpha-Cyano-3-phenoxybenzyl (Z)-(1RS,3RS)-(2-chloro- 0858
3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate;
Cyclopropanecarboxylic acid, 3-(2-chloro-3,3,3-trifluoro-1-prope-
nyl)-2,2-dimethyl-, cyano(3-phenoxyphenyl)methyl ester
Lambda-cyhalothrin alpha-Cyano-3-phenoxybenzyl 3-(2-chloro-3,3,3-trifluoroprope- 0859
nyl)-2,2-dimethylcyclopropanecarboxylate; a 1:1 reaction mixture of
the (2)-(1R,3R), (S) ester and (2)-(1S,3S), (R) ester
Tin(II) fluoride Stannous fluoride; Tin bifluoride; Tin difluoride 0860
Enflurane 2-Chloro-1,1,2-trifluoroethyl difluoromethyl ether; 2-Chloro- 0887
1-(difluoromethoxy)-1,1,2-trifluoroethane; Ethrane; Ether,
2-chloro-1,1,2-trifluoroethyl difluoromethyl
Selenium hexafluoride Selenium fluoride 0947
Sodium fluoride Natrium fluoride; Sodium monofluoride 0951
Bromine pentafluoride Bromine fluoride 0974
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trifluoromethylsulfinylpyrazole

Name Synonyms ICSC

Fluorosulfonic acid Fluorosulfuric acid; Fluorosulphuric acid 0996

Fluoroboric acid Borofluoric acid; Fluoboric acid; Hydrogen tetrafluoroborate, 1040
Hydrofluoboric acid

Hexafluoroacetone 1,1,1,3,3,3-Hexafluoro-2-propanone; Perfluoroacetone 1057

Dichloromonofluoromethane Fluorodichloromethane; HCFC 21; Fluorocarbon 21 1106

Perchloryl fluoride Chlorine oxyfluoride; Chlorine fluoride oxide; Trioxychlorofluoride 1114

Perfluoroisobutylene Octafluoroisobutylene; 1,1,3,3,3-Pentafluoro-2-trifluoromethyl-1- 1216
propene; Octafluoro-sec-butene

Ammonium fluoride Neutral ammonium fluoride 1223

Fluorosilicic acid Hexafluorosilicic acid; Dihydrogen hexafluorosilicate; Fluosilicic acid; 1233
Hydrosilicofluoric acid

Nitrogen trifluoride Nitrogen fluoride; Trifluoroamine; Trifluoroammonia; 1234
Perfluoroammonia

Dipotassium hexafluorosilicate | Potassium fluorosilicate; Potassium silicofluoride; Dipotassium 1242
hexafluorosilicate

Sodium hexafluorosilicate Sodium fluorosilicate; Sodium silicofluoride; Disodium hexafluorosil- = 1243
icate

Uranium hexafluoride Uranium fluoride 1250

Triflumizole (E)-4-Chloro-alpha,alpha,alpha-trifluoro-N-(1-imidazol-1-yl)-2- 1252
propoxyethylidene-o-toluidine; 1-(1((4-Chloro-2-(trifluoromethyl)
phenyl)imino)-2-propoxyethyl)-1H-imidazole

Flutolanil alpha,alpha,alpha-Trifluoro-3'-isopropoxy-o-toluanilide; N-(3-(1- 1265
Methylethoxy)phenyl)-2-(trifluoromethyl)benzamide

Hexaflumuron 1-(3,5-Dichloro-4-(1,1,2,2-tetrafluoroethoxy)phenyl)-3-(2,6-dif- 1266
luorobenzoyl)urea

Flocoumafen 4-Hydroxy-3-(1,2,3,4-tetrahydro-3-(4-(4-trifluoromethylbenzyloxy) 1267
phenyl)-1-naphthyl)coumarin; 4-Hydroxy-3-(1,2,3,4-tetrahydro-
3-(4-((4-(trifluoromethyl)phenyl)methoxy)phenyl)- 1-naphthale-
nyl)-2H-1-benzopyran-2-one

1,1,1,2-Tetrafluoroethane HFC 134° 1281

Chlorotrifluoroethane 2-Chloro-1,1,1-trifluoroethane; 1-Chloro-2,2,2-trifluoroethane; CFC 1299
133;(cylinder)

Calcium fluoride Calcium difluoride 1323

Aluminium fluoride Aluminium trifluoride 1324

(Anhydrous)

2,2-Dichloro-1,1,1- HCFC 123 1343

trifluoroethane

Beryllium fluoride Beryllium difluoride 1355

Sulfuryl fluoride Sulfuryl difluoride; Sulfuric oxyfluoride 1402

Dibromodifluoromethane Difluorodibromomethane; Fluorocarbon 12-B2 1419

1,1,1,2-Tetrachloro-2,2- 1,1-Difluoro-1,2,2,2-tetrachloroethane; CFC-112a 1420

difluoroethane

1,1,2,2-Tetrachloro-1,2- 1,2-Difluoro-1,1,2,2-tetrachloroethane; CFC-112; Fluorocarbon 112 1421

difluoroethane

Fluoroacetamide 2-Fluoroacetamide; Monofluoroacetamide; Fluoroacetic acid amide 1434

Isoflurane Ether, 1-chloro-2,2,2-trifluoroethyl difluoromethyl; 2-Chloro-2- 1435
(difluoromethoxy)-1,1,1-trifluoroethane

Sevoflurane 1,1,1,3,3,3-Hexafluoro-2-(fluoromethoxy)propane; Ether, fluorome- 1436
thyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl-

Desflurane 1,2,2,2-tetrafluoroethyl difluoromethyl ether 1437

Sulfur tetrafluoride Tetrafluorosulfurane 1456

Fipronil 5-Amino-3-cyano-1-(2,6-dichloro-4-trifluoro-methylphenyl)-4- 1503
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Name Synonyms ICSC

Cryolite Aluminium trisodium fluoride; Sodium fluoaluminate; Sodium 1565
aluminium fluoride; Sodium hexafluoroaluminate

Perfluorooctanoic acid Pentadecafluorooctanoic acid; Pentadecafluoro-n-octanoic acid; 1613
Perfluorocaprylic acid

Methoxyflurane 2,2-Dichloro-1,1-difluoroethyl methyl ether; 2,2-Dichloro-1,1-difluoro- = 1636
1-methoxyethane; Methoflurane; Penthrane

Trifluoroacetic acid Perfluoroacetic acid; Trifluoroethanoic acid 1673

Hydrofluoric acid 1777

» Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11

1.1.9  Acute/chronic diseases caused by fluorine or its compounds T59.5 NE61& XM9ISB2

1.1.9 = Mucous membrane irritation 168 CA81.0

1.1.9 = Upper respiratory inflammation 168.2 CA81.2

1.1.9 = Acute chemical pneumonitis ]68.0 CA81.0

1.1.9  Acute chemical pulmonary oedema 168.1 CA81.1

1.1.9  Reactive airways dysfunction syndrome (RADS) 168.3 CA81Y

1.1.9  Polymer fume fever T59.8 NE61

1.1.9 = Acute irritant contact dermatitis L24 EKO02

1.1.9  Burns and corrosions of external body surface T20-T25 ND9Z, ND9Y,
NE10

1.1.9  Burns and corrosions of eye and adnexa T26.0-T26.1, NEOO

T26.5-T26.6
1.1.9 = Burns and corrosions of the respiratory tract T27 NEO1
1.1.9 = Burns and corrosions of internal organs T28.0-T28.2, NEOZ, NE10
T28.5-T28.7

1.1.9 | Conjunctivitis H10.2 9A60.Z

1.1.9 | Corneal ulcer H16.0 9A76

1.1.9 = Skeletal fluorosis M85.1 FB80.1

1.1.9 | Dental fluorosis (Mottled teeth) K00.3 DA07.0

1.1.9 = Occupational asthma by fluorides (Potroom asthma) 168.9 CA81Y

1.1.9 | Chronic obstructive pulmonary disease (COPD) J68.4 CA22.Z

Exposure to occupational risk factors 757 QD84Y
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General Carbon disulfide (CS,, carbon bisulfide, carbon sulphide), CAS number 75-15-0, is a colour-
characteristics less or pale-yellow liquid, with a characteristic sweet, pleasing and ether-like odour when
of the causal the compound is pure; the technical-grade product usually has an offensive odour due to
agent the presence of minor manufacturing impurities such as mercaptans (thiols). It has a molec-

ular mass of 76.1 and is volatile, with a boiling point of 47°C. The vapour is heavier than
air and may migrate along the ground. Vapour can ignite spontaneously on contact with
heated surfaces. The critical temperature is above 102°C. Distant ignition and explosion are
thus possible, also triggered by shock, friction, or concussion. Moreover, due to the rela-
tively high dielectric constant of the liquid, flow, agitation, and other physical phenomena
of technological occurrence can generate a substantial build-up of electrostatic charges,
which carry along with fire and explosion hazards. Carbon disulfide reacts violently with air
and with other chemical oxidants, causing fire and explosion hazards and producing toxic
fumes of sulphur dioxide. Carbon disulfide is heavier than air and soluble in water. It is an
excellent solvent, especially for certain polymers, such as natural rubber latex, and reacts
with some natural polymers, such as cellulose in a strong alkaline solution, dissolving the
material. Carbon disulfide can polymerize into a hard semiconducting material.

Industrial-grade carbon disulfide used to be manufactured by reacting hot sulphur-
containing gases (hydrogen sulphide, sulphur vapours or sulphur oxides deriving from
the desulphurization of coal and oil) on red-hot coal and quickly condensing the gaseous
stream. Currently, production is accomplished by direct reaction of sulphur with methane,
with yearly production in the order of a million tons. Due to its hazardous properties, includ-
ing human toxicity, its use has been largely downsized in most industrialized countries.

Occupational The excellent solubilizing properties of carbon disulfide on fatty substances, on natural
exposures rubber latex and on cellulose (in a strongly alkaline solution and in the presence of sol-
uble copper salts; see item 1.1.28) gained this relatively cheap synthetic solvent several
applications in manufacturing, and its chemical reactivity gave it a role in the synthesis of
sulphur-containing fine chemicals. Among the historical industrial applications, most of
which are now residual and generally abandoned in industrialized countries, are:

» The production of viscose rayon fibre for textiles and of cellulose film for packaging.

+ The curing (“cold vulcanization") of natural rubber and the impregnation of textiles
for waterproofing.

+ The extraction of industrial fats from slaughterhouse carcasses and from fish flour,
of wax resins from wood pulp and of oils from natural sources.

+ The solubilisation of reagents such as sulphur mono-chloride and white phospho-
rus.

* Some historical chemical syntheses of fine chemicals such as pesticides, dyes, and
drugs, and intermediates for their manufacture.

Among the best-known products manufactured with carbon disulfide as starting mate-
rial are dithiocarbamate pesticides (mancozeb, zineb, see item 1.1.36). Another industrial
product derived from carbon disulfide is carbon tetrachloride (see item 1.1.11).

Carbon disulfide still finds some use for the fumigation of containers and goods, such as in
airtight storage warehouses, railroad boxcars, grain elevators, and cereal mills.

One traditional application of carbon disulfide in analytical laboratories is the desorption of
volatile organic compounds adsorbed on carbon black. Although this operation involves a
very small number of well trained operators in usually well equipped chemical laboratories,
it represents an occasion of transient but intense respiratory exposure and the chance of
skin exposure.




» 1. Occupational diseases caused by exposure to agents arising from work activities

1.1.10 Diseases caused by carbon disulfide ICD Code T65.4 +257

Toxicological profile, main health effects and diagnostic criteria

Short Due to its low boiling point and excellent lipid solubility, carbon disulfide is absorbed rap-
toxicological idly and efficiently both by the airways and by the skin. The gastrointestinal route is of
profile negligible importance due to the awful taste of the product which may discourage a sui-

cidal use. Most toxic effects that follow acute exposures are thus in part common to other
volatile organic vapours (irritation of the respiratory tract, of the skin and of the mucosae;
neurotoxicity, systemic toxicity to the liver and to the kidney). Some specific effects of car-
bon disulfide are due to its behaviours towards biological structures, most of which are
poorly characterised. Among the cellular targets of toxicity are:

+ Chelation of “soft” essential trace metals by some addition compounds of carbon
disulfide with endogenous soluble metabolites.

+ Inhibition or inactivation of some enzymes by several mechanisms, including che-
lation of cofactor metal ions, inactivation of nucleophilic centres at the active site,
structural disruption of enzyme architecture by reactive oxygen radicals; the liver
toxicity may be partly explained by the inactivation of cytochrome P-450 via the oxi-
dative desulfuration of carbon disulfide.

+ Disturbance of the metabolism of vitamin B6 and nicotinic acid, catecholamines, and
of lipids.

The extensive biotransformation of absorbed carbon disulfide yields carbon dioxide as
end product, and entails the conversion of the sulphur component of the molecule into
sulphate through a physiologically expensive biological oxidation. The electrophilic carbon
disulfide molecule reacts with several nucleophilic molecules in the body in a complex
sequence of reactions. Thiourea is a product of carbon disulfide excreted in urine and lev-
els are well correlated to respiratory exposure to the solvent. Reaction with glutathione
and cysteine yields specific metabolites, among which 2-thiothiazolidine-4-carboxylic acid
(TTCA) is excreted in the urine and can be measured as exposure biomarker.

Name of the diseases and ICD code: Acute diseases caused by carbon disulfide
(Specific disease code) +165.4 +Z57

Respiratory tract irritation (J68.4), Acute chemical pneumonitis (J68.0), Pulmonary oedema (J68.1), Upper
respiratory inflammation (J68.2), Burns and corrosion of external body surface (T20-T25), Burns and
corrosion of mouth, pharynx and oesophagus (T28.0-T28.1, T28.5-T28.6), Burns and corrosion of eye and
adnexa (T26.0-T26.1, T26.5-T26.6), Conjunctivitis (H10.2), Corneal ulcer (H16.0), Irritant contact dermatitis
(L24)

Short description of the disease

Carbon disulfide is soluble in water and can thus affect the lower respiratory tract with insidious onset. Contact
with liquid or concentrated vapours of carbon disulfide causes irritation to the skin, eyes and mucous membranes.

Diagnostic criteria

Clinical manifestations

+ The effects on the lower respiratory tract can be delayed (6 to 24 or even up to 72 hours), but are often
although not always preceded by upper respiratory tract symptoms (runny nose, sore throat). Dyspnoea and
respiratory failure may occur following exposure to high concentrations.

+ Swallowing the liquid may cause aspiration into the lungs with the risk of chemical pneumonitis due to
vaporization of the substance; pulmonary oedema may occur.

+ In extreme exposure cases, direct contact may cause chemical burning of the skin, eyes, or mucous mem-
branes. Direct contact may result in significant dermal absorption and contact with the liquid can result in
second- and third-degree chemical burns and blistering in the skin. For further details on clinical features of
irritant contact dermatitis, refer to item 2.2.2.

+ Carbon disulfide is irritating to eyes and may cause corneal erosions.
+ Ingestion of liquid can irritate the mouth, pharynx, and oesophagus.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to carbon disulfide via inhalation,
ingestion, skin and eye contact and, when available, measurements of workplace airborne carbon disulfide
concentrations. Presence of carbon disulfide in blood and urine, of 2-thiothiazolidine-4-carboxylic acid (TTCA)
in urine and of carbon disulfide itself in the exhaled air can confirm exposure.

+ Minimum duration of exposure: few minutes.

* Maximum latent period: 24 hours.
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Acute toxic encephalopathy (G92)

Short description of the disease

Acute exposure (mostly accidental) to high levels of carbon disulfide from all routes of exposure (inhalation, inges-
tion and skin contact) can cause an acute toxic encephalopathy.

Diagnostic criteria

Clinical manifestations

Characteristic symptoms are dizziness, headache, nausea, vomiting, anorexia, memory disturbances, mood swings
(with irritability, nervousness and euphoria), mania, depression, confusion, muscle weakness, sleeplessness, and
fatigue. Main signs of high-dose intoxication are hyperexcitability, blind spots in vision, dilated pupils, mental
confusion, delirium, and hallucinations. Extreme consequences can be represented by narcosis, convulsions, loss
of consciousness, coma and, eventually, death. Neuropsychological tests can document intellectual, affective or
motor changes (although minor).

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high levels of carbon disulfide via
inhalation, ingestion, skin and eye contact and, when available, measurements of workplace airborne
carbon disulfide concentrations. Presence of carbon disulfide in blood and urine, of 2-thiothiazolidine-4-
carboxylic acid (TTCA) in urine, and of carbon disulfide itself in the exhaled air can confirm exposure.

+ Minimum duration of exposure: few minutes.
* Maximum latent period: 24 hours.

Name of the diseases and ICD code: Chronic diseases caused by carbon disulfide
(Specific disease code) +T65.4 + Z57

Chronic toxic encephalopathy (G92), Toxic optic neuropathy (H46), Ototoxic hearing loss (H91.0),
Peripheral polyneuropathy (G62.2), Atherosclerosis (170.9), Chronic ischaemic heart disease (125.8),
Secondary hypertension (115.9), Chronic kidney disease (N18.9), Intermittent claudication (173.9)

Short description of the disease

Long-term exposure to carbon disulfide may induce a chronic toxic encephalopathy due to both its direct neuro-
toxicity and its ability to cause a cerebral vasculopathy, and may induce a mixed sensorimotor peripheral neuro-
pathy. Carbon disulfide exposure can cause ocular and ear damage, and has been associated with increased risk
of hypertension, angina pectoris, atherosclerosis, retinal vasculopathy, renal impairment and mortality from myo-
cardial infarction. Gastrointestinal disturbances with anorexia and weight loss as well as liver damage have also
been observed. Long-term exposure to high levels of carbon disulfide may induce, through endocrine disruption,
reduced sperm count and changes in sperm morphology in males, as well as menstrual disorders in females: these
alterations may lead to reduced fertility in both genders, but evidence remains unclear.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Encephalopathy can be characterized by behavioural changes and both extrapyramidal and pyramidal
lesions. Clinical picture of the encephalopathy may resemble parkinsonism with neuropsychological dys-
function. In some cases, a cerebellar syndrome can be observed. Effects may include emotional distur-
bances and psychosis.

- The main target of the peripheral neuropathy are the legs, but it can also affect the cranial nerves; skin
absorption may result in localized degeneration of peripheral nerves.

- Cranial nerve effects may include retrobulbar optical neuritis with central scotoma and red-green colour
blindness; noise-induced hearing loss may be potentiated by carbon disulfide exposure.

- Retinopathy due to vascular damage has been documented, together with impairment of colour vision
and retinal blind spots, narrowing of vision and decreased ability to see in the dark.

- Atherosclerosis, coronary heart disease, and hypertension can also occur. The atherogenic effect of car-
bon disulfide can cause a peripheral artery disease of the extremities, possibly manifesting as intermittent
claudication.
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* Examinations:

- Nuclear magnetic resonance images (MRI) show hyperintensity in the basal ganglia and the subcortical
white matter.

- Neurobehavioral tests show impaired performance: intellectual and cognitive impairment may be indi-
cated by results in the lowest 5% of the distribution of scores from the normal population of similar age
and intellect. Test performance should be abnormal in at least one test in each of two functional areas.

- Cerebral atrophy detected through imaging techniques and electroencephalographic changes may be
present in severe cases.

- Electroneurography shows reduced nerve conduction velocities in the peripheral nerves.

- Biopsies of peripheral nerves may show demyelination and infiltration of leukocytes with focal axonal
swellings and accumulations of neurofilaments (histologically similar to the neuropathy produced by
n-hexane, see item 1.1.21).

- Pupillary and corneal reflexes can be reduced.

- The fundoscopic examination shows a retinopathy with micro-aneurysms and punctate haemorrhages.

- In cases of cardiovascular involvement, electrocardiographic evidence of ischaemic heart disease with
different levels of severity can occur, together with increased blood levels of cholesterol and triglycerides,
and altered blood pressure levels.

- In cases of kidney impairment, haematuria, proteinuria, and reduced glomerular filtration rate can be
observed.

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated exposure to carbon disulfide and, when
available, measurements of workplace airborne carbon disulfide concentrations. Presence of carbon disul-
fide in blood and urine, of 2-thiothiazolidine-4-carboxylic acid (TTCA) in urine and of carbon disulfide itself in
the exhaled air can confirm exposure.

+ Minimum duration of exposure: one year (10 years for chronic encephalopathy).

+ Maximum latent period: several years (from three years for effects on the central and peripheral nervous
systems, up to eight years for cerebral vasculopathy).

Key actions for Due to its hazardous properties of flammability and toxicity, the industrial use of carbon
prevention disulfide has been largely limited and only few applications still exist, in which its chemical

(rather than solvent) properties are exploited. Most of the current use of carbon disulfide is
in the production of textile and stretchable polymeric cellulose (rayon yarn) from abundant
cheap sources. Due to the enforcement of regulatory constraints for the protection of the
environment and of human health, this process has been largely abandoned in several
countries and areas of the world such as in the EU. Elsewhere, this process still supplies the
raw material (regenerated cellulose) for the textile and clothing industry and for the very
high-volume production of consumer goods such as diapers and other single-use personal
hygiene commodities. The emission of carbon disulfide from the process varies according
to the production. Only approximately half of the carbon disulfide used can be recovered
and recycled at the end of the process, which generates hydrogen sulfide (see item 1.1.16)
in the phase when xanthate cellulose is hydrolyzed to cellulose fibres (acid coagulation of
viscose). To minimize exposure of workers, enclosure of production tanks and of spinning
machines is the most efficient prevention, which also limits the possibility of potentially
fatal accidents caused by falling into the tanks, containing highly concentrated alkaline and
acidic solutions.

The group of experts considered that a limit of exposure of workplace atmospheric con-
centrations of 1 ppm as an 8hr TWA has been observed to provide reasonable level of
protection for workers’ health, and to be used in a number of countries.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Carbon disulfide Carbon disulphide, Carbon bisulfide, Carbon sulfide 0022

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.10 | Acute/chronic diseases caused by carbon disulfide T65.4 NE61 & XM7S546
1.1.10 | Respiratory tract irritation )68 CA81
1.1.10 | Acute chemical pneumonitis ]68.0 CA81.0
1.1.10 | Pulmonary oedema ]68.1 CA81.1
1.1.10 | Upper respiratory inflammation ]68.2 CA81.2
1.1.10 | Burns and corrosion of external body surface T20-T25 ND9Z, ND9Y
1.1.10 | Burns and corrosion of mouth, pharynx and oesophagus T28.0-T28.1, NEO2
T28.5-T28.6
1.1.10 | Burns and corrosion of eye and adnexa T26.0-T26.1, NEOO
T26.5-T26.6
1.1.10 | Conjunctivitis H10.2 9A60.Z
1.1.10 = Corneal ulcer H16.0 9A76
1.1.10 | Irritant contact dermatitis L24 EKO2
1.1.10 | Toxic encephalopathy G92 8D43.0Z
1.1.10 | Toxic optic neuropathy H46 9C40.1Y
1.1.10 | Ototoxic hearing loss H91.0 AB53
1.1.10 | Peripheral polyneuropathy G62.2 8C0Z
1.1.10 | Chronic ischaemic heart disease 125.8 BA5Z
1.1.10 | Secondary hypertension 115.9 BA04.Z
1.1.10 = Atherosclerosis 170.9 BD40.Z
1.1.10 | Chronic kidney disease N18.9 GB61.Z
1.1.10 | Intermittent claudication 173.9 BD40.0
Occupational exposure to risk factors 757 QD84Y
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General
characteristics
of the causal
agent

ICD Code T53 +Z57

Halogenated aliphatic and aromatic hydrocarbons are organic chemical compounds in
which one or more hydrogen atoms directly linked to carbon atoms are replaced by a hal-
ogen atom (fluorine, chlorine, bromine, or iodine).

In aliphatic halogenated compounds, the halogen atom is linked to an aliphatic carbon
atom and not to a benzene or higher aromatic ring system, although the molecule can con-
tain such chemical groups in the structure. In aromatic halogenated compounds, the halo-
gen atom is directly linked to the benzene or higher aromatic ring system of the molecule.

Lower aliphatic halogenated hydrocarbons are usually condensable gases or very volatile
liquids under ambient conditions. Their volatility generally decreases with the increasing
size of the hydrocarbon portion of their molecules and with the increasing number and an
atomic number of attached halogen atoms (fluorine < chlorine < bromine <iodine).

Although lower aliphatic halogenated hydrocarbons are still flammable in air or in an oxy-
gen-rich atmosphere, poly-halogenated compounds are not, and they are able to inhibit
the chemical processes that sustain combustion.

Few lower aliphatic halogenated hydrocarbons are weakly soluble in water, while the
majority of halogenated hydrocarbons are at most poorly, if at all, soluble in water (yet
they can be dissolved in natural water at trace levels); in bulk, they are heavier than water
and immiscible.

The halogen atom of aliphatic halogenated hydrocarbons can be chemically removed from
the molecule by water, especially in alkaline conditions (a reaction named ‘hydrolysis’),
unless it is bound to a carbon-carbon double bond (in compounds named ‘halogenated
olefins’), a chemical structure which makes the halogen atom very unreactive. On the con-
trary, the proximity of a halogen atom to a carbonyl group makes it very easily displaceable
even by atmospheric moisture, with a usually exothermic reaction and formation of corro-
sive and toxic gaseous hydrogen halogenide or halogenohydric acid mists.

Aromatic halogenated hydrocarbons are medium volatility liquids or crystalline solids, a
few of which sublime under ambient conditions. They are usually not miscible with water,
poorly flammable and their halogen atoms are chemically unreactive unless under very
strong conditions or when some special arrangements of chemical groups and atoms are
present in the molecule.

The chemical class of aromatic halogenated hydrocarbons includes, among the compounds
of occupational concern, polychlorinated biphenyls (PCB), polybrominated biphenyls (PBB),
and polyphenyls, polychlorinated dioxins, polychlorinated benzo- and dibenzo-furans,
dichlorodiphenyltrichloroethane (DDT) and its derivatives, and hexachloronaphtalene.

The halogenated aromatic compounds of interest for occupational toxicology can be clas-
sified into three subgroups:

(i) derivatives of benzene in which one or more hydrogen atoms have been substituted
by halogen atoms. Among the most important substances are: chlorinated benzene(s):
mono-, di-, tri-, hexachloro-benzene; bromo-benzene; mono- and trichlorotoluene;

(ii) derivatives of biphenyls and of poly-phenyls in which one or more hydrogen atoms
have been replaced by halogen atoms; the most important substances are polychlori-
nated biphenyls (PCB) and, to a lesser extent, polybrominated biphenyls (PBB);

(iii) polynuclear compounds composed of two or more fused benzene rings in which
one or more hydrogen atoms have been replaced by halogen atoms. The substances
of higher interest are the polychloro-naphthalenes (mainly hexachloro-naphthalene).

Following are the descriptions of a small number of individual compounds, mostly selected
for their industrial relevance.

Methylene chloride (dichloromethane) is a volatile, colourless, liquid, heavier than water,
and partially miscible, with a sweetish odour generally detectable above 200-300 ppm and
intensely irritating for mucosa above 2,300 ppm. Methylene chloride is a bulk chemical,
mostly used as solvent, while its use as chemical reagent is minor. Although it is not flam-
mable, and it is often used to reduce flammability of petroleum-ether based solvent mix-
tures, in presence of fire methylene chloride generates hydrochloric acid and phosgene, a
much more hazardous chemical (see item 1.1.32). Methylene chloride is in part eliminated
with exhaled air and in part metabolized to carbon monoxide (see item 1.1.16), from which
it derives, at least partially, its toxicity.

Trichloroethylene (trichloroethene, chlorylene, TRI) is a non-flammable liquid, heavier
than water and immiscible, with a chloroform-like odour. It is mostly used as a degreas-
ing solvent and in industrial dry-cleaning. Vapour/air mixtures are explosive and thermal
decomposition generates dichloro-acetylene, hydrochloric acid fumes, carbon monoxide
and phosgene. The main excreted metabolites of trichloroethylene are trichloroethanol
and trichloroacetic acid.
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Tetrachloroethylene (tetrachlorethene, perchloroethylene) is a non-flammable liquid,
heavier than water and immiscible, with an ether-like odour. It is mostly used as a degreas-
ing solvent and in industrial dry-cleaning. Thermal decomposition produces carbon
monoxide, phosgene and hydrochloric acid fumes. Although tetrachloroethylene has a
very limited biotransformation (less than 3% undergoes biotransformation and excretion
as trichloroacetic acid), and 80 to 90% of the absorbed dose is excreted unchanged with
exhaled air, the remaining dose has a fairly long biological half-life due to accumulation in
body lipids.

Vinyl chloride (monochloroethylene) is the starting monomer for the synthesis of the
important industrial polymer polyvinyl chloride (PVC) and is a condensable gas at ambient
conditions. Due to its specific toxicological characteristics as a human carcinogen, refer to
the dedicated item 3.1.7 for further details.

Allyl chloride (1-chloro-propene) is a colourless liquid with an unpleasant odour, very reac-
tive towards hydrolysis, strongly irritant and sensitizing.

Methyl bromide (bromomethane) in ambient conditions is a colourless, odourless, and
heavier-than-air gas.

Occupatinal
exposures

Due to the very large number of compounds in this chemical class, occupational uses and
sources of exposure are very diverse. Any situation in which exposure to the compounds
in this chemical class is anticipated needs a separate and specific evaluation, addressed
at defining the source(s) of exposure to specific compound(s) and the pertinent exposure
levels.

Most halogenated compounds, as pure chemicals or as more or less broadly defined mix-
tures, are produced as specialties or as chemical intermediates for the preparation of dyes,
pharmaceuticals, pesticides and other higher-added value products. Aliphatic hydrocar-
bons are used as chemical feedstock, industrial process solvents, and formulating solvents
for a variety of paints, inks, resins, varnishes, lacquers, surface coatings, paint removers,
and automotive care products. Like other organic solvents, they are used in cleaning and
degreasing.

Methylene chloride can find use as paint and varnish remover; as propellant for aerosol
sprays; as a solvent and a blowing agent for polymer foams.

Methyl bromide is used as a fumigant insecticide and nematocide in greenhouses, grain
silos etc., as a rodenticide, as a refrigerant, and as a methylation agent in the chemical
industry.

Some poly-halogenated alkyl compounds are of low toxicity but are asphyxiant in confined
spaces; these compounds are often referred to as Freons, a proprietary name commonly
used in a generic sense to indicate highly halogenated volatile or semi-volatile lower-ali-
phatic chemicals, often employed as refrigerating fluids and fire extinguishers. Poly-bromi-
nated aromatic compounds are used in the manufacture of flame-retardant fibres.

Other poly-halogenated aromatic compounds, such as polychlorinated biphenyl and naph-
thalene mixtures were or still are employed as heat-exchange and insulating fluids, due to
their very high chemical stability and dielectric constant (transformer oils).

Chloro- and bromo-benzenes, and chlorotoluene find use mainly as solvents, but also as
intermediates in the synthesis of different kinds of chemicals, in particular agrochemicals
such as herbicides and fungicides.

Trichloroethylene is mainly used as a solvent and as extracting agent and may also be pres-
ent in the formulation of some stain removers. The main use of tetrachloroethylene is for
dry cleaning, textile treatments and metal degreasing.

Vinyl chloride is mainly used in the production of polyvinyl chloride.

Polychlorinated and polybrominated biphenyls have been used in the past as dielectric
fluids in condensers and transformers as lubricant and plasticizers, as well as in the pro-
duction of synthetic rubber and fireproofing materials.

Chloronaphthalenes do not find significant use nowadays but, in the past, they have been
used as insulating fluids in the manufacture of electric condensers, for the insulation of
electric cables, and as additives for extreme pressure lubricants.

Poly-halogenated dioxins and (di)-benzofurans are generated as overheating by-products
of these mixtures as well as trace pollutants of combustion. All these compounds are very
lipid-soluble, are only poorly and slowly degraded by environmental and biological agents
and accumulate in the food chain.
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Some ‘mobile-halogen’ compounds, such as allyl bromide, chloroacetone, bromoacetone,
phenacyl chloride (CN gas, tear gas, Mace), 2-chlorobenzalmalononitrile (CS gas) and other
similar compounds (e.g. alpha-chlorotoluene) with a reactive halogen group are used as
chemical reagents and as lachrymatory riot-control agents.

Hexafluoroacetone (as the ‘hydrate’) is used for the production of hexafluoro-isopropanol
and of polymers for textile coating.

Allyl chloride is used to synthesize epichlorohydrin, which is employed mainly for the man-
ufacture of epoxy resins.

Epoxy-chlorinated compounds such as glycidyl chloride are used as intermediates for the
synthesis of polymer resins.

2,4-dinitrochlorobenzene is used in colour photography processing.

From all the above, it is clear that occupational exposure is possible in several industrial
activities: production of lacquers, inks, paints, varnishes, resins, surface coatings, paint
removers, rubber, plastics, dye-stuff, textile, pharmaceutical, and dry-cleaning industries.

Toxicological profile, main health effects and diagnostic criteria

Short
toxicological
profile

Halogenated aliphatic and aromatic hydrocarbons are absorbed rapidly by contact with the
skin. Inhalation represents a significant source of exposure to the vapours of the most vol-
atile compounds of the group. Distribution is often fast, and targets preferentially lipid-rich
tissues and organs; the more volatile compounds can be rapidly eliminated through the
exhaled air. Biodegradation, biochemical and toxicological interactions, and elimination
of halogenated aliphatic and aromatic hydrocarbons strongly depend on their chemical
structure, and mainly on the chemical nature and stability of the carbon-halogen bond.

In principle, the more chemically reactive is the carbon-halogen bond the more likely the
compound reacts with body water and the nucleophilic functional groups of the molecules
constituting biological structures (i.e., proteins and DNA). These phenomena originate
from chemical reactions classified as nucleophilic substitution. The consequence is often
a more or less specific, permanent and physiologically impairing modification of the bio-
logical activity of those structures: enzymes can be permanently inactivated, DNA bases
can be modified, and small organic molecules can add to carrier proteins and elicit an
immunological response.

Downstream in the physiological mechanisms, the impairment of the activity of inactivated
enzymes can hamper the maintenance of homeostasis in sensitive areas of cell function-
ing. In the mitochondria, substantial damage can interfere with energy metabolism and
trigger cellular apoptosis or necrosis. In the nucleus, a damage of DNA and an impairment
of repair mechanisms can derange cells towards neoplastic transformation.

Aromatic halogen derivatives and halogenated alkenes are bio-processed through
P450-mediated oxidation, mainly occurring in the liver, and originate very reactive inter-
mediates such as the arene oxides of halogenated benzenes and of (poly)chlorinated
ethylene; the most relevant detoxification pathway of mammalian metabolism occurs
through spontaneous or enzyme-catalysed reaction with glutathione, which generates
glutathione thioethers. Further enzymatic processing of glutathione thioethers generates
both the end-products for urinary excretion (the thioethers of N-acetyl-cysteine, or mercap-
turic acids) and some reactive intermediates which can cause somatic toxicity and possibly
neoplastic transformation in the excretory organs, especially in the kidney.

Poly-halogenated aromatic compounds, such as polychloro-biphenyls, -naphtalenes,
-dibenzodioxins, -dibenzofurans, and polybromo-diphenylethers, strongly accumulate in
the fatty tissues of the organism and are very resistant to biological degradation. Their
toxicity mainly occurs through interference with natural signalling mechanisms exerted by
natural steroid and by thyroid hormones (endocrine disruption).

Since its metabolic pathway gives rise to the synthesis of carbon monoxide, exposure to
methylene chloride might bring about an increase of the blood levels of carboxyhaemo-
globin and therefore exacerbate a pre-existing ischaemic heart disease (see item 1.1.16).
Cardiovascular sequelae (e.g. ischaemic heart disease) could be attributed to methylene
chloride exposure only if occurring no later than one month following the acute exposure,
which may be documented by high blood levels of carboxyhemoglobin (COHb) (note
that the proportion of COHb over normal haemoglobin is usually around 1.5% among
non-smokers and 5% among smokers).
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1.1.11 Diseases caused by halogen derivatives of aliphatic or aromatic hydrocarbons

ICD Code T53 +Z57

Name of the diseases and ICD code: Acute diseases caused by halogen derivatives of aliphatic or aromatic
hydrocarbons (Specific disease code) code +T53 +Z57

Respiratory tract irritation (J68), Acute chemical pneumonitis and bronchitis (J68.0), Pulmonary oedema
(J68.1), Upper respiratory inflammation (J68.2), Burns and corrosions of eye and adnexa (T26.0-T26.1,
T26.5-T26.6), Conjunctivitis (H10.2), Keratoconjunctivitis (H16.2), Corneal ulcer (H16.0), Burns and corro-
sions of external body surface (T20-T25), Irritant contact dermatitis (L24)

Short description of the disease

Exposure and contact with some of these compounds may cause severe mucous membrane and skin irritation, as
well as severe toxic burns in some cases. Contact with the respiratory tract may cause chemical pneumonitis and
pulmonary oedema especially if chloroacetone, bromoacetone, hexafluoroacetone, alpha-chlorotoluene, allyl chlo-
ride, methylene chloride, and methyl bromide are involved. These substances can also be absorbed by inhalation,
skin absorption and by ingestion. On evaporation, a harmful level of air contamination can be reached quickly at
20°C and much faster on spraying. The above effects can be caused by:

+ Halogenated aliphatic hydrocarbons with poor chemical reactivity (e.g. halogenated olefins).

+ Halogenated aliphatic hydrocarbons with strong hydrolytic chemical reactivity (e.g. methyl bromide, methyl
iodide, chloroacetone, bromoacetone, hexafluoroacetone, benzyl bromide, phenacyl bromide).

+ Halogenated activated benzene derivatives (e.g. chlorodinitrobenzene, picryl chloride).

+ Halogenated derivatives of benzene and of simple olefins (e.g. chlorobenzene, alpha-chlorotoluene, dichlo-
robenzene isomers; mono and dichlorinated phenols; mono and dichlorinated naphtalenes, naphtols and
chlorinated quinones; vinyl chloride; trichloroethylene and tetrachloroethylene; hexachlorobutadiene).

+ Halogenated derivatives of biphenyls (e.g. polychlorinated biphenyls, dibenzofurans and dibenzodioxins).

Methyl bromide can cause pulmonary oedema, usually after a latency period of 2 - 48 hours. Methyl bromide
gas can penetrate clothing and this, as well as its liquid phase, causes skin irritation, erythema, superficial burns,
multiple vesicles, and bullae.

Short-term exposure to allyl chloride can cause delayed toxic effects on the eye, resulting in irreversible impairment
of vision. Inhalation exposure to methylene chloride can result in pulmonary oedema and coma. Chloroacetone is
a potent lacrimatory and irritant agent: a concentration of 0.018 mg/L is sufficient to produce lacrimation, and a
concentration of 0.11 mg/L will normally not be tolerated for more than 1 min.

Diagnostic criteria

Clinical manifestations

* Signs and symptoms:

- Irritation of the skin: redness, erythema with blisters, up to severe burns. For further details on irritant
contact dermatitis, refer to item 2.2.2.

- Cough and dyspnoea related to respiratory tract irritation; pulmonary oedema can occur.
- Profuse lacrimation, ocular burning and conjunctivitis, in case of contact with eyes and adnexa.
+ Examinations:
- Physical examination of the eyes and skin may reveal inflammation.
- Chest X-rays may reveal signs of pneumonitis, bronchitis and pulmonary oedema.
- Pulmonary function tests may reveal obstruction.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to halogen derivatives of aliphatic
or aromatic hydrocarbons via inhalation, skin and eye contact and, when available, workplace air and
biological monitoring.

+ Minimum duration of exposure: few seconds for irritant effects; minutes for more severe burns and corro-
sions; several days for irritant contact dermatitis.

+ Maximum latent period: 48 hours.
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Narcotic syndrome consequent to acute systemic poisoning by halogenated derivatives of aliphatic or
alicyclic hydrocarbons: methylene chloride (T53.4), trichloroethylene (T53.2), tetrachloroethylene (T53.3),
vinyl chloride monomer (T59.8, X46, X47, Y16) chloroacetone (T59.3, X47, Y17), bromoacetone (T59.3),
hexafluoroacetone (T53.6), halogenated derivatives of benzene (T53.7)

Short description of the disease

Exposure to halogenated compounds can cause a narcotic syndrome. Severe narcotic syndromes may have cardio-
vascular and neurological sequelae. Anaesthetic effects can be observed in case of exposure to trichloromethane,
trichloroethylene, 1-chloro-2,2,2-trifluoroethyl difluoromethyl ether (isoflurane). In case of severe acute exposure,
there is always the danger of death from respiratory failure or cardiac arrest, due to the increased heart suscepti-
bility to catecholamines, which is exerted by most halogenated aliphatic hydrocarbons.

Diagnostic criteria

Clinical manifestations

Headache, vertigo, nausea, weakness, drowsiness, confusion, loss of consciousness and, sometimes, coma can
be observed. Usually, specific symptoms correspond to specific air concentrations of compounds, such as the
following:

+ Exposures exceeding 300 ppm of methylene chloride can usually cause dizziness in some minutes.

+ For trichloroethanol, 20 ppm usually correspond to the odour perceptibility threshold, 110 ppm to an
increase in reaction time, more than 1,200 ppm can cause pre-narcosis in few minutes, and about 2,500 ppm
are able to cause rapid onset of narcosis.

+ For tetrachloroethylene, exposure at concentrations in the order of 100 ppm tends to cause slight smell at
first and, after some hours, dizziness and headache.

Exposure assessment

+ History of occupational exposure: evidence of occupational exposure to halogen compounds such as meth-
ylene chloride, trichloroethylene, tetrachloroethylene, and vinyl chloride monomer. When available, work-
place air monitoring and determination of the compounds or their metabolites in biological fluids (such as
blood dichloromethane concentration and carboxyhaemoglobin for methylene chloride).

+ Minimum duration of exposure: few minutes.
* Maximum latent period: 24 hours.

Acute neurological syndrome (T59.8, T60.8, X47, X48, Y17), Acute toxic encephalopathy (G92, T60.8), Toxic
optic neuropathy (H46)

Short description of the disease

Intense acute exposure to some compounds of the group (e.g. methyl chloride, methyl bromide, and allyl chloride)
can result in acute effects on the central nervous system, which can be mild to severe, and include memory loss,
fatigue, depression, involuntary movements, difficulty in concentration, personality changes, increased irritability,
impairment of vision, seizures, and unconsciousness.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: headache, vertigo, sleepiness, confusion, blurred vision, nausea and vomiting. For
higher exposures, neuropsychiatric symptoms, seizures, convulsions, fever, and cyanosis may be observed,
followed by fatality in the most severe cases.

+ Examinations: neuropsychological assessment may show neurobehavioral impairment and should be con-
ducted through the use of tests addressed at exploring verbal and visual memory, attention, psychomotor
speed, visual analysis, construction and abstraction ability, and primary intellectual ability.

Exposure assessment

*+ History of occupational exposure: confirmed high occupational exposure to halogenated derivatives via
inhalation or skin contact and, if available, biological monitoring and workplace air monitoring.

* Minimum duration of exposure: few minutes.
+ Maximum latent period: 24 hours.
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Toxic liver disease (K71.9)

Short description of the disease

Acute inhalation of high concentrations of tetrachloroethylene, methyl bromide, methyl chloride, trichloroeth-
ylene, alpha-chlorotoluene, allyl chloride, or prolonged or repeated exposure to these compounds and other halo-
genated derivatives of the aromatic hydrocarbons (PCB, PBB, hexachloronaphthalene) can cause liver impairment
and damage. Liver toxicity caused by these compounds includes acute toxic hepatitis, and acute hepatic failure.
Mild to moderate hepatic parenchymal changes can occur such as fatty liver, liver fibrosis and centrilobular necro-
sis. Liver impairment caused by halogenated derivatives of naphthalene ranges from reversible and functional
disorders to acute liver atrophy.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: pain in the liver/spleen area, hepatomegaly and splenomegaly.
+ Examinations:

- Serum direct-reacting bilirubin, transaminases and alkaline phosphatase may be elevated; low or moder-
ate levels of ethylene dichloride can be associated with raised serum AST and ALT or GGT (current expo-
sure).

- Ultrasound scan shows mild to moderate hepatic parenchymal changes, including steatosis.

- Liver biopsy: a variety of liver histological changes may be present, including steatosis (fatty liver), lobular
inflammation, balloon degeneration of hepatocytes and Mallory bodies, with or without fibrosis.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of liquid, vapours
or aerosols of halogen derivatives of aromatic (alpha-chlorotoluene), aliphatic or acyclic hydrocarbons or
prolonged exposure to these compounds, PCB, PBB and hexachloronaphthalene by inhalation, skin and
eyes contact and, when available, workplace air and biological monitoring.

+ Minimum duration of exposure: six weeks for halogenated derivatives of biphenyls (e.g. PCB, PBB); a few
months for halogenated derivatives of naphthalene (e.g. hexachloronaphthalene).

+ Maximum latent period: six months for halogenated derivatives of biphenyls and of naphthalene.

Name of the diseases and ICD code: Chronic diseases caused by halogen derivatives of aliphatic or aromatic
hydrocarbons (Specific disease code) +T53 +Z57

Chloracne (L70.8)

Short description of the disease

Acute, repeated or prolonged exposure to polychlorinated biphenyls, naphthalenes and dibenzodioxins (e.g.
2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD]) through skin contact may cause an acne-like eruption of pustules,
blackheads and cysts known as chloracne. Chemicals that cause chloracne have two benzene rings in a planar
orientation with halogen atoms laterally positioned; the induction of aryl hydrocarbon hydroxylase is associated
with chloracnegenic activity. The disease is extremely persistent and in some cases may last for decades after
cessation of exposure.

Diagnostic criteria

Clinical manifestations

+ The appearances are of small straw-coloured cysts and closed comedones. In more severe cases, inflamma-
tory lesions with larger cysts, abscesses and follicular hyperkeratosis can be observed.

* The lesions are distributed over the malar areas and posterior ears; typically, the nose is spared. The neck,
shoulders, chest, back, gluteal region and scrotum may be involved. Hyperpigmentation of the face may also
be a feature.

+ The eye can often be affected with conjunctivitis and meibomian gland lesions.
Exposure assessment

+ History of occupational exposure: evidence of occupational exposure to some halogenated compounds,
such as polychlorinated biphenyls, naphthalenes and dibenzodioxins and, when available, workplace air
monitoring and detection of compounds or their derivatives in biological fluids.

* Minimum duration of exposure: few weeks.
+ Maximum latent period: four weeks.
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Effects on endocrine, immune, nervous, and reproductive systems following exposure to derivatives of
biphenyls (T53.7, T65.8, X46, X49, Y16, Y19)

Short description of the disease

In addition to the abovementioned effects on the skin, exposure to halogenated derivatives of biphenyls may
cause endocrinological alterations and immunosuppressive changes; reproductive and developmental effects and
nonspecific neurological and psychological effects have been reported.

Diagnostic criteria

Clinical manifestations

+ Endocrine system: thyroid function changes.
« Immune system: increased infection rates and alterations in circulating lymphocyte populations.
* Nervous system: fatigue, headache, depression, sleep disturbances, memory loss.

+ Reproductive system: impaired sperm motility or foetal growth, and lower birthweight have been docu-
mented.

Exposure assessment

+ History of occupational exposure: confirmed repeated or prolonged occupational exposure to polychlo-
rinated biphenyls (PCB) or polybrominated biphenyls and, when available, workplace air monitoring and
detection of compounds or their derivatives in biological fluids, such as plasma levels of PCB, especially con-
geners 28 (2,4,4-Trichlorobiphenyl), 52 (2,2',5,5-Tetrachlorobiphenyl), 101 (2,2',4,5,5-Pentachlorobiphenyl),
138 (2,2',3,4,4,5-Hexachlorobipheny), 153 (2,2',4,4',5,5-Hexachlorobiphenyl), and 180 (2,2',3,4,4',5,5-Hepta-
chlorobiphenyl).

* Minimum duration of exposure: six weeks.

+ Maximum latent period: data from environmental disasters suggest about two-three months for reversible
effects; data on other potential long-term effects following low-level exposure to PCB still need further vali-
dation. Neurobehavioral and developmental deficits reported in newborns exposed to PCB in utero could be
persistent, and maximum latent period could be not applicable.

Chronic toxic encephalopathy (G92), Toxic optic neuropathy (H47.0), Ototoxic hearing loss (H91.0)

Short description of the disease

Repeated or prolonged exposure to methylene chloride, trichloroethylene, tetrachloroethylene, methyl bromide,
and allyl chloride can affect the central nervous system and cause a chronic toxic encephalopathy. In subjects
exposed to high concentrations of tetrachloroethylene, impairments in visual reproduction and memory have been
reported. Chronic exposure to methyl bromide in lower concentrations can result in nervous system involvement.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: visual disturbances (such as blurred vision and loss of colour vision), cortical deaf-
ness, motor impairment, mental confusion, psychiatric disturbances and tremor, which may be permanent
effects.

+ Examinations: neuropsychological assessment may show neurobehavioral impairment; pure tone audiome-
try may document sensorineural hearing loss; ophthalmoscopy may show visual loss.

Exposure assessment

+ History of occupational exposure: evidence of prolonged or repeated occupational exposure to halogenated
derivatives of the aliphatic or alicyclic hydrocarbons and, when available, workplace air monitoring and
detection of compounds or their derivatives in biological fluids.

* Minimum duration of exposure: 10 years.
+ Maximum latent period: not applicable.

Effects on the peripheral nervous system (G62.2)

Short description of the disease

Prolonged or repeated exposure to some halogen derivatives of aliphatic hydrocarbons (e.g. allyl chloride, methyl
bromide) may have effects on the peripheral nervous system, resulting in numbness and sensorimotor polyneu-
ropathy of arms and legs. Toxicity of allyl chloride to the liver and kidney generally overshadows any neurotoxicity,
but outbreaks of polyneuropathy are reported in groups of subjects without liver and kidney dysfunction.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: symptoms of sensorimotor polyneuropathy are commonly felt bilaterally, starting
from the toes, and include numbness, pain, tingling, burning or abnormal feeling. Affected subjects experi-
ence weakness of the arms, face or legs. All these sensations can affect any part of the body.

* Examinations:
- Neurological examination may show diminished reflexes.
- Electroneurography may show variable levels of neuropathy.
- Electromyography may show picture of second neuron syndrome.
Exposure assessment

+ History of occupational exposure: evidence of prolonged or repeated occupational exposure to some hal-
ogen derivatives of aliphatic hydrocarbons (e.g. allyl chloride, methyl bromide) and, when available, work-
place air monitoring and detection of compounds or their derivatives in biological fluids.

+ Minimum duration of exposure: one month.
* Maximum latent period: six months.

Injury of trigeminal nerve (S04.3)

Short description of the disease

Prolonged or repeated exposure to trichloroethylene can cause damage to the 5th cranial nerve (trigeminal), which
results in hypoaesthesia and paraesthesia of the corresponding innervated area.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: reduction or loss of facial sensations, jaw movements and corneal reflex.
+ Examinations: alterations at sensory evoked potentials testing can be found.
Exposure assessment

+ History of occupational exposure: evidence of prolonged or repeated exposure to trichloroethylene and,
when available, workplace air monitoring and detection of the compound or its metabolites in biological
fluids, such as blood trichloroethanol and urinary trichloroacetic acid.

* Minimum duration of exposure: several years.
+ Maximum latent period: effects are usually observed during exposure.

Raynaud’s phenomenon in the hands and feet (173.0), Acro-osteolysis in the terminal phalanges of the
hands and feet (M89.5), Distal skin disorders (scleroderma-like syndrome) (L94.8)

Short description of the disease

Repeated or prolonged exposure to high vinyl chloride concentrations can be associated with specific findings in
the skin and bones, which include acro-osteolysis accompanied by scleroderma-like changes in the fingers and
peripheral circulatory changes like Raynaud's disease. This set of symptoms is also known as “vinyl chloride dis-
ease”. Some evidence suggests genetic susceptibility as a possible reason for the variability characterizing the
clinical picture.

Diagnostic criteria

Clinical manifestations

+ Raynaud’s disease: features are identical to primary Raynaud’s as well as to the Raynaud’s disease caused by
vibrations, thus including paroxysmal bilateral digital pallor and cyanosis followed by rubor (i.e., redness of
the skin), usually precipitated by cold or emotional stress, and relieved by warmth. Cold testing may reveal
Raynaud's phenomenon.

+ Acro-osteolysis is associated with joint and muscle pain and may be accompanied by angioneurotic disor-
ders. X-rays may show loss of structure from bones, caused by the decalcification of the terminal phalanges
of the hands and feet, which may be reversible after cessation of exposure. Nailfold capillaroscopy is recom-
mended to exclude angiopathic disorders.

+ Scleroderma-like syndrome is characterized by smooth, shiny skin, in some cases accompanied by arthralgia
and myalgia. Typical skin changes are thickening, decreased elasticity, and slight oedema. Skin biopsy can

support the diagnosis.
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Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to vinyl chloride
and, if available, workplace air monitoring.

* Minimum duration of exposure: one year.
+ Maximum latent period: five years.

Liver fibrosis with portal hypertension (K74.0, +K76.6)

Short description of the disease

Chronic exposure to vinyl chloride monomer (VCM) can cause a typical liver impairment consisting in non-cirrhotic
hepatic periportal fibrosis, hepatosplenomegaly, non-cirrhotic portal hypertension, peliosis hepatis (rarely), angio-
sarcoma (an extremely rare disease) and hepatocellular carcinoma. Both vinyl chloride and its metabolites produce
hyperplasia of mesenchymal sinusoidal lining cells in the liver and spleen and hyperplasia of hepatocytes. Hepatic
stellate cell activation results in fibrosis and the end result is splenomegaly and portal hypertension.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: hepatomegaly and splenomegaly. Non-cirrhotic portal hypertension usually presents
with bleeding from gastric or oesophageal varices.

+ Examinations: seldomly, hepatic function enzymes show changes; liver biopsy may show fibrosis.
Exposure assessment

+ History of occupational exposure: confirmed occupational prolonged exposure to VCM by inhalation, or skin/
eyes contact and, when available, workplace air and biological monitoring. Effects are unlikely at vinyl chlo-
ride air concentration below 130 mg/m3 (50 ppm) and the risk of portal fibrosis is high for exposures at least
as high as 200 ppm.

* Minimum duration of exposure: one year.
« Maximum latent period: 30 years.

Renal failure with tubular necrosis (N17.0), Chronic renal failure (N18.9)

Short description of the disease

Acute or prolonged exposure to trichloroethylene, tetrachloroethylene, allyl chloride, alpha-chlorotoluene, methyl
chloride, or methyl bromide may cause renal failure.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- When present, symptoms are often due to uraemia, which can cause nausea, vomiting, malaise, and
altered sensorium.

- In chronic, more insidious onset, general symptoms of uraemia may include fatigue and weakness,
anorexia, nausea, vomiting, and a metallic taste in the mouth are common. Other features may include
irritability, memory impairment, insomnia, restless legs, paresthaesias. Twitching and generalized pruri-
tus without rash may occur. Decreased libido and menstrual irregularities are common, as well as hyper-
tension and altered fluid homeostasis.

* Examinations:

- Serum creatine concentration is usually increased and creatinine clearance reduced.

- At the beginning of the disease, presence in the urine of low molecular weight proteins such as beta-2-
microglobulin and retinol binding proteins can be detected (tubular proteinuria), as well as N-acetylglu-
cosaminidase (NAG) and gamma-glutamyl transpeptidase (GGT) (enzymuria).

- When the disease progresses, red blood cells, white blood cells, tubular epithelial cells and albumin can
be found in urine while high circulating anti-laminin antibodies are detected in serum; anaemia can also
occur.

- Ultrasound evaluation may show different levels of renal atrophy.

- Renal biopsy may uncover a histopathological picture of glomerulonephritis.
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Exposure assessment

+ History of occupational exposure: confirmed acute, prolonged or repeated occupational exposure to halo-
gen derivatives of aromatic, aliphatic or alicyclic hydrocarbons and, when possible, biological and workplace
air monitoring.

+ Minimum duration of exposure: one year.
* Maximum latent period: two years.

Chemical porphyria (E80.1)

Hexachlorobenzene poisoning (mostly following accidental ingestion) can cause acquired porphyria cutanea tarda
with disturbances in porphyrin metabolism, dermatological lesions, hyperpigmentation, hypertrichosis, enlarged
liver, thyroid gland and lymph nodes, osteoporosis, and arthritis.

Name of the diseases and ICD code: Carcinogenic effects of halogen derivatives of aliphatic and aromatic
hydrocarbons (Specific disease code) +T53 +Z57

Liver angiosarcoma (C22.3), Hepatocellular carcinoma (C22.0)

Exposure to vinyl chloride can cause liver angiosarcoma and hepatocellular carcinoma. IARC has classified vinyl
chloride as carcinogenic to humans and allocated it in Group 1. For further details, refer to item 3.1.7.

Kidney cancer (C64)

There is sufficient evidence in humans for the carcinogenicity of trichloroethylene in causing cancer of the kidney.
Trichloroethylene has been classified as carcinogenic to humans by the IARC (Group 1). Kidney, or renal cancer
refers to any type of cancer that involves the kidney, and mainly originates in two parts of the kidney, the renal
tubule and the renal pelvis.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: kidney cancer rarely shows signs or symptoms in its early stages. In the later stages
nonspecific symptoms can appear: blood in urine, nonspecific back pain, loss of appetite, unexplained
weight loss, tiredness, intermittent mild fever, lump or mass in the side or the abdomen.

+ Examinations: currently there are no routine tests used to screen for kidney cancer in the absence of symp-
toms. Physical examination, urine tests, CT and magnetic resonance imaging (MRI) of kidney tissue, and
ultrasound could be performed in case of suspected diagnosis and for staging.

Exposure assessment

+ History of occupational exposure: confirmed acute, prolonged or repeated occupational exposure to trichlo-
roethylene and, when possible, biological and workplace air monitoring.

« Minimum duration of exposure: kidney cancer can possibly develop in people with a short exposure
duration.

* Maximum latent period: not applicable.

Melanoma (C43)

Exposure to polychlorinated biphenyls (PCB) can cause malignant melanoma. PCB have been thus classified as
carcinogenic to humans (Group 1) by the IARC. This tumour originates in the pigment-producing melanocytes in
the basal layer of the epidermis. The first signs can appear as one or more atypical moles.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: diagnostic suspect can arise from the evaluation of a new or pre-existing mole with
the following characteristics: asymmetry, irregular borders, colour that tends to be very dark, and diameter
usually = 6 mm. Occasionally, bleeding, itching or crusting can be observed.

+ Examinations: a complete excisional biopsy of a suggestive lesion or re-excision after biopsy permits his-

tologic examination to confirm the diagnosis. Characteristic histologic findings include: cytologic atypia,
numerous mitotic figures, upward growth of the melanocytes.
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Exposure assessment

+ History of occupational exposure: confirmed acute, prolonged or repeated occupational exposure to PCB
and, when possible, biological and workplace air monitoring.

« Minimum duration of exposure: melanoma has been observed in people with a short exposure
duration.

* Maximum latent period: not applicable.

Key actions for The popularity of halogenated organic solvents in technological applications such as
prevention degreasing, dissolution of materials, and dispersion of resins and pigments, strongly
depends on their good solvent power, their appreciable volatility and their poor flam-
mability. However, due to their toxicity (and sometimes carcinogenicity), as well as their
unfavourable environmental characteristics (poor degradation, ozone depletion, and
greenhouse effect), there is a pressure to substitute them with non-halogenated solvents
with poor flammability, substantially less toxicity, and environmental friendliness, such as
with hydrocarbon ethers and glycol-ethers.

When chlorinated hydrocarbons are used as process solvents in the chemical industry or in
technological processes, source encapsulation is commonplace and, as such, this helps to
mitigate workers' exposure. The use of personal protective devices helps to further reduce
unnecessary exposure when production processes do not allow source encapsulation,
such as in degreasing. Exposure limits for the most common industrial solvents should
be enforced and analytical methods be established for routine measurement of exposure
through workplace and biological monitoring.

Waste management of spent chlorinated solvents is mandatory in most countries due
to the high environmental toxicity and usually poor degradation of the mixtures. Solvent
recycling by fractional distillation may be economically convenient when compared to the
cost of disposal by thermal destruction, which needs to be carried out in dedicated facili-
ties, due to the easy formation of persistent pollutants such as chlorinated dioxins when
conditions are not appropriate. Pregnant workers should avoid occupational exposure to
methylene chloride.

The use of the most dangerous compounds among halogenated aliphatic hydrocarbons
should be avoided entirely. Where it is technically feasible, they should be replaced by less
harmful substances. For example, as far as practicable, less hazardous substances should
be used instead of bromomethane in refrigeration and as fire extinguishers. In addition to
the prudent safety and health measures applicable to volatile chemicals of similar toxicity,
it should also be recalled that only some among the series of halogenated aliphatic hydro-
carbons are not flammable and not explosive. Some of them do not support combustion
and are used as fire extinguishers. In contrast other members of the series are flamma-
ble, in some instances even highly flammable (for example, 2-chloropropane), and form
explosive mixtures with air. Besides, in the presence of oxygen, violently explosive peroxide
compounds may arise from some unsaturated members (for example, dichloroethylene)
even at very low temperatures. Toxicologically dangerous compounds may be formed by
thermal decomposition of halogenated hydrocarbons.

The effectiveness of engineering and hygiene measures for prevention should be con-
firmed by periodic health examinations and complementary laboratory tests aimed at the
target organs, in particular the liver and kidneys.

Safety and health measures for halogenated aromatic hydrocarbons are similar to those
for solvents. In general, skin contact and vapour inhalation should be minimized. The
manufacturing process should be enclosed as completely as possible. Effective ventila-
tion should be provided together with local exhaust equipment at the main sources of
exposure. Personal protective equipment should include appropriate respirators, eye and
face protection as well as hand and arm protection. Work clothes should be frequently
inspected and laundered. Good personal hygiene, including a daily shower, is important
for workers handling chloronaphthalenes. For some of the agents, such as benzyl chloride,
periodic medical examinations should be carried out.

As regard PCB, their concentration in the work environment should be controlled periodi-
cally in order to check the efficacy of preventive measures in keeping these concentrations
at recommended levels. The surveys should be repeated within 30 days of any change in
the technological process likely to increase the occupational exposure to PCB.
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Key actions for
prevention

ICD Code T53 +Z57

If PCB leak or are spilled, the personnel should be evacuated from the area immediately.
Emergency exits should be clearly marked. Instructions with regard to emergency proce-
dures appropriate to the specific features of the plant technology should be implemented.
Only personnel trained in emergency procedures and adequately equipped should enter
the area. The duties of the emergency personnel are to repair leaks, clean up spills (dry
sand or earth should be spread on the leak or spill area) and fight fires.

Workers should be informed of the adverse health effects caused by occupational expo-
sure to PCB, as well as on their carcinogenicity and potential reproductive toxicity. Pregnant
workers should be aware that PCB may endanger the health of worker and foetus, due to
the placental transfer of PCB and their foetotoxicity and provided options for other work
during pregnancy and lactation. It is also important to recall that high amounts of PCB are
excreted with milk (the quantity of PCB transferred to the infant by milk is higher than that
transferred by the placenta).

Access to PCB work areas should be limited to authorized personnel. These workers should
be provided with suitable protective clothing: long-sleeved overalls, boots, overshoes and
bib-type aprons that cover the boot tops. Gloves are needed to reduce skin absorption
during special tasks. The bare-handed handling of cold or heated PCB materials should
be forbidden (the quantity of PCB absorbed through the intact skin may equal or exceed
that absorbed by inhalation). Clean working clothes should be provided daily (they should
be periodically inspected for defects). Safety glasses with side shields should be worn
for eye protection. Respirators (meeting legal/technical requirements) should be used in
areas with PCB vapours and during installation and repair of containers and emergency
activities, when the air concentration of PCB is unknown or is likely to exceed occupational
exposure limits (the respirators must be cleaned after use and properly stored). Ventilation
will prevent accumulation of vapours.

The workers should wash their hands before eating, drinking, smoking and so on, and
refrain from such activities in the polluted rooms. Street clothes should be stored during
the work shift in separate lockers. These clothes should be put on at the end of the working
day only after a shower bath. Showers, eyewash fountains and washroom facilities should
be readily accessible to the workers.

Periodic clinical examination of workers (at least annually) with special emphasis upon skin
disorders, liver function and reproductive history is recommended.
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Name Synonyms ICSC
1,2-Dibromo-3-chloropropane 3-Chloro-1,2-dibromopropane; DBCP; 1-Chloro-2,3-dibromopropane 0002
Phosgene Carbonyl chloride; Chloroformyl chloride 0007
Allyl chloride 3-Chloro-1-propene; 3-Chloropropylene; Chloroallylene 0010
Benzyl chloride alpha-Chlorotoluene; (Chloromethyl)benzene; Tolyl chloride 0016
Carbon tetrachloride Tetrachloromethane; Tetrachlorocarbon 0024
Chloroform Trichloromethane; Methane trichloride Formyl trichloride 0027
2-Chloro-1-nitrobenzene o-Chloronitrobenzene; o-Nitrochlorobenzene; 1-Chloro-2- 0028
nitrobenzene
Epichlorohydrin 1-Chloro-2,3-epoxypropane; gamma-Chloropropylene oxide; 0043
2-(Chloromethyl)oxirane
Ethylene dibromide 1,2-Dibromoethane; EDB 0045
Trichlorofluoromethane Trichloromonofluoromethane; Fluorotrichloromethane; CFC 11; R 11 | 0047
Dichlorodifluoromethane Difluorodichloromethane; R 12; CFC 12 0048
Chlorodifluoromethane Monochlorodifluoromethane; Methane, chlorodifluoro-; HCFC 22; = 0049
R22
1,1,2-Trichloro-1,2,2- Trichlorotrifluoroethane; CFC 113; R 113 0050
trifluoroethane
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Name Synonyms ICSC
Hexachloroethane Perchloroethane; Carbon hexachloride 0051
Lindane gamma-1,2,3,4,5,6-Hexachlorocyclohexane; gamma-BHC; 0053
gamma-HCH
Dichloromethane Methylene chloride; DCM 0058
1,1,1-Trichloroethane Methyl chloroform; Methyltrichloromethane; alpha-Trichlo- 0079
roethane
Trichloroethylene 1,1,2-Trichloroethylene; Trichloroethene; Ethylene trichloride; 0081
Acetylene trichloride
Vinyl chloride Chloroethene; Chloroethylene; VCM 0082
Vinylidene chloride 1,1-Dichloroethene; 1,1-Dichloroethylene; VDC 0083
Benzal chloride Dichloromethyl benzene; Benzylidene chloride; alpha, alpha-Di- 0101
chlorotoluene; Benzyl dichloride
Bromoform Tribromomethane; Methenyl tribromide 0108
Methyl bromide Bromomethane; Monobromomethane 0109
2-Chloroacetophenone 2-Chloro-1-phenylethanone; alpha-Chloroacetophenone; Phenacyl = 0128
chloride
2-Chloroaniline 2-Chloroaminobenzene; 1-Amino-2-chlorobenzene; Fast yellow GC | 0129
base; o-Chloroaniline
1-Chloroethane Ethyl chloride; Monochloroethane 0132
Chloroprene 2-Chloro-1,3-butadiene; 2-Chlorobutadiene; beta-Chloroprene 0133
Cyanogen bromide Bromine cyanide; Cyanobromide; Bromocyan 0136
3,4-Dichloroaniline 1-Amino-3,4-dichlorobenzene; 3,4-Dichlorobenzenamine 0144
m-Chlorophenol 3-Chlorophenol; 3-Chloro-1-hydroxybenzene; 0150
3-Hydroxychlorobenzene
Hexachlorophene 2,2'-Methylenebis(3,4,6-trichlorophenol); HCP 0161
Acetyl chloride Acetic chloride; Ethanoyl chloride; Acetic acid chloride 0210
Chloroacetic acid Chloroethanoic acid; Monochloroacetic acid; MCA 0235
2-Chloroethanol 2-Chloroethyl alcohol; Ethylene chlorohydrin; Glycol chlorohydrin 0236
Bis(Chloromethyl) ether BCME; sym-Dichloromethyl ether; 1,1"-Dichlorodimethyl ether; 0237
Oxybis(chloromethane); Chloro(chloromethoxy)methane
Chloromethyl methyl ether Dimethylchloro ether; Chloromethoxymethane 0238
1,1-Dichloroethane Ethane, 1,1-dichloro-; Ethylidene chloride 0249
1,2-Dichloroethane Ethylene dichloride; 1,2-Ethylene dichloride; Ethane dichloride 0250
2,3-Dichloro-1-nitrobenzene 2,3-Dichloronitrobenzene; 1,2-Dichloro-3-nitrobenzene 0251
1,3-Dichloro-4-nitrobenzene 2,4-Dichloro-1-nitrobenzene 0252
1,3-Dichloro-2-nitrobenzene 2,6-Dichloronitrobenzene 0253
1,2-Dichloro-4-nitrobenzene 3,4-Dichloronitrobenzene DCNB 0254
Fluoroacetic acid alpha-Fluoroacetic acid; Monofluoroacetic acid; FAA 0274
Halothane 2-Bromo-2-chloro-1,1,1-trifluoroethane; 1-Bromo-1-chloro-2,2,2- 0277
trifluoroethane
Isobutyl chloride 1-Chloro-2-methylpropane 0286
Isopropyl chloroformate Isopropyl chlorocarbonate; Chloroformic acid, isopropyl ester 0287
Carbonochloridic acid; 1-methylethyl ester; Isopropyl
chloromethanate
Methyldichlorosilane Dichloromethylsilane; Monomethyldichlorosilane 0297
Methyltrichlorosilane Trichloromethylsilane 0301
1,1,2,2-Tetrachloroethane Acetylene tetrachloride; sym-Tetrachloroethane 1,1-Dichloro-2- 0332
2,dichloroethane
Dibromomethane Methylene bromide; Methylene dibromide 0354
Acetyl bromide Ethanoyl bromide 0365
Alachlor 2-Chloro-2',6'-diethyl-N-(methoxymethyl)acetanilide 0371
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Name Synonyms ICSC
Bromochloromethane Chlorobromomethane; Methylene chlorobromide 0392
Bromodichloromethane Dichlorobromomethane; Methane, bromodichloro- 0393
2-Bromo-2-nitro-1,3- &-Bromo-&-nitrotrimethyleneglycol 0415
propanediol
1-Chloro-2,4-dinitrobenzene 1,3-Dinitro-4-chlorobenzene; 2,4-Dinitrophenyl chloride; DNCB 0416
Bis(2-chloroethyl) ether Dichloroethyl ether 2,2'-Dichloroethyl ether; 1,1'-Oxybis(2-chloro) 0417
ethane; sym-Dichloroethyl; ether Diethylene glycol dichloride
Sulfur mustard HD; Mustard gas Bis(2-chloroethyl)sulphide; 1,1'-Thiobis(2- 0418
chloroethane)
Methyl chloride Chloromethane, Monochloromethane 0419
Chlorotrifluoromethane CFC 13; Monochlorotrifluoromethane; Trifluoromethyl chloride 0420
1,1-Dichloro-1-nitroethane Ethane, 1,1-dichloro-1-nitro- 0434
Dichloroisopropyl ether Bis(2-chloro-1-methylethyl) ether; 2,2'-Oxybis(1-chloropropane); 0435
Dichlorodiisopropyl ether
1,2-Dichloroethylene 1,2-Dichloroethene; Acetylene dichloride symmetrical; 0436
Dichloroethylene
Sodium dichloroisocyanurate Dichloro-s-triazine-2,4,6-trione; sodium salt 0437
1,2-Dichloropropane Propylene dichloride 0441
Diethylthiophosphoryl chloride = Phosphorochloridothioic acid; O,0-diethylester; Diethyl 0448
chlorothiophosphate; Diethyl phosphochloridothionate
Carbon tetrabromide Tetrabromomethane 0474
Ethyl iodide Iodoethane; Ethane iodide; Monoiodoethane 0479
Sodium fluoroacetate Sodium fluoroacetic acid; Fluoroacetic acid, sodium salt 0484
Hexachlorocyclohexane (mixed | 1,2,3,4,5,6-Hexachlorocyclohexane (mixed isomers); BHC/HCH 0487
isomers) (mixture of isomers); 1,2,3,4,5,6-Benzenehexachloride (mixed
isomers)
Methyl iodide Iodomethane 0509
Tetrafluoromethane Carbon tetrafluoride; Freon 14; Halon 14 0575
Trifluoromethane Carbon trifluoride Fluoroform R 23 Methyl trifluoride 0577
2,3,5-Trichlorophenol Phenol, 2,3,5-trichloro-; 1-Hydroxy-2,3,5-trichlorobenzene 0589
2,3,6-Trichlorophenol Phenol, 2,3,6-trichloro-; 1-Hydroxy-2,3,6-trichlorobenzene 0590
Vinyl bromide Bromoethene; Bromoethylene; Monobromoethylene 0597
Vinyl fluoride Fluoroethene; Fluoroethylene 0598
2-Amino-5-chlorotoluene 4-Chloro-o-toluidine; 4-Chloro-2-methylaniline 0630
Carbonyl fluoride Carbon oxyfluoride; Carbon difluoride oxide; 0633
Difluoroformaldehyde; Fluorophosgene
Bromochlorodifluoromethane Freon 12; B 1; R 12; B 1; Halon 1211 0635
2-Chloroacetamide alpha-Chloroacetamide; Chloroacetamide; 2-Chloroethanamide 0640
Chlorobenzene Benzene chloride; Chlorobenzol; Phenyl chloride 0642
Chlorodifluoroethane 1-Chloro-1,1-difluoroethane; HCFC 142 b 0643
2-Chloropropionic acid Propanoic acid, 2-chloro-; 2-Chloropropanoic acid; alpha-Chloro- 0644
propionic acid
Dichlorotetrafluoroethane 1,2-Dichloro-1,1,2,2-tetrafluoroethane; CFC114 0649
Chlorine trifluoride Chlorine fluoride; Chlorotrifluoride 0656
1,2,4,5-Tetrachlorobenzene Benzene tetrachloride; s-Tetrachlorobenzene 0676
1,2,3-Trichloropropane Glycerol trichlorohydrin; Allyl trichloride 0683
Trifluorochloroethylene Chlorotrifluoroethylene; Trifluorovinyl chloride 0685
Vinylidene fluoride 1,1-Difluoroethylene 1,1-Difluoroethene; R11323; Vinylidene 0687
difluoride
Cyclophosphamide 2-Bis(2-chloroethyl)amino; N,N-Bis(2-chloroethyl)tetrahy- 0689

dro-2H-1,3,2-oxazaphosphorin-2-amine 2-oxide
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Name Synonyms ICSC

1-Chlorobutane n-Butyl chloride; n-Propylcarbinyl chloride 0703

Chloroacetaldehyde 2-Chloroacetaldehyde; 2-Chloro-1-ethanal; 0706
Monochloroacetaldehyde

1-Chloro-3,4-dinitrobenzene 1,2-Dinitro-4-chlorobenzene 0722

1,1-Dichloropropane Propylidene chloride 0723

1,3-Dichloropropane 0724

Chloroacetone 1-Chloro-2-propanone; Acetonyl chloride Monochloroacetone 0760

alpha-Hexachlorocyclohexan alpha-1,2,3,4,5,6-Hexachlorocyclohexane; alpha-Benzenehexachlo- 0795
ride (alpha-BHC); alpha-Hexachloran

beta-Hexachlorocyclohexan 1-alpha,2-beta,3-alpha,4-beta,5-alpha,6-beta-Hexachlorocy- 0796
clohexane; beta-1,2,3,4,5,6-Hexachlorocyclohexane; beta-Ben-
zenehexachloride (beta-BHC)

Bromotrifluoromethane Trifluorobromomethane; Fluorocarbon-1301; Bromofluoroform 0837

Chloroacetonitrile Chloroethanenitrile; Monochloroacetonitrile; Chloromethyl cyanide | 0844

Chloroacetyl chloride Chloroacetic acid chloride; Monochloroacetyl chloride 0845

Chloropentafluoroethane 1-Chloro-1,1,2,2,2-pentafluoroethane; Fluorocarbon 115 0848

o-Chlorophenol 2-Chlorophenol; 2-Chloro-1-hydroxybenzene, 0849
2-Hydroxychlorobenzene

p-Chlorophenol 4-Chlorophenol; 4-Chloro-1-hydroxybenzene, 0850
4-Hydroxychlorobenzene

Dichloroacetic acid Bichloroacetic acid; Dichlorethanoic acid DCA 2,2;-Dichloroacetic 0868
acid

2,2-Dichloroacetyl chloride Dichloroacetyl chloride 0869

2,4,5-Trichlorophenol 2,4,5-TCP; 1-Hydroxy-2,4,5-trichlorobenzene 0879

Enflurane 2-Chloro-1,1,2-trifluoroethyl difluoromethyl ether; 2-Chloro- 0887
1-(difluoromethoxy)-1,1,2-trifluoroethane; Ethrane; Ether,
2-chloro-1,1,2-trifluoroethyl difluoromethyl

Hexachlorobenzene Perchlorobenzene; HCB; Pentachlorophenylchloride; Phenyl 0895
perchloryl

Hexachlorobutadiene 1.1,2,3,4,4-Hexachloro-1,3-butadiene; Perchlorobutadiene 0896

Diisopropyl ether Isopropyl ether; 2,2'-Oxybispropane; 2-Isopropoxypropane 0906

Benzyl chloroformate Benzylcarbonyl chloride; Carbobenzoxy chloride; Formic acid, 0990
chlorobenzyl ester

1,3-Dichloropropene 1,3-Dichloropropylene; Dichloropropene; 3-Chloroallyl chloride; 0995
DCP

Fluorosulfonic acid Fluorosulfuric acid; Fluorosulphuric acid 0996

Hexachloronaphthalene 0997

Benzoyl chloride Benzenecarbonyl chloride; Benzoic acid chloride; alpha-Chloroben- | 1015
zaldehyde

Bromobenzene Monobromobenzene; Phenyl bromide 1016

Ethyl chloroformate Ethyl chlorocarbonate; Chloroformic acid ethyl ester; 1025
Carbonochloridic acid ethyl ester; Ethoxycarbonyl chloride

O-Chlorobenzy- 2-(Chlorophenyl)methylenemalononitrile; 2-Chlorobenzylidene 1065

lidenemalononitrile malononitrile; (0-Chlorobenzal)malononitrile; beta,beta-Dicy-
ano-o-chlorostyrene; (2-Chlorophenyl)methylenepropanedinitrile;
CS (riot control agent)

Bromoacetone Bromo-2-propanone; Acetyl methyl bromide 1074

Chloronitroaniline 2-Chloro-4-nitroaniline; 1-Amino-2-chloro-4-nitrobenzene; 1076
o-Chloro-p-nitroaniline; Benzeneamine, 2-chloro-4-nitro-

Ethyl chloroacetate Chloroacetic acid, ethyl ester; Ethyl monochloroacetate; Ethyl 1081
alpha-chloroacetate; Ethyl-2-monochloroacetate

Hexachlorocyclopentadiene 1,2,3,4,5,5-Hexachloro-1,3-cyclopentadiene; 1096

Perchlorocyclopentadiene

Dichloromonofluoromethane

Fluorodichloromethane; HCFC 21; Fluorocarbon 21

1106
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Name Synonyms ICSC

Methyl chloroformate Methyl chlorocarbonate Carbonochloridic acid, methyl ester 1110
Chloroformic acid methyl ester Methoxycarbonyl chloride

Methanesulfonyl chloride Mesyl chloride; Methylsulfonyl chloride; Methanesulfonic acid 1163
chloride

Benzyl bromide alpha-Bromotoluene; Bromophenylmethane 1225

Cyanuric chloride 2,4,6-Trichloro-1,3,5-triazine; Chlorotriazine; Trichlorocyanidine; 1231
Tricyanogen chloride; Cyanuric acid trichloride; 2,4,6-Trichloro-s-
triazine

1,1,2,2-Tetrabromoethane Acetylene tetrabromide; Tetrabromoacetylene; sym-Tetrabro- 1235
moethane

1,1,1,2-Tetrafluoroethane HFC 134a 1281

Chlorotrifluoroethane 2-Chloro-1,1,1-trifluoroethane; 1-Chloro-2,2,2-trifluoroethane; 1299
HCFC 133a

Chlorfenvinphos 0,0-Diethyl-O-{2-chloro-1-(2,4-dichlorophenyl)vinyl}phosphate; 1305
2-Chloro-1-(2,4-dichlorophenyl)vinyldiethyl phosphate

1-Bromopropane n-Propyl bromide; Propyl bromide 1332

3-Chloro-2-methyl-1-propene Methallyl chloride; Methyl allyl chloride; gamma-Chloroisobutylene = 1341

2,2-Dichloro-1,1,1- HCFC 123 1343

trifluoroethane

Bromoethane Ethyl bromide 1378

Methyl chloroacetate Chloroacetic acid methyl ester; Methyl monochloroacetate; Methyl- | 1410
alpha-chloroacetate

Dibromodifluoromethane Difluorodibromomethane; Fluorocarbon 12-B2 1419

1,1,1,2-Tetrachloro-2,2- 1,1-Difluoro-1,2,2,2-tetrachloroethane; CFC-112a 1420

difluoroethane

1,1,2,2-Tetrachloro-1,2- 1,2-Difluoro-1,1,2,2-tetrachloroethane; CFC-112; Fluorocarbon 112 1421

difluoroethane

1-Chloro-1-nitropropane 1423

Dichloroacetylene Dichloroethyne 1426

Fluoroacetamide 2-Fluoroacetamide; Monofluoroacetamide; Fluoroacetic acid amide = 1434

Isoflurane Ether, 1-chloro-2,2,2-trifluoroethyl difluoromethyl; 2-Chloro-2- 1435
(difluoromethoxy)-1,1,1-trifluoroethane

Sevoflurane 1,1,1,3,3,3-Hexafluoro-2-(fluoromethoxy)propane; Ether, fluorome- 1436
thyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl

Desflurane 1,2,2,2-tetrafluoroethyl difluoromethyl ether 1437

p-Chloro-o-cresol para-Chloro-ortho-cresol; Phenol, 4-chloro-2-methyl; 4-Chloro-o- 1476
cresol

Methylchlorosilane Chloro(methyl) silane 1587

n-Butyl chloroformate Butyl chlorocarbonate; Butyl chloroformate; Chloroformic acid 1593
butyl ester; Carbonochloridic acid, butyl ester

Isobutyl chloroformate Isobutyl chlorocarbonate; 2-Methylpropyl chloroformate; Formic 1594
acid, chloro-, isobutyl ester; Carbonochloridic acid, 2-methylpropyl
ester

n-Propyl chloroformate Propyl chloroformate; Propyl chlorocarbonate; Formic acid, chloro-, 1595
propyl ester; Carbonochloridic acid, propy! ester

1,4-Dichloro-2-nitrobenzene 2,5-Dichloronitrobenzene; 1-Nitro-2,5-dichlorobenzene; Nitro-p- 1618
dichlorobenzene

1-Chloro-3-nitrobenzene Benzene, 1-chloro-3-nitrom-Chloronitrobenzene 1633

Methoxyflurane 2,2-Dichloro-1,1-difluoroethyl methyl ether; 2,2-Dichloro-1,1- 1636
difluoro-1-methoxyethane; Methoflurane; Penthrane

2-Amino-4-chlorophenol p-Chloro-o-aminophenol; 2-Hydroxy-5-chloroaniline; 4-Chloro-2- 1652
aminophenol; C.I. 76525

1-Bromo-3-chloropropane 1-Chloro-3-bromopropane; Trimethylene chlorobromide 1665

1,2-Dibromo-3-chloropropane = 3-Chloro-1,2-dibromopropane; DBCP; 1-Chloro-2,3- 0002

dibromopropane

101
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Name Synonyms ICSC
Phosgene Carbonyl chloride; Chloroformyl chloride 0007
Allyl chloride 3-Chloro-1-propene; 3-Chloropropylene; Chloroallylene 0010
Benzyl chloride alpha-Chlorotoluene (Chloromethyl)benzene; Tolyl chloride 0016
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P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.11 | Acute/chronic diseases caused by halogen derivatives of aliphatic T53 NE61
and aromatic hydrocarbons
1.1.11 | Respiratory tract irritation )68.3 CA81Y
1.1.11 | Acute chemical pneumonitis and bronchitis ]68.0 CA81.0
1.1.11 | Pulmonary oedema 168.1 CA81.1
1.1.11 | Upper respiratory inflammation ]68.2 CA81.2
1.1.11 | Burns and corrosions of eye and adnexa T26.0-T26.1, NEOO & XA3RB1,
T26.5-T26.6 XA9K79, XA53T1
1.1.11 | Conjunctivitis H10.2 9A60.Z
1.1.11 | Keratoconjunctivitis H16.2 9A79
1.1.11  Corneal ulcer H16.0 9A76
1.1.11 | Burns and corrosions of external body surface T20-T25 ND9Z, NDYY,
NE10
1.1.11 | Irritant contact dermatitis L24 EK02.12
1.1.11 | Narcotic syndrome consequent to acute systemic poisoning by halo- =~ T53.2, T53.3, PB35,
genated derivatives of aliphatic or alicyclic hydrocarbons: methylene = T53.4, T53.6, & XM7377,
chloride, trichloroethylene, tetrachloroethylene, vinyl chloride mono- = T53.7, T59.3, & XM3NB3,
mer, chloroacetone, bromoacetone, hexafluoroacetone, halogenated = T59.8 & XM3DAS,
derivatives of benzene & XM6YRO,
& XM2N89
1.1.11 | Acute neurological syndrome T59.8, T60.8, NE61, PB32,
X47, X48,Y17 PB33, PB36,
PH56
1.1.11 | Acute/chronic toxic encephalopathy G92 8D43.0Y
1.1.11 | Toxic optic neuropathy H46 9C40.Y
1.1.11 | Toxic liver disease K71 DB95.Y
1.1.11  Chloracne L70.8 ED81.1
1.1.11 | Effects on endocrine, immune, nervous, and reproductive systems T53.7,T65.8, NE61,PB35,
following exposure to derivatives of biphenyls X46, X49, Y16, PB36, PH55,
Y19 PH51, PH56
1.1.11  Toxic optic neuropathy H46 9C40Y
1.1.11 | Ototoxic hearing loss H91.0 AB53
1.1.11 | Effects on the peripheral nervous system G62.2 8D43.2Y
1.1.11 | Injury of trigeminal nerve S04.3 NA04.4
1.1.11 | Raynaud's phenomenon in the hands and feet 173.0 BD42.Z
1.1.11 | Acro-osteolysis in the terminal phalanges of the hands and feet M89.5 FB86.2
1.1.11 | Distal skin disorders (scleroderma-like syndrome) 194.8 EE7Y
1.1.11 | Liver fibrosis with portal hypertension K74.0, +K76.6 DB93Y &
DB98.7Z
1.1.11 | Renal failure with tubular necrosis N17.0 GB60.Z
1.1.11 | Chronic renal failure N18.9 GB61.Z
1.1.11 = Chemical porphyria E80.1 5C58.10
1.1.11 | Liver angiosarcoma C22.3 2B56.3
1.1.11 | Hepatocellular carcinoma C22.0 2C12.02
1.1.11 | Kidney cancer C64 2C90.Z
1.1.11 | Melanoma C43 2C30.Z
Occupational exposure to risk factors 757 QD84Y
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1.1.12 Diseases caused by benzene or its homologues ICD Code T52.1, T52.2 +Z57

General
characteristics
of the causal
agent

Benzene and its homologues belong to the chemical class of (alkyl)-aromatic hydrocarbons
and are defined by the general formula: C,H,,,.s. The most important alkyl derivatives of
benzene are toluene, xylene and ethylbenzene.

Like benzene, alkyl-aromatic compounds are liquid, colourless, with an aromatic, sweet
gasoline-like odour. Volatility decreases with the number and size of the alkyl substituents.
Vapours are heavier than air and may migrate along the ground, with the possibility of
distant ignition. Solubility in water is in the order of 0.1% or less (w/w), decreasing with the
number and size of the alkyl substituents.

All alkyl-aromatic compounds react more or less violently with oxidants, nitric acid, sul-
phuric acid and halogens and may thus cause fire or explosion hazards. They attack plastic
and rubber materials.

Benzene (benzol, CgHg, molecular mass 78.1, CAS number 71-43-2) is the simplest aro-
matic hydrocarbon. It is a volatile colourless liquid (boiling point 80° C) whose vapours are
heavier than air.

Toluene (methylbenzene, toluol, CgHsCH; molecular mass 92.1, CAS number 108-88-3,
boiling point 110.6°C) is a volatile liquid, easily flammable at ambient temperature and
pressure. It has a sweet benzene-like odour. Nowadays, technical grade toluene may con-
tain small amounts of benzene, whilst higher levels of contamination (even in the order of
25%) used to be relevant in the past.

Xylene (xylol, CgH,(CH5),, molecular mass 106.2) exists in three isomeric forms of dimeth-
ylbenzene: ortho (ortho-Xylene, 1,2-Dimethylbenzene, o-Xylol, CAS number 95-47-6); meta
(meta-Xylene, 1,3-Dimethylbenzene, m-Xylol, CAS number 108-38-3); and para (para-Xy-
lene, 1,4-Dimethylbenzene, p-Xylol, CAS number 106-42-3), with boiling points 144.4, 139.1,
and 138.3°C, respectively. Technical grade xylene (boiling point 138.5°C) contains a mixture
of these isomers together with some ethylbenzene.

Ethylbenzene (C¢HsCH,CH5, molecular mass 106.2, CAS number 100-41-4) is a highly flam-
mable, colourless, volatile liquid with a boiling point of 136.2°C.

Occupational
exposures

Benzene occurs naturally in crude petroleum. It is present in coal derivatives and petroleum
fractions, and distillates. Mixtures of alkylbenzene homologues are employed as techni-
cal solvents and are contained in reformed gasoline. Benzene is still present in car fuel
in variable amounts (in the order of 1-3%), depending on the quality of the gasoline. The
presence of benzene in petrol and as an industrial solvent can result in significant occupa-
tional exposure.

Benzene and pure alkylbenzene isomers are used as starting materials in the chemical
synthesis of a great variety of bulk chemicals (such as styrene, cumene, cyclohexane, nitro-
benzene, chlorobenzene, phenol, etc.), and specialty products (such as explosives, interme-
diates for dyes and pharmaceuticals, etc.).

Occupational exposure to benzene and alkylbenzenes may hence occur in the chemical
industry for the synthesis of a great variety of chemical products, in the production and
handling of gasoline fuels, in the production and use of solvents and thinners for fats,
waxes, resins, oils, inks, paints, lacquers, adhesives, glues, plastics, rubber, in scouring of
metal parts, in dry cleaning, in the extraction of oils from seeds and nuts, and in photogra-
vure printing. Benzene is also used as a chemical intermediate and in the manufacture of
detergents, explosives, pharmaceuticals, and dyestuffs.

High levels of occupational exposure to benzene may occur in industries involving benzene
production (petrochemicals, petroleum refining, coke and coal chemical manufacturing),
rubber manufacturing, and storage or transport of benzene and petroleum products con-
taining benzene. Other workers who may be exposed to benzene because of their occupa-
tions include steel workers, printers, shoemakers, laboratory technicians, firefighters, and
petrol station workers.

Additional occupational exposure to benzene is nowadays possible in the production
of benzene via coal tar distillation or from petroleum, in the cleaning of tanks in which
benzene has been stored; and through contact with residues of crude oil or with petrol
including vehicle emissions.

Occupational exposure to alkyl-benzene homologues is possible in several productive
activities and in the handling of materials. Among those of greater concern, there are: the
rubber industry, the production of benzoic acids (terephthalic acid is a polymer building
block made from p-xylene), of explosives, of styrene from benzene and of many other
organic compounds; the formulation of solvents and thinners for paints, lacquers, adhe-
sives, glues, and printing inks; the manipulation of gasoline and crude oils.
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Occupational Toluene occurs naturally in crude oil. It is a by-product in the production of gasoline and
exposures other fuels from crude oil and in the production of coke from coal. Toluene is used for the

production of paints, paint thinners, adhesives, fingernail polish, lacquers, and rubber, and
in some printing and leather tanning processes, as well as in the production of benzene,
plastics, nylon, and polyurethane. Itis used in the synthesis of trinitrotoluene (TNT), benzoyl
chloride, benzoic acid, and toluene diisocyanate. Toluene is also used to improve octane
ratings by addition to gasoline, along with benzene and xylene. Toluene is nowadays used
in all the processes in which benzene was usually employed in the past as solvent, because
it does not entail haematological effects. In some cases, however, technical toluene is still
contaminated by benzene, with levels up to 15%.

Xylene is primarily produced from petroleum as a synthetic chemical. Nonetheless, it can
occur naturally in petroleum and coal tar and form during forest fires, although to a small
extent. The most common use of xylene is as a solvent in the printing, leather, and rubber
industries. It is widely used as a cleaning agent, a thinner for paint, and in varnishes. To a
lesser extent, xylene is used as an ingredient in the coating of fabrics and papers, and as
a material in the chemical, synthetic fibres, and plastics industries. Xylene can be found in
small amounts in gasoline and airplane fuel.

Ethylbenzene is primarily produced by the alkylation of benzene with ethylene under liquid
phase conditions and a solid alkylation catalyst. Ethylbenzene is used for the production of
styrene, as a solvent in paints and lacquers and in the rubber and chemical manufacturing
industries. It is found in crude oils and combustion products. Occupational exposure to
ethylbenzene alone is rare because ethylbenzene is usually present in complex mixtures
such as gasoline, or it is handled in closed systems as in conversion to styrene.

Toxicological profile, main health effects and diagnostic criteria

Short Benzene is readily absorbed following inhalation (primarily), oral or dermal exposure.
toxicological Absorbed benzene is rapidly distributed throughout the body and tends to accumulate
profile in fatty tissues (with a higher partition into lipid-rich organs, such as the brain and bone

marrow), extensively bio-transformed (mostly in the liver), and excreted in the urine as
several metabolites.

Benzene is metabolized to many metabolites by the cytochrome P450 (CYPs) oxidase
system. CYP2E1 (Cytochrome P450 Family 2 Subfamily E Member 1) is one of the most
important isoenzymes metabolizing benzene, and its oxidative metabolism is needed for
the induction of haematotoxic and genotoxic effects of benzene. Since ethanol is able to
induce CYP2E1, alcohol consumption can foster benzene toxicity. Excretion of benzene
metabolites mostly occurs in the urine, while after inhalation benzene is rapidly eliminated
in exhaled air unchanged.

Most of absorbed toluene is metabolized in the liver by the P450 system and excreted
in urine. Around 20% of absorbed toluene is eliminated in exhaled air. More than 90%
of absorbed xylene is transformed via side-chain oxidation to methylhippuric acid and
excreted in urine. Ethylbenzene is metabolized to mandelic and phenylglyoxylic acids.
The biotransformation occurs preferably at the alkyl substituents, which are progressively
mineralized to yield the corresponding benzoic acids. Hydroxylation of the aromatic ring
occurs only to a minor extent in alkyl benzenes, but is the main pathway in benzene. The
intermediate arene oxide is highly reactive and, together with its conversion products, rep-
resents the putative genotoxic agent that causes the effects of benzene on the haemato-
poietic system. Most metabolites of benzene and its homologues can be used for biological
monitoring (see below for further details).

Acute occupational exposure to benzene can cause narcosis: headache, dizziness, drowsi-
ness, confusion, tremors and loss of consciousness. Benzene is a moderate eye irritant and
a skin irritant. Chronic exposure to benzene can reduce the production of both red and
white blood cells from bone marrow in humans, resulting in aplastic anaemia. It reduces
both B-cell and T-cell proliferation and decreases host resistance to infection. Chromosomal
aberrations in human peripheral lymphocytes are associated with occupational exposure
to benzene. A number of reports suggest that benzene induces site-specific human chro-
mosome damage [translocations between chromosomes 14 and 18, t(14;18)].

Several case reports have documented how toluene as an abused inhaled drug can cause
death, central nervous system symptoms, and cardiac, renal, and hepatic toxicities, as
well as a foetal alcohol-like syndrome. Some investigations on volunteers exposed to at
least 100 ppm of toluene for most of a work day reported intoxication and reduced perfor-
mance. Studies on populations of rotogravure printers, historically exposed to high con-
centrations of toluene, showed neurobehavioral, reproductive, developmental, and colour
vision changes.
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Short Short-term exposure to high levels of xylene has been shown to produce skin and eye
toxicological irritation, as well as irritation of the respiratory tract mucosae, thus causing difficulty in
profile breathing and impaired lung function. Stomach discomfort and possible alterations in

liver and kidney functions have been observed, together with neurological effects, such as
headache, dizziness, confusion, delayed response to visual stimuli, impaired memory, and
lack of muscle coordination with loss of balance.

Short-term exposure to high levels of ethylbenzene has been shown to cause eye and
throat irritation, and vertigo and dizziness following increasing levels of exposure. Some
evidence suggests that ethylbenzene might induce hearing loss.

Occupational long-term exposure to ototoxic organic solvents which include mixtures of
benzene, toluene, xylene and ethylbenzene have been shown to cause ototoxic hearing
loss, regardless of concurrent noise exposure, and chronic encephalopathy. For the further
details, refer to item 1.1.38.

Name of the diseases and ICD code: Acute diseases caused by benzene or its homologues
(Specific disease code) +T52.1, T52.2 +Z57

Respiratory tract irritation (J68), Acute chemical pneumonitis and bronchitis (J68.0), Upper respiratory
inflammation (J68.2), Conjunctivitis (H10.2), Corneal ulcer (H16.0), Irritant contact dermatitis (L24),
Narcotic syndrome and other neurological effects (T52.1, T52.2), Cardiac arrhythmias (I149.9), Nausea and
vomiting (R11), Diarrhoea (K52.9)

Short description of the disease

Benzene is considered very toxic: inhalation of air concentrations in the order of 20,000 ppm has been observed to
be fatal in 5-10 minutes. Skin exposure to benzene can result in redness and blisters. Prolonged or repeated skin
contact may result in irritant dermatitis. People who breathe in high levels of benzene may develop drowsiness,
dizziness, rapid or irregular heartbeat, headaches, tremors, confusion, unconsciousness, up to death. These clinical
manifestations may occur within minutes to several hours. Neurological effects appear to be due primarily to
the direct effects of benzene on the central nervous system. The anaesthetic action of benzene on the central
nervous system is similar to that of other anaesthetic gases, first inducing excitation followed by depression and,
if exposure continues, death through respiratory failure. Consuming foods or fluids contaminated with high levels
of benzene can cause vomiting, stomach irritation, dizziness, sleepiness, convulsions, rapid heart rate, and death.
Benzene can cause death in acute exposures primarily by its anaesthetic properties (respiratory arrest) or by exac-
erbating fatal arrhythmias.

Lethal doses of inhaled to/uene vapours have been estimated to be around 4,000 ppm for 1 hour or in the order of
10,000-30,000 ppm for a few minutes.

Xylenes have been observed to produce irritant effects on the eyes, skin, and mucous membranes, together with
impaired respiratory function, headache and dizziness, for short-term exposures to concentrations as low as 50
ppm. Chronic exposures have been reported to cause eye irritation, sore throat, and neurological effects (such as
anxiety, inability to concentrate, and forgetfulness) at even lower concentrations (around 14 ppm). Eye contact with
xylene vapours or liquid xylene can cause irritation, and subsequent photophobia, redness of the conjunctivae,
and damage of the conjunctival and corneal epithelium. Following airborne concentrations of about 100-400 ppm,
the occurrence of neurological effects such as retardation of response times, memory impairments, and loss of
balance have been observed. Tremors, mental confusion, and narcosis have been reported for air concentrations
estimated to be in the order of 10,000 ppm. In workers exposed to xylene vapours, nausea and vomiting have
been reported.

Evidence on the lethal effects of ethylbenzene are scarce, as are data regarding systemic effects of ethylbenzene
inhalation. Recognized effects are irritation of the eyes and mucosae of the respiratory tract, and ototoxicity. Hae-
matological alterations, such as increased lymphocyte counts and decreased haemoglobin concentration, have
been reported.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:
- Central nervous system

The symptoms of narcotic syndrome include headache, dizziness, nausea, drowsiness, weakness, confu-
sion, unconsciousness, respiratory depression, memory loss, nausea, hearing and colour vision loss and,
in the most severe cases, coma. Unconsciousness may be prolonged, although consciousness is regained
rapidly after cessation of exposure. Generally, symptoms of central nervous system toxicity appear imme-
diately after inhalation of benzene levels in the order of 3,000 ppm for a few minutes, and 30 to 60 minutes
after ingestion. For toluene concentrations above 200-240 ppm, vertigo, dizziness, difficulty in maintaining
equilibrium, and headache can be observed after perhaps 3-7 hours of exposure. Higher concentrations
may result in a narcotic coma and sudden death, following cardiac arrest due to ventricular fibrillation with
increased sensitivity to catecholamines (this might follow, for example, inhalation of fumes from adhesives
containing toluene among other solvents).

Below is a summary of typical neurological clinical patterns usually observed at corresponding increasing
concentration levels of benzene or its homologues.

Concentration Time of Health

(ppm) exposure (hr) effects

Benzene

25 8 No acute clinical symptoms

50~150 5 Headache, lassitude, weakness

500 1 Vertigo, drowsiness, nausea

7500 Y2 Dangerous to life

Toluene

2.5 Odour threshold

100 8 No symptoms, possible very mild headache

200 8 Mild irritant effects

400 8 Irritation, headache, dizziness, incoordination

800 3 Pronounced nausea

4000 1 Narcosis

=5000 Unconsciousness and death

Xylene

1 Odour threshold

100 4 No effect on reaction time

200 4 Irritant effects, prolonged reaction time, impairment of vestibular,
and visual function

300 2 Decreased performance (decrements in psychometric tests such as
memory span and choice reaction time)

700 1 Dizziness, headache, feeling of intoxication, and sleepiness

=5000 Unconsciousness and death
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- Respiratory system

Acute exposure to benzene vapour is irritant to the mucous membranes of the respiratory tract. With mas-
sive exposure (e.g. 20,000 ppm for a few minutes), pulmonary oedema and respiratory arrest may ensue.
Pulmonary aspiration of ingested liquid benzene may cause severe haemorrhagic inflammation of the lungs.
- Cardiovascular system

Exposure to benzene concentrations usually above 1,000 ppm may lower the threshold of the heart muscle
to the effects of adrenaline, resulting in life threatening arrhythmias such as ventricular fibrillation (these
effects tend to be reversible if exposure is terminated).

- Skin

Benzene is a lipid solvent and, as such, it degreases the skin particularly after prolonged or repeated contact
and can cause skin irritation. Locally, benzene can produce erythema, a burning sensation, and in more
severe cases, oedema and even blistering. Recall that, because of their larger surface area to body weight
ratio, child and young workers are more vulnerable than adults to toxicants absorbed through the skin.

- Gastrointestinal system

If swallowed, benzene can irritate the stomach, causing nausea, vomiting, and diarrhoea. A lethal oral dose
has been estimated to be 100 mL (about 1 g/kg, for a 75 kg male), although as little as 15 mL or 50 mg/kg
has been observed to cause death.

- Eyes

High concentrations of benzene vapour can cause eye irritation and visual blurring. When splashed in the
eyes, benzene may cause burning pain and sloughing of the eye surface.

- Potential sequelae

Recovery from moderate exposure to benzene may take 1-4 weeks. During this time, affected subjects may
also continue to experience impaired gait, nervous irritability, and breathlessness for about 2 weeks. Cardiac
distress and yellow colouration of the skin may persist for up to one month.

* Examinations:

- The diagnosis of acute benzene toxicity is primarily clinical, based mostly on neurological signs and symp-
toms, and respiratory effects. However, laboratory testing is useful for monitoring the affected subject
and evaluating complications. Routine laboratory studies for all exposed subjects include full blood count,
glucose, and electrolyte determinations. Additional tests include electrocardiogram monitoring, urinaly-
sis, determinations of blood urea nitrogen, creatinine, and liver function test. Chest radiography and pulse
oximetry (or arterial blood gas measurements) are recommended for severe inhalation exposure or if
pulmonary aspiration is suspected.

- Chest X-rays may reveal a picture of pneumonitis or bronchitis, with increased bronchovascular markings.

- Pulmonary function tests may show an acute obstructive disease.

- An ophthalmic examination should be performed, including visual acuity and slit lamp inspection of the
cornea. Corneal ulceration may be seen on corneal examination.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of benzene or its
homologues via inhalation, skin and eye contact and, when available, workplace air and biological monitor-
ing data, such as:

- urinary S-phenylmercapturic and t,t-muconic acids for benzene;
- urinary toluene and o-cresol, and blood toluene for toluene;
- urinary methylhippuric acid for xylene; and

- urinary mandelic and phenylglyoxylic acids (summed), and ethylbenzene in end-exhaled air for ethylben-
zene.

Urinary markers should be collected at the end of the work shift. It is important to remember that, since

cigarette smoke contains benzene, smoking is a relevant confounding factor in the interpretation of bio-

monitoring results.

+ Minimum duration of exposure: few minutes.

* Maximum latent period: 24 hours.
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Name of the diseases and ICD code: Chronic diseases caused by benzene (Specific disease code) +T52.1 +Z57

Bone marrow depression (aplastic anaemia) (D61.2), Myelodysplastic (preleukemic) syndrome (D46.9)

Short description of the disease

Benzene is a myelotoxicant known to suppress bone marrow cell proliferation and to induce haematological dis-
orders, while its metabolism produces an epoxide (benzene oxide), which may react with cell macromolecules.
An early stage of benzene toxicity is leucopaenia (particularly lymphopaenia), which is reversible after the end
of the exposure. This condition may progress to irreversible marrow damage: bone marrow failure syndromes
(non-carcinogenic haematological effects) due to prolonged exposure to benzene include aplastic anaemia and
myelodysplastic syndrome. Whilst frequent short-term exposures at levels in the order of 100 ppm or higher may
result in transient blood changes (leucocytosis, polymorphocytosis) with no apparent long-term effects, repeated
low-dose exposures (such as around 20 ppm) have been shown to cause cytopaenias (anaemia, leucopaenia and
thrombocytopaenia).

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms:

- Classic symptoms include weakness, purpura, pallor, pancytopaenia, breathlessness on exertion, increased
occurrence of infections, bruising and haemorrhages, jaundice, splenomegaly, and lymphadenopathy.
Pancytopaenia becomes manifest usually after 3-24 months of exposure.

- Aplastic anaemia (medullary hypoplasia) is characterized by thrombocytopaenia, and leucopaenia, and
anaemia.

- Manifestations of myelodysplastic syndrome (medullary hyperplasia) include thrombocytosis, and leuco-
cytosis, and erythrocytosis.
+ Examinations:

- Full blood count with differential and reticulocyte count may show transient haematological effects or
signs of bone marrow failure; red blood cells indices may show anaemia.

- Bone marrow aspiration and biopsy may show medullary depression.

- Aplastic anaemia is defined by the presence of a peripheral blood pancytopaenia and a hypocellular bone
marrow. Remaining blood cells tend to have normal morphology.

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to benzene and,
when available, environmental and biological monitoring data (urinary t,t-muconic and s-phenylmercapturic
acids). Urinary markers should be collected at the end of the work shift.

* Minimum duration of exposure: depression of bone marrow activity has been observed after few days of
exposure even at levels below 50 ppm (160 mg/m3). Other haematological effects usually need higher levels
of exposure for at least one month.

+ Maximum latent period: three years.

Name of the diseases and ICD code: Chronic diseases caused by benzene homologues or mixtures of the
same (Specific disease code) +T52.2 +Z57

Ototoxic hearing loss (H91.0)

Short description of the disease

Prolonged exposure to ototoxic organic solvents which include mixtures of benzene, toluene, xylene and ethylben-
zene, can induce ototoxicity, even in the absence of noise exposure. Noise-induced hearing loss may be potenti-
ated (cranial nerve effects): the incidence of sensorineural hearing loss has been found to be higher than expected
in noise-exposed workers who were also exposed to ethylbenzene. The ototoxic effect of toluene and its synergism
with noise is not well established.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: tinnitus and mild hearing loss to profound deafness. Difficulty in communicating in
noisy environments.

+ Examinations: pure tone audiometry shows high frequency sensorineural hearing loss.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of benzene
homologues or mixtures of the same via inhalation, skin and eye contact and, when available, workplace air
and biological monitoring data.

+ Minimum duration of exposure: few months.
* Maximum latent period: one year.
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Chronic toxic encephalopathy (G92)

Short description of the disease

Exposure to mixtures of benzene homologues (e.g. organic solvents), and to toluene in particular, may cause
chronic adverse effects to the central nervous system. Solvent-induced encephalopathy, known as chronic toxic
encephalopathy or organic brain syndrome due to chronic exposure to solvents, may develop usually insidiously
after long-term exposure (often decades), even at not particularly high exposure levels. Chronic solvent encepha-
lopathy is characterized by irreversible impairment of memory, concentration, and mood, accompanied by fatigue
and loss of initiative. Attention, learning, psychomotor performance and verbal and non-verbal reasoning, as well
as concept formation, can be affected. Loss of colour vision and alterations in visual perception may be part of the
clinical picture.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: if exposure is not avoided, the disease progresses through three levels of increasing
severity:

- from organic affective syndrome (characterized by depression, irritability, loss of interest in daily activities);

- to mild chronic toxic encephalopathy (characterized by fatigue, mood disturbances, memory and atten-
tional complaints, together with impairment of psychomotor functions such as speed and dexterity); and

- up to severe chronic toxic encephalopathy (characterized by loss of intellectual ability interfering with
occupational or social functioning as well as by impairment of memory, abstract thinking and judgment).
Third-level lesions become permanent, although the exposure ceases, and the affected person usually
remains severely disabled.

* Examinations:

- Neuropsychological assessment may show neurobehavioural impairment and should be conducted
through the use of tests addressed at exploring the following functions: verbal and visual memory,
attention, psychomotor speed, visual analysis, construction, abstraction, and primary intellectual abilities
(some examples of specialized behavioural tests to measure neurotoxicity are reported in Table 2 at the
end of item 1.1.38).

- Electroencephalography may show nonspecific abnormalities (such as diffuse slowing).

- Neuroimaging investigations may show mild cerebral atrophy.

Differential diagnosis

Depression and other psychiatric disorders; sleep and neurodegenerative disorders, vascular disorders of the
brain; neoplasms such as brain tumours, metabolic causes such as thyroid disorders and avitaminosis; or even
traumatic brain disorders.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to benzene homologues (toluene in
particular) or mixtures of them via inhalation or skin contact and, when available, workplace air monitoring
and detection of the compounds or their metabolites in biological fluids.

+ Minimum duration of exposure: ten years.
+ Maximum latent period: not applicable.

Name of the diseases and ICD code: Carcinogenic effects of benzene or its homologues
(Specific disease code) +T52.1, T52.2 +Z57

Short description of the disease

There is sufficient evidence in humans for the carcinogenicity of benzene. Benzene causes acute myeloid leukae-
mia in adults. Positive associations have been observed for non-Hodgkin lymphoma, chronic lymphoid leukaemia,
multiple myeloma, chronic myeloid leukaemia, acute myeloid leukaemia in children, and cancer of the lung. There
is strong evidence that benzene metabolites, acting alone or in concert, produce multiple genotoxic effects at the
level of the pluripotent haematopoietic stem cell resulting in chromosomal changes consistent with those seen
in haematopoietic cancer. IARC classifies benzene as carcinogenic to humans (Group 1). For further details on
carcinogenic effects of benzene, refer to item 3.1.8.

As regards benzene homologues, the main IARC conclusions are reported below:

+ The evidence for the carcinogenicity of ethylbenzene is inadequate in humans and sufficient in experimental
animals: it has thus been classified as possibly carcinogenic to humans (Group 2B).

+ Toluene and xylenes are not classifiable as to their carcinogenicity to humans (Group 3).
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Key actions for
prevention

Aromatic hydrocarbons are staple products of the chemical industry, and key components
of gasoline and of oil-derived fuels. Moreover, lower aromatic hydrocarbons, such as
benzene, spontaneously form as trace intermediates from the combustion processes of
most carbon-containing fuels. Therefore, it is unlikely that their use can be discontinued
or banned. The only case of a more or less extensive limitation or ban to use in consumer
products is that of benzene. Due to the carcinogenicity of benzene, its use as a solvent
or co-solvent in formulations such as glues, adhesives, paints, lacquers, and degreasers
has been mostly eliminated. This is particularly important that in the production of fine
chemicals, closed-circuit reactors and stringent manufacturing procedures, including the
substitution of benzene with alternative starting materials whenever possible, are used to
reduce and eliminate the exposure.

Benzene is generated in the production of gasoline by reforming and aromatization of
crude oil fractions, although in most industrial countries its content in the formulated
product has been regulated to be well below 5% in volume. What can hardly be reduced
is the generation of benzene from non-aromatic hydrocarbons during the use of gasoline
in combustion engines, a phenomenon that parallels the generation of polycyclic aromatic
hydrocarbons in diesel engines.

In all industrial activities where benzene is produced, used or generated as a by-product,
primary and secondary prevention measures should be applied to the highest possible
level. Workplace and biological monitoring of workers should be implemented on a regular
basis. Appropriate engineering, ventilation controls and working practices should be used
with personal protective equipment to avoid skin, eye and respiratory exposure to benzene
or its homologues.

The WHO recommends several risk mitigation procedures to be followed; although mainly
developed for public health purposes, they can easily apply to occupational settings as
well, in detail:

+ Eliminate benzene usage by i) promoting the use of alternative solvents in industrial
processes, glues and paints; and ii) developing and implementing policies and legis-
lation to remove benzene from consumer products.

+ Reduce exposure to benzene by: i) minimizing exposure at petrol filling stations as
far as possible with the implementation of best practices in location, design and
extraction; ii) reducing emissions from vehicle exhausts through means of improved
design and regular monitoring of engine settings; iii) separating dwelling spaces
from areas where vehicles and benzene-containing products are kept; iv) avoiding,
to the extent possible, the use of benzene-containing products; v) discouraging
indoor use of unflued oil and gasoline heating; vi) prohibiting smoking inside build-
ings.

+ Educate employers and workers by i) raising their awareness regarding sources of
exposure to benzene and risk mitigation measures; and ii) conducting educational
activities to discourage the use of benzene or petrol for cleaning and degreasing in
industry and domestically.

Several scientific bodies and regulatory agencies suggest or enforce occupational expo-
sure limits for various aromatic hydrocarbons. The group of experts considered that the
following limits of exposure of workplace atmospheric concentrations have been observed
to provide a reasonable level of protection for workers' health and have been used in a
number of countries:

* Benzene: 0.5 ppm as 8hr TWA, 2.5 ppm as short-term exposure.

+ Toluene: 20 ppm as 8hr TWA.

+ Xylenes: 100 ppm as 8hr TWA, 150 ppm as short-term exposure.

+ Ethylbenzene: 20 ppm as 8hr TWA.

M
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC
Benzene Cyclohexatriene benzol 0015
Toluene Methylbenzene 0078
Toluol
Phenylmethane
Ethylbenzene Ethylbenzol 0268
Phenylethane
EB
Cumene (1-Methylethyl)benzene 0170
2-Phenylpropane
Isopropylbenzene
O-Xylene ortho-Xylene 0084
1,2-Dimethylbenzene
o-Xylol
M-Xylene meta-Xylene 0085
1,3-Dimethylbenzene
m-Xylol
P-Xylene para-Xylene 0086
1,4-Dimethylbenzene
p-Xylol
1,2,3-Trimethylbenzene 1362
1,2,4-Trimethylbenzene 1433
1,3,5-Trimethylbenzene 1155
Trimethyl benzene mixed Benzene, trimethyl (isomers) 1389
isomers Methylxylene
P-Cymene 1-Methyl-4-isopropylbenzene 0617
Dolcymene
Camphogen
Diisopropylbenzene mix Benzene, bis(1-methylethyl) 1714
Bis(1-methylethyl)benzene
» Table of diseases and risk factors with ICD-10 and ICD-11 codes
ILO Disease name ICD-10 ICD-11
1.1.12  Acute/chronic diseases caused by benzene or its homologues T52.1,T52.2 NE61&XMOQY7,
NE61&XM2738
1.1.12 | Respiratory tract irritation )68 CA81.Z
1.1.12 | Acute chemical pneumonitis and bronchitis 168.0 CA81.0
1.1.12 | Upper respiratory inflammation 168.2 CA81.2
1.1.12 | Conjunctivitis H10.2 9A60.Z
1.1.12  Corneal ulcer H16.0 9A76
1.1.12 | Irritant contact dermatitis L24 EKO2
1.1.12 | Narcotic syndrome and other neurological effects T52.1,752.2 PB31&XMO0QY7,
1.1.12 | Cardiac arrhythmias 149.9 BC9Z
1.1.12 ' Nausea and vomiting R11 MD90
1.1.12 | Diarrhoea K52.9 MEOQ5.1
1.1.12 | Bone marrow depression (aplastic anaemia) D61.2 3A70.11
1.1.12 | Myelodysplastic syndrome (preleukaemic syndrome) D46.9 2A3Z
1.1.12 | Ototoxic hearing loss H91.0 AB53
1.1.12 | Chronic toxic encephalopathy G92 8D43.0Z
1.1.12 | Acute myeloblastic leukaemia C92.0 2A60.3Z
Occupational exposure to risk factors 757 QD84Y
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1.1.13 Diseases caused by nitro- and amino-derivatives of benzene or its homologues

General
characteristics
of the causal
agent

ICD Code T65.3 +Z57

Nitro- and amino-derivatives of benzene or its homologues are a large, heterogeneous
class of industrial chemical compounds characterized by the presence in their structure
of at least one unit of benzene (or of a benzene alkyl homologue), to which one or more
nitro (-NO,) or/and amino (-NH,) groups are attached by means of a direct chemical bond.
The nitro and the amino functional groups linked to a benzene (or benzene homologue)
unit can easily transform into one another by chemical and biochemical processes. The
physical and chemical characteristics of individual compounds belonging to both classes
differ depending on the presence of other functional groups in their chemical structures.
Properties thus span from those of liquids with high volatility, and water solubility in the
milligram- to gram-per-litre range (such as nitrobenzene and aniline), to those of high-
melting solids with poor water and high organic solvent solubility. Further details are
reported below separately for the two classes of benzene derivatives.

Nitro-derivatives of benzene or its homologues are a class of organic chemicals derived
from benzene or its homologues, through replacement of one or more hydrogen atoms
by a nitro- group (R-NO,).

Nitro-compounds of major industrial importance include nitrobenzene, dinitrobenzene, the
mono- and dinitrotoluenes (DNT, the main constituents of technical dinitrotoluene being
2,4-DNT and 2,6-DNT), trinitrotoluene (TNT), tetryl, mononitro-chlorobenzenes (2-chloro-
nitrobenzene, 4-chloronitrobenzene, 1,4-dichloro-2-nitrobenzene, 2,4-dichloro-1-nitroben-
zene), nitroanilines, nitro-chloro-toluenes, dinitrophenol, para-nitroanisole, 4-nitrodiphe-
nyl, picric acid (trinitrophenol) and dinitrocresol. In the chemical industry, nitro-derivatives
are often the chemical precursors of amino-derivatives.

Amino-derivatives of benzene or its homologues are a class of organic chemicals derived
from benzene or its homologues through replacement of at least one hydrogen atom by
an amino- (-NH,) group.

Aniline is the simplest aromatic amino-compound, with one amino-group directly bound to
a benzene ring. Pure aniline is a colourless and moderately volatile oily liquid with a char-
acteristic amine odour. Acetanilide is the acetylated derivative of aniline. Other common
single-ring aromatic amines include mono- and dialkyl- anilines (e.g. methyl and dimeth-
ylaniline, ethyl- and diethylaniline), chloro-anilines, nitro-anilines, toluidines, chloro-tolui-
dines, phenylene-diamines.

Occupational
exposures

Nitro-derivatives of benzene or its homologues (from now on ‘nitro-derivatives’) of major
industrial importance include nitrobenzene, mono-, di-, and trinitrotoluene. These are or
were used as chemical solvents, as starting or intermediate organic compounds in fine
chemical syntheses of pharmaceuticals, pesticides, dyes and other specialty chemicals.
Also as explosive substances in military ordnance and as explosives in the construction
industry.

Occupational exposure to nitro-derivatives is thus possible in several chemical and
non-chemical industrial applications: production of dyes, pigments, explosives, cosmetics,
pesticides, plastics and pharmaceuticals, in the textile and paper industries, in remediation
of chemically contaminated areas, and in chemical laboratories.

Nitrobenzene is the starting material for the production of aniline and for the chemical
synthesis of several fine chemical products; it was used as a solvent in the formulation of
paints, in consumer goods such as shoe and floor polishes, and in leather dressings to
impart a typical almond smell. Some derivatives of nitrobenzene are used in the fragrance
industry.

Dinitrobenzene (mainly 1,3-DNB) and dinitrotoluene (mainly 2,4-DNT and 2,6-DNT) are
primarily used as starting materials for the synthesis of fine chemicals such as dyestuffs,
pesticides and drugs.

Trinitrotoluene (2,4,6-TNT) is synthesized for use as a main component of military ordnance
and increasingly less as industrial explosive.

4-Nitrodiphenyl is the chemical precursor of 4-amino-biphenyl.
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Occupational Amino-derivatives of benzene or its homologues (from now on ‘amino-derivatives’) are
exposures obtained, in most cases, by chemical reduction of the corresponding nitro-derivatives. Ani-
line has been produced for more than a century in the manufacture of various products,
such as dyestuffs and their intermediates, polyurethane foams, and rubber accelerators.
Several compounds are used as intermediates in the syntheses of pharmaceuticals, pesti-
cides, dyes and other specialty chemicals. Some amino-derivatives are employed as antiox-
idants in vulcanized rubber and as stabilizers in ordnance explosives. Some amino-deriva-
tives carrying two amino groups in the molecular structure, such as 4,4-diamino-biphenyl
(or p,p-benzidine), 4,4-diaminophenyl-methane, and p-phenylene-diamine, are (or were)
used as bi-functional reagents in the manufacturing of isocyanate polymers and resins
(for further details on isocyanates, refer to item 1.1.35). Other di-amino-derivatives (e.g.
o-phenylene-diamine derivatives) are used in fur dyeing and in hair-dressing (hair dyeing)
in both the professional and informal employment sectors.

The synthesis of specialty chemicals from nitro- and amino-derivatives generates large
amounts of waste, containing unreacted materials and by-products, which may be more
toxic than the starting materials. Cleaning of chemical reactors, management of dumps,
and remediation of contaminated areas are activities likely to entail workers’ exposure to
these compounds, often at levels of toxicological concern.

Historically, many of these compounds were manufactured in high volumes as feed-stock
materials in the production of other chemicals. In some countries the use of amino deriva-
tives with carcinogenic properties has been banned (2-naphthylamine, benzidine, 4-amino-
diphenyl and 4-nitrodiphenyl). Up-to-date information on global and national production
volumes is difficult to access, but there is a trend in developed countries of elimination, or
reduced manufacturing. In developing countries, there may be continued manufacturing
and export to developed countries.

Toxicological profile, main health effects and diagnostic criteria

Short Nitro- and amino-derivatives of benzene are reactive chemicals, and this is reflected in their
toxicological toxicological effects.
profile

Most nitro- and amino-derivatives of benzene or its homologues are quickly and largely
absorbed by vapour and dust inhalation and through skin contact. After absorption, they
distribute in the body, and are extensively bio-transformed (metabolic activation) especially
by the liver, lung, kidney, bladder, skin and gut microorganisms.

Nitro-derivatives are biologically transformed by nitrogen reduction into the correspond-
ing toxic reactive intermediates aryl-nitroso- and aryl-hydroxylamine compounds. For this
reason, nitro-derivatives share many toxicological effects with amino-derivatives, and their
metabolites are often more toxic than the nitro-aromatic precursors themselves.

Amino-derivatives are biologically transformed by nitrogen oxidation to yield toxic reactive
intermediates, such as the aryl-hydroxylamine metabolites. The azoic dyes, which contain
an Ar(1)-N=N-Ar(2) functional group, are converted especially by the gut microorganisms
into the aromatic amines Ar(1)-NH, and Ar(2)-NH,, and the entero-hepatic circulation
reabsorbs the resulting products for further biotransformation. Aromatic amines and their
aryl-hydroxylamine metabolites undergo biological acetylation to neutral compounds,
which can also be reabsorbed.

Acetylated aryl-hydroxylamines that derive from aromatic amines and aromatic nitro-
compounds are easily bio-transformed by de-acetylation to the corresponding nitrogen
electrophiles (the nitrenes), which are reactive with biological nucleophiles such as the
DNA (thus possibly initiating genotoxic carcinogenesis), with enzymes such as the cyto-
chromes (thus impairing detoxification by the liver), and with haemoglobin (through which
they can generate methaemoglobin). This latter phenomenon is particularly distinctive of
poisoning from nitrobenzene and aniline, as well as from most other nitro- and amino-
derivatives.

The hydroxylamine metabolites of some amino-derivatives, and to a lesser extent of some
nitro-derivatives, bind to the side-chain carboxylic acid groups of body proteins. The result-
ing covalently bound forms, referred to as “protein adducts”, can act as haptens towards
the immune system and trigger allergic sensitization not only to the chemicals themselves,
but also to compounds which contain the same sub-structures, in particular azo-dyes such
as those of textile garments and of industrial processed food and drinks.
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Short Health effects related to exposure to nitro- and amino-derivatives of benzene and its homo-
toxicological logues thus include (with various degrees of severity): methaemoglobinemia and other
profile haematological alterations, skin and mucosal irritation, liver toxicity, skin sensitization with

subsequent allergic contact dermatitis, as well as allergic reactions involving the upper
and lower respiratory tract, with rhinitis and asthma, respectively. Some like benzidine are
carcinogenic, while others like aniline are probable carcinogens. Because these substances
and their active metabolites are excreted in the urine, they cause cancer of the bladder.
Aniline for example is metabolically activated to electrophiles that are genotoxic, induce
oxidative stress and alter cell proliferation and cell death. For other chemicals in this class
that are classed as carcinogens or possibly carcinogenic, the mode of carcinogenicity is
not clear.

Name of the diseases and ICD code: Acute diseases caused by nitro- and amino-derivatives of benzene or its
homologues (Specific disease code) +T165.3 +Z57

Toxic methaemoglobinemia (D74.8), Toxic haemolytic anaemia (D59.4), Respiratory tract irritation (J68),
Acute chemical pneumonitis and bronchitis (J68.0), Chemical pulmonary oedema (J68.1), Upper respira-
tory inflammation (J68.2), Burn and corrosion of eye and adnexa (T26.0-T26.1, T26.5-T26.6), Conjunctivitis
(H10.2), Corneal ulcer (H16.0), Irritant contact dermatitis (L24)

Short description of the disease

The most characteristic sign of acute poisoning by most nitro- (especially nitrobenzene, dinitrobenzene, dinitrotol-
uene and 4-nitrodiphenyl) and amino-derivatives of benzene or its homologues is methaemoglobinemia, which
decreases the oxygen-carrying capacity of the blood. Following methaemoglobinemia, prolonged exposure to
most amino-derivatives, nitrobenzene, dinitrobenzene, and 4-nitrodiphenyl can cause haemolytic anaemia, due
to breakdown of red blood cells.

Generally, nitro- and amino-derivatives are irritant for skin, eyes and respiratory tract. In particular:

- irritation of the skin follows exposure to nitrobenzene, dinitrobenzene, trinitrotoluene, and amino-derivatives;

- irritation of the mucous membranes is associated with exposure to nitrobenzene, trinitrotoluene, and ami-
no-derivatives;

- irritation of the respiratory tract is linked with exposure to dinitrobenzene and amino-derivatives; and
- local irritation is uncommon in dinitrotoluene exposure.

Nitro- and amino-derivatives are slightly soluble in water: this characteristic can be related to lower respiratory tract
symptoms with insidious onset. Effects can be delayed (6 to 24, up to 72 hours), but are often preceded by upper
respiratory tract symptoms. Aspiration of N,N-diethyl-m-toluidine may lead to acute pulmonary oedema, which can
also represent a delayed consequence of inhalation.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Methaemoglobinaemia is characterized by intense cyanosis (with normal arterial pO,) accompanied by
headache, irritability, dizziness, drowsiness, numbness, vertigo, weakness, fatigue, nausea, vomiting, dys-
pnoea, chest and abdominal pain, aphonia, air hunger, unconsciousness, seizures, tachycardia, cardiac
dysrhythmias, and potentially death.

- Upper airways irritation usually becomes manifest with sneezing and sore throat.

- Irritation of the skin is characterized by papular eruption, oedema and desquamation, especially in the
case of prolonged or repeated exposure to trinitrotoluene.

- Eyeirritation is usually accompanied by pain and lacrimation and may cause corneal damage.
* Examinations:

- Typical fishy’ aniline odour may be detected in the breath and sweat of affected subjects.

- On physical examination, splenomegaly and sometimes hepatomegaly may be observed.

- Following methaemoglobinemia and anaemia, jaundice may become evident together with scleral icterus
and an enlarged spleen, and the subject may report discolouration of the urine. Blood of the affected
subject may assume a chocolate-brown colour.
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- Laboratory findings: haemoglobin levels may be normal or severely reduced; increased mean corpuscular
volume, mean corpuscular haemoglobin, and reticulocytosis may be present. Unconjugated bilirubin and
liver enzymes levels in serum are usually increased; conjugated bilirubin levels may be normal or only
mildly elevated. Other findings may include: increased lactate dehydrogenase and reduced haptoglobin
in serum, increased urobilinogen in urine and stool, and haemoglobinuria.

- Chest X-rays may show a picture of acute bronchitis or pneumonitis, with increased bronchovascular
markings.

- Pulmonary function tests may show an obstructive picture.

- Physical examination and ophthalmoscopy may detect eye irritation.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to nitro- or amino-derivatives of ben-
zene or its homologues (by inhalation and skin contact) and, when available, workplace air monitoring and
measurements of the compounds or their metabolites in biological fluids, for example:

- 4,4-methylenebis (2-chloroaniline) (MOCA) can be monitored by measuring total (free and conjugated)
MOCA in end-of-shift urine samples;

- post-shift urinary aniline represents a good biomarker of aniline exposure; and

- dinitro-aminotoluene metabolites can be found in urine after trinitrotoluene exposure.
+ Minimum duration of exposure: few hours.
+ Maximum latent period: few days.

Toxic liver disease (K71), Liver impairment (K72.9)

Short description of the disease

High exposure to trinitrotoluene (TNT) can cause hepatotoxic effects, mediated also by genetic susceptibility (e.g.
in case of glucose-6-phosphate dehydrogenase deficiency or sickle cell trait), after absorption through skin and
mucous membranes, inhalation, and ingestion. A clinical picture of liver disease usually appears after a period
of two to four months from exposure. In some cases, the disease rapidly progresses to fulminant hepatic failure,
which may be fatal in up to 25% of affected subjects. In other cases, the clinical presentation of the disease is
sub-acute, with ascites and portal hypertension. Many amino-derivatives may cause mild hepatic impairment,
characterized by transient liver function abnormalities.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms: anorexia, weakness, nausea, vomiting and abdominal pain with hepatomegaly and
jaundice. Accompanying sequelae may include skin rash, aplastic anaemia and methaemoglobinemia.

* Examinations:

- Increases of serum transaminase, alkaline phosphatase, and serum bilirubin concentration can be
observed when the disease progresses.

- Liver failure in fulminant hepatitis commonly results in coagulopathy with disseminated intravascular
coagulation, and kidney failure (including hepatorenal syndrome) with increased prothrombin time (PT)
or international normalized ratio (INR).

- Abdominal ultrasound examination may show hepatic steatosis.

- Avariety of histological changes can be observed at liver biopsy, including acute hepatitis, steatosis, fibro-
sis and centrilobular necrosis.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of TNT or ami-
no-derivatives via inhalation, skin or eye contact and, when available, workplace air and biological monitor-
ing, such as dinitroaminotoluene metabolites of TNT in urine or urinary aniline in post-shift samples.

+ Minimum duration of exposure: few minutes.
+ Maximum latent period: four months.
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Name of the diseases and ICD code: Chronic diseases caused by nitro- and amino-derivatives of benzene or its
homologues (Specific disease code) +165.3 +Z57

Allergic contact dermatitis (L23)

Short description of the disease

Amino-derivatives of benzene or its homologues, such as p- and m-phenylenediamine, nitroanilines, 2-aminophe-
nol, 4,4-methylenedianiline (MDA), and seldom trinitrotoluene (TNT) and nitrobenzene can induce skin hypersen-
sitivity, and subsequent allergic contact dermatitis (ACD).

The disorder is characterized by an eczematous skin reaction due to a delayed type IV hypersensitivity to these
contact allergens. It presents as a pruritic eczema, characterized by erythema and vesicles, which develops within
24-48 hours of exposure at the site of hapten penetration in sensitized individuals. Note that pre-existing skin
irritation promotes the development of ACD. Although sensitization can be induced by even a single contact with
the compound, in occupational settings it usually takes place after months of repeated contacts, or in some cases,
after many years.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: redness, swelling, vesicles, oozing and crusting (acute eczematous reaction) of the
skin. The development of the skin lesions is in direct relationship to the work activities, with a pattern of
recurrence of the disease on re-exposure to the same agent. Through a cumulative effect, repeated contact
can cause a sub-acute form of contact dermatitis characterized by dry, red plaques. If the exposure contin-
ues, the dermatitis will become chronic. Features of chronic ACD are dry, thickened and scaly skin, cracking
and fissuring of the fingers and palms, chronic nail dystrophy. Itch (pruritus) is usually present.

* Examinations:

- On physical examination, lesions appear localized at allergen contact sites, but often spread to the sur-
rounding area or even to other body sites. Occupational ACD is mainly found on the hands. Upon expo-
sure to volatile allergens or more commonly by transference from the hands it may occur at the face, neck,
and arms.

- Patch tests should be performed by a specialized physician, according to relevant guidelines (such as
those listed in the ‘further reading’). This diagnostic approach carries the risk of sensitization, and the
testing concentration should be defined according to specific recommendations.

Exposure assessment

+ History of occupational exposure: confirmed previous occupational exposure (at least one episode) to amino-
derivatives of benzene or its homologues (such as p- and m-phenylenediamine, nitroanilines, 2-aminophe-
nol, 4,4-methylenedianiline), and occasionally trinitrotoluene and nitrobenzene; and onset of signs and
symptoms as a consequence of subsequent exposures. A dose/effect relationship in the onset of allergic
contact dermatitis can usually be observed. In general, induction of sensitization needs higher levels of
exposure than elicitation.

+ Minimum duration of exposure: usually several instances of exposure are required over long periods for
sensitization, but even a single contact might be sufficient, in particular for potent sensitizers, such as
dinitrochlorobenzene, dinitrofluorobenzene, and p-phenylenediamine. For elicitation of ACD in sensitized
individuals, skin contact with the compound for between a few minutes and several hours may give rise to
skin reactions.

+ Maximum latent period: in sensitized subjects any further exposure to the compound causes the onset of
clinical signs usually within 12-72 hours, or even later (up to 1-2 weeks).

Sensitizer-induced occupational asthma (J45.0)

Short description of the disease

Some amino-derivatives, such as p- and m-phenylenediamine, nitroanilines and 2-aminophenol, induce hyper-
sensitivity in the respiratory tract which can result in allergic asthma. Sensitizer-induced occupational asthma is
characterized by a latency period of several weeks or months, and occasionally years - between first exposure to
one of the above-mentioned compounds at work and the development of immunologically mediated symptoms.
Once the subject is sensitized, even very low concentrations of the sensitizing agent can provoke asthma attacks.
Clinical patterns include progressive worsening of symptoms through the working week with improvement on rest
days. Nasal symptoms due to allergic rhinitis are not consistently present but sometimes may either precede the
onset of occupational asthma symptoms or commence at the same time. Eye irritation due to conjunctivitis and
skin urticaria may be present.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: episodic wheezing, difficulty in breathing, chest tightness and cough. Excess sputum
production is common. Note that pre-existing asthma does not exclude the development of sensitizer
-induced occupational asthma.

* Examinations:

- Lung function testing may show evidence of airway obstruction, but the absence of airway obstruction
does not exclude a diagnosis of (occupational) asthma. A bronchodilator response may be seen in workers
with occupational asthma when given 32 agonists. Measures of lung function taken before and after a
working shift are not sensitive indicators of the presence of occupational asthma and may miss a late
asthmatic response.

- Recording serial peak flow measurements (sPEF) is the initial method of either confirming or refuting a
possible occupational cause for asthma. sPEF recording over three weeks with at least 4 recordings a day
has very high specificity and moderately good sensitivity for making a diagnosis of occupational asthma.
A comparison of measurements collected in conditions of exposure vs. absence of exposure to the sus-
pected causal agent is very useful in reaching a diagnosis.

- Skin prick (epicutaneous) testing may be positive, in particular when considering potent contact allergens
such as p-phenylenediamine.

- Non-specific bronchial reactivity to challenge with a variety of agents (including histamine, methacholine,
and mannitol) may be increased in occupational asthma. Additionally, sequential measures of airway reac-
tivity including periods at work and away from work may assist in making a diagnosis.

- Specific bronchial challenge to the workplace allergen or allergens (in a specialist facility under carefully
controlled conditions) may assist in making a diagnosis, although a negative test does not exclude it.

- Changes in sputum eosinophilia may be helpful in the diagnosis of allergic asthma.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to amino-derivatives of benzene or its
homologues (such as p- and m-phenylenediamine, nitroanilines and 2-aminophenol).

* Minimum duration of exposure: usually from weeks to years but, in some cases, this period may be as short
as a few days.

+ Maximum latent period: usually between 3 to 24 months, but may be shorter in atopic subjects and in excep-
tional cases it may be as short as a few days. In sensitized subjects, the latency between exposure and onset
of symptoms is usually no longer than 48 hours.

Allergic occupational rhinitis (J30.4)

Short description of the disease

Some amino-derivatives of benzene or its homologues (e.g. p-phenylenediamine and m-phenylenediamine,
nitroanilines, 2-aminophenol), dinitrobenzene, tetryl (2,4,6-Trinitrophenylmethylnitramine) and p-nitroaniline
induce hypersensitivity in the upper respiratory tract which may cause allergic upper airways disorders, such as
allergic rhinitis.

The disorder follows a sensitization for one (or more) of the above mentioned compounds, and is characterized by
inflammation of the nasal mucosae, congestion, rhinorrhoea and sneezing. In general, a proportion of up to 40%
of rhinitis patients may manifest asthma, and about 70% asthma patients also suffer from rhinitis.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: rhinorrhoea, sneezing, lacrimation, red eyes, itchy eyes, nose and throat, nasal cavity
obstruction, watery and pale nasal mucosae, congested conjunctivae.

* Examinations:
- Specific inhalation challenge testing can be used to identify the allergen involved.
- Anterior rhinoscopy should be used to examine the nasal mucosae, which may appear pale and boggy.
- Rhinomanometric measurements can be used to measure nasal obstruction.
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Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to amino-derivatives of benzene and
its homologues (e.g. p-phenylenediamine and m-phenylenediamine, nitroanilines, 2-aminophenol), dinitro-
benzene, tetryl (2,4,6-trinitrophenylmethylnitramine) or p-nitroaniline. Symptoms typically appear in relation
to the exposure, and disappear when exposure ends. Recurrence is thus observed after re-exposure to the
same agent.

* Minimum duration of exposure: usually few weeks, since occupational allergic upper airways disorders
require a sensitization period. In exceptional cases, minimum duration of exposure may be as short as a few
days.

* Maximum latent period: in sensitized individuals usually no more than 48 hours, but the exposure that trig-
gers symptoms may occur years after sensitization has occurred.

Skin pigmentation (L81.9)

Short description of the disease

Prolonged or repeated exposure to TNT or dinitrobenzene (DNB) may cause their nitro groups to react with the
melanin pigment in the skin, creating a typical discolouration syndrome.

Diagnostic criteria

Clinical manifestations

+ Abright yellow-orange staining of the hands, arms, feet and face may accompany other disorders caused by
TNT or DNB described above.

Exposure assessment

+ History of occupational exposure: confirmed repeated occupational exposure to high concentrations of TNT
or DNB via inhalation, skin or eye contact and, when available, workplace air and biological monitoring, such
as dinitroaminotoluene metabolites of TNT in urine.

* Minimum duration of exposure: few days.
+ Maximum latent period: few weeks.

Aplastic anaemia (D61.2)

Short description of the disease

Intensive exposure to TNT after few months can result in aplastic anaemia. In workers exposed to TNT in munition
plants, aplastic anaemia with purpura has been reported.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:
- Main complaints are weakness, fatigue, increased frequency of infections, and of mucosal and skin bleeding.

- Aplastic anaemia (with medullary hypoplasia) is characterized by thrombocytopaenia, and leucopaenia,
and anaemia.

+ Examinations:
- Physical examination may reveal skin and mucous membrane pallor, purpura, and petechiae.

- Full blood count with differential and reticulocyte count may show transient haematological effects or
signs of bone marrow failure; red blood cells indices may show anaemia.

- Bone marrow aspiration and biopsy may show medullary depression.

- Aplastic anaemia is defined by the presence of a peripheral blood pancytopaenia and a hypocellular bone
marrow. Remaining blood cells have more or less normal morphology.

Exposure assessment

+ History of occupational exposure: confirmed prolonged occupational exposure to high concentrations of
TNT via inhalation, skin or eye contact and, when available, workplace air and biological monitoring, such as
dinitroaminotoluene metabolites of TNT in urine.

+ Minimum duration of exposure: few months.
+ Maximum latent period: six months (historically longer latency periods have been described, up to years).
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The IARC classifications

evidence of their carcin

IARC Classificati
Chemical name

Name of the diseases and ICD code: Carcinogenic effects of nitro- and amino-derivatives of benzene or its
homologues (Specific disease code) +165.3 +Z57

carcinogenic effects of these substances is described in more detail in item 3.1.9.

A number of these substances are classified as carcinogens or possible carcinogens. For example 4-amino-biphe-
nyl, benzidine and o-toluidine are believed to cause cancer of the bladder. In vitro experiments of MOCA and aniline
indicate that they are genotoxic. Both cause a variety of tumours in animal experiments, but there is only limited

and animal evidence, while aniline is classed as a probable carcinogen.
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of some amino and nitro derivatives of benzene are summarised in the following table. The

ogenicity in humans. MOCA is classed as a carcinogen on the strength of this mechanistic

on of amino derivatives of benzene
CAS number  TIARC Classification

IARC Classificati
Chemical name

4-aminobiphenyl 92-67-1 1
MOCA 101-14-4 1
benzidine 92-87-5 1
o-toluidine 95-53-4 1
aniline 62-53-3 2A
2-amino-4-chlorophenol 95-85-2 2B
3,3"-dichlorobenzidine 91-94-1 2B
o-dianisidine 119-90-4 2B
N,N-dimethylaniline 121-69-7 3

on of nitro derivatives of benzene
CAS number  IARC Classification

Key

Group 3: Unclassifiable as

Bladder cancer (C67)

have been classified as

1,4-dichloro-2-nitrobenzene 89-61-2 2B
2-chloronitrobenzene 88-73-3 2B
2,4-dinitrotoluene 121-14-2 2B
2,6-dinitrotoluene 606-20-2 2B
nitrobenzene 98-95-3 2B
para-nitroanisole 100-17-4 2B
2,4,6-trinitrotoluene 118-96-7 3
4-nitrobiphenyl 92-93-3 3
p-nitrotoluene 99-99-0 3

Group 1: Carcinogenic to humans
Group 2A: Probably carcinogenic to humans
Group 2B: Possibly carcinogenic to humans

Short description of the disease

This disease is observed for exposure to benzidine, 4-aminobiphenyl, MOCA and o-toluidine. All these compounds

effects of benzidine and its salts, and toxic nitro- and amino-derivatives of benzene and its compounds, refer to
items 3.1.2 and 3.1.9, respectively.

to carcinogenicity in humans

carcinogenic to humans by the IARC (Group 1). For a detailed description on carcinogenic

Key actions for
prevention

These and other chemicals have multiple synonyms and commercial product names.
When making risk assessments it is wise to confirm their identity using a unifying system.
There are many such systems, but perhaps the most commonly used are the Chemical
Abstract Service (CAS) numbers, and European Inventory of Existing Commercial Chemical
Substances (EINECS) numbers. For example, the CAS number for the probable carcinogen
aniline is 62-53-3, while its EINECS number is 200-539-3.

From the point of view of occupational health, o-toluidine, o-dianisidine, 2-amino-4-chlo-
rophenol, benzidine, MOCA, 3,3"-dichlorobenzidine and 4-aminodiphenyl are among the
most important amino-benzene compounds because of their carcinogenic potential. Strict
precautions necessary for handling carcinogens apply to different members of this family.
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The hierarchy of controls should be employed (elimination, substitution, engineering con-
trols, and lastly personal protective equipment). As the first tier, due to the carcinogenic
properties of some nitro- and amino-derivatives of benzene or its homologues, the more
toxic compounds such as 4-aminobiphenyl and benzidine have been banned from produc-
tion and use in most countries, and substitutes with lesser toxicity developed. Consumer
protection issues caused the ban of several related azo-dyes, which were suspected of, or
demonstrated as having carcinogenic or allergenic properties, thus effectively stopping
the production and use of some aromatic amines and of their precursors.

Workers and supervisors should be educated to be aware of the nature and extent of the
hazard posed by the production and use of nitro- and amino-aromatic compounds, and
work in a clean, safe manner. Adequate plant and equipment design for both operating
and maintenance, and accurate job analysis are minimum pre-requisites to ensure work-
ers' safety and health. In particular, measures include appropriate equipment design,
ventilation as close to the point of generation as possible, with air-pollution control, ade-
quate handling procedures, and specific measures for the prevention of workers' exposure
through spillage. Best available technologies allow performing the chemical reactions
involving the most dangerous compounds in closed-circuit batch reactors with as much
segregation as possible of the reagents, solvents, raw reaction mixtures, purified products
and reaction by-products. In parts of the process where this cannot be totally achieved
(such as in loading and unloading reactors), workers need to be protected with coveralls,
gloves and face masks. Dust, mist from hot charges, leaking lines, steaming operations,
hot drainage ditches and so on may cause gross exposure and contamination of the work
environment.

Work clothing should be changed daily and plants should be provided with facilities for an
obligatory bath or shower at the end of the working period. Protective clothing and equip-
ment must withstand permeation of chemicals for the expected exposure time. Any con-
taminated skin or clothing should be washed or removed immediately and the individual
kept under appropriate medical supervision. Routine plant maintenance should include
a preliminary thorough cleaning of the machinery before maintenance staff access, and
appropriate disposal of waste.

An effective programme to prevent health impairment due to exposure to nitro- and ami-
no-derivatives should include exposure control and medical supervision. Measurement
of airborne or surface contamination is useful to check consistent operation safety and
minimal chance of skin contact.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations have been observed to provide a reasonable level of protection for
workers' health and have been used in a number of countries:

+ 2 ppm as 8hr TWA for m-Nitrotoluene, o-Nitrotoluene, o-Toluidine.

* 0.1 mg/m3 as 8hr TWA for o-Phenylenediamine, p-Phenylenediamine, m-Phenylenedi-
amine, 2,4,6-Trinitrotoluene, 1,4-Benzenediamine dihydrochloride.

+ 0.1 mg/m3 as STEL and as an airborne concentration which should never be exceeded
(ceiling value) for 1,3-bis (aminomethylbenzene).
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Aniline Aminobenzene 001

2-Chloronitrobenzene 1-Chloro-2-Nitrobenzene 0028

Benzidine (1,1-Biphenyl)-4,4'-diamine; 4,4'-Diaminobiphenyl; p-Diaminodi- 0224
phenyl; Biphenyl-4,4"-ylenediamine

Ortho-Toluidine 1-Amino-2-methylbenzene; 2-Aminotoluene; o-Methylaniline 0341

1,4-Benzenediamine 1,4-Phenylenediamine dihydrochloride; 1,4-Diaminobenzene 0386

dihydrochloride dihydrochloride; 4-Aminoaniline dihydrochloride;
p-Phenylenediamine dihydrochloride

2,4-Dinitrophenol 1-Hydroxy-2,4-Dinitrobenzene 0464

3,3'-Dichlorobenzidine 3,3'-Dichlorobiphenyl-4,4'-Diamine 0481

Nitrobenzene P-Nitrophenyl 0065

m-Dinitrobenzene 1,3-Dinitrobenzene 0691

2,4-Dinitrotoluene 1-Methyl-2,4-Dinitrobenzene 0727

2,6-Dinitrotoluene 1-Methyl-2,6-Dinitrobenzene 0728

4-Aminobiphenyl 4-Aminodiphenyl; p-Biphenylamine; Xenylamine; Biphenyl-4- 0759
amine; Biphenyl-4-ylamine; (1,1'-Biphenyl)-4-amine

4-Nitro-N-phenylbenzenamine | 4-Nitrodiphenylamine; p-Nitrodiphenylamine; 0804
p-Nitrophenylphenylamine; 4-Nitro-N-phenylaniline

p-Phenylenediamine 1,4-Diaminobenzene; 1,4-Benzenediamine; p-Aminoaniline 0805

n,n-Dimethylaniline Dimethylphenylamine 0877

n-Methylaniline Monomethylaniline 0921

o-Nitrotoluene 2-Nitrotoluene; 1-Methyl-2-nitrobenzene; o-Methylnitrobenzene 0931
o-Mononitrotoluene ONT

o-Nitrotoluene 4-Nitrotoluene; 1-Methyl-4-nitrobenzene; p-Methylnitrobenzene 0932
PNT

2,4,6-Trinitrotoluene 2-Methyl-1,3,5-trinitrobenzene; 1-Methyl-2,4,6-trinitrobenzene; 0967
TNT

m-Phenylenediamine m-Diaminobenzene; 1,3-Benzenediamine 3-Aminoaniline; 1302
1,3-Phenylenediamine

Benzylamine Aminotoluene; Phenylmethylamine; Benzenemethanamine; 1338
Monobenzylamine

Benzyldimethylamine N,N-Dimethylbenzenemethanamine; N-Benzyldimethylamine; 1340
Dimethylbenzyla-mine; Benzyl-N,N-dimethylamine;
N-(Phenylmethyl)dimethylamine

n-Ethylaniline N-Ethyl-N-Phenylamine 1385

m-Nitrotoluene 3-Methylnitrobenzene; Toluene, m-nitro 3-Nitrotoluene 1411

o-Phenylenediamine o-Diaminobenzene 1,2-Benzenediamine; 2-Aminoaniline; 1441
1,2-Phenylenediamine

1,3-Bis(Aminomethyl)benzene 1,3-Benzenedimethanamine; 1,3-bis-Aminomethylbenzene; 1462
m-Phenylenebis(methylaine); m-Xylylenediamine; m-Xylene alpha,
alpha'-diamine

2-Nitro-p-Phenylenediamine 2-Nitro-1,4-benzenediamine; 1,4-Diamino-2-nitrobenzene; 2-Nitro- = 1542
4-aminoaniline

2,4-Diaminoanisole 1,3-Benzenediamine; 4-methoxy; 4-Methoxy-3-phenylenediamine; = 1578
4-Methoxy-m-phenylenediamine C.I. Oxidation Base 12

o-Dianisidine 3,3'-Dimethoxybenzidine 1582

n,n-Diethylaniline Benzenamine 1609

1,4-Dichloro-2-Nitrobenzene Nitro-p-dichlorobenzene 1618

N-(1,3-dimethylbutyl)-N'- N-(4-Methyl-2-pentyl)-N'-phenyl-1,4-diaminobenzene; 1635

phenyl-p-Phenylenediamine 1,4-Benzenediamine, N-(1,3-dimethylbutyl)-N'-phenyl;
p-Phenylenediamine, N-(1,3-dimethylbutyl)-N'-phenyl-; 6PPD

2-Amino-4-chlorophenol 5-Chloro-2-hydroxyaniline 1652



https://www.ilo.org/dyn/icsc/showcard.listCards3?p_lang=en

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

» 1. Occupational diseases caused by exposure to agents arising from work activities

ILO Disease name ICD-10 ICD-11
1.1.13 | Acute/chronic diseases caused by nitro- and amino-derivatives of T65.3 NE61& XM83H3
benzene or its homologues
1.1.13 | Toxic methaemoglobinaemia D74.8 3A93
1.1.13 | Toxic haemolytic anaemia D59.4 3A21Y
1.1.13 | Respiratory tract irritation )68 CA81.Z
1.1.13 | Acute chemical pneumonitis and bronchitis ]68.0 CA81.0
1.1.13 | Chemical pulmonary oedema 168.1 CA81.1
1.1.13 | Upper respiratory inflammation 168.2 CA81.2
1.1.13 | Burn and corrosion of eye and adnexa T26.0-T26.1, NEOO
T26.5-T26.6
1.1.13 | Conjunctivitis H10.2 9A60.Z
1.1.13 | Corneal ulcer H16.0 9A76
1.1.13 | Irritant contact dermatitis L24 EKO2
1.1.13 | Allergic contact dermatitis L23 EKOO
1.1.13 | Sensitizer-induced occupational asthma (occupational allergic J45.0 CA23.0
asthma)
1.1.13 | Occupational allergic rhinitis J30.4 CA08.0Z
1.1.13 | Toxic liver disease K71 DB95.Z
1.1.13 | Liver impairment K72.9 DB97.Y
1.1.13 | Skin pigmentation L81.9 EK5Y
1.1.13 | Aplastic anaemia D61.2 3A70.Z
1.1.13 | Bladder cancer Cc67 2C94.7
Occupational exposure to risk factors 757 QD84Y
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General
characteristics
of the causal
agent

Nitric acid esters are a class of organic chemicals represented by the general formula
R-ONO, (R being an alkyl or cycloalkyl group) and formally derived from alcohols (R-OH) by
substitution of the hydroxyl group -OH with a nitrate ester -ONO, group. Major representa-
tives of this class are the nitric acid esters of aliphatic polyalcohols such as glycols, glycerol,
sugars, and polysaccharides.

Nitroglycerine (NG), CAS number 55-63-0, is the oldest nitro-ester isolated and used as an
explosive from the mid-1800s. Pure NG is highly explosive and appears as a colourless to
yellow, oily, viscous liquid or as pale-yellow crystals. It starts decomposing at 50 to 60°C
and explosively decomposes above 218°C. It is slightly soluble in water and miscible with
acetone, ether, benzene, and many other organic solvents. It can be absorbed through
the skin.

Ethylene glycol dinitrate (EGDN), CAS number 628-96-6, is a clear colourless to yellowish,
oily liquid, heavier than water, soluble in alcohol and ether (not in water) and explosive
above 114°C. It is less explosive than nitroglycerine and characterized by a high percuta-
neous absorption.

Propylene glycol dinitrate (PGDN), CAS number 6423-43-4, is a colourless liquid with a char-
acteristic odour, heavier than water and slightly soluble (0.13 g/100 ml). It decomposes
above 121°C. An odour threshold of around 0.2 ppm has been reported.

n-Propyl nitrate, CAS number 627-13-4, is a pale-yellow liquid with a sweet, sickening odour.
An odour threshold of 50 ppm has been reported.

Nitrocellulose, CAS number 9004-70-0, is a light fabric material, which contains variable
amounts of nitrate substitution. Average substitution of one alcohol function per glucose
residue yields flammable but not explosive materials, while increasing substitution to a
maximum of three nitrate ester residues per glucose residue yields explosive materials.

Occupational
exposures

Most nitro-esters are employed as explosives both for civil purposes (mining, earthwork
and demolition) and in the military field as propellants for projectiles and rockets and as
blast agents. Small quantities are used in the pharmaceutical industry. Nitroglycerine is
highly explosive and still used by itself for this purpose in certain applications (e.g. in oil-
well drilling). More often, it is used with EGDN to make dynamite or with guncotton to
make cordite or other smokeless powders and in rocket propellants.

EGDN is mainly used as an explosive; when mixed with nitroglycerine, EGDN lowers its
melting point and reduces the hazard associated with the use of frozen dynamite. Most of
the data on the toxic effects of EGDN on workers come from such mixtures. Since EGDN
is 160 times more volatile than NG and since the usual mixtures in dynamite are 60-80%
EGDN and 20-40% NG, the vapour exposures are primarily to EGDN.

PGDN is the principal constituent of Otto Fuel II, a torpedo propellant.

n-Propyl nitrate has been used as a fuel ignition promoter, in rocket fuels, and as an inter-
mediate in organic synthesis.

A quantitatively minor use of nitroglycerine and isosorbide (a nitrate-class drug) is as phar-
maceutical agent releasing nitrogen oxide for the treatment of heart disease, given both
orally (nitroglycerine) and as controlled-release trans-dermal formulations (isosorbide).

Low-nitration nitrocellulose dissolved in acetone is employed as a bright lacquer in wood
finishing; an older, now discontinued use was in the movie industry; nitrocellulose disks
or sheets are used for blotting in biochemical laboratories. High-nitration cellulose is a
starting material for the manufacturing of industrial and military explosives.

All workers involved in the preparation and production of the above mentioned com-
pounds could be exposed to nitroglycerine and other nitric acid esters.

Toxicological profile, main health effects and diagnostic criteria

Short
toxicological
profile

Nitro-aliphatic esters are quickly absorbed by all routes, and their main pharmacological
effect is almost immediate vasodilatation of central and peripheral arteries. The vasodila-
tation of cerebral arteries provokes acute headaches, which were first noticed by chemical
workers in the early years of nitroglycerine production as an explosive. On the other hand,
subjects with hitherto intractable angina noticed an easing of chest pain: the neutralized
tailings of the production of nitroglycerine were thus marketed as oral drops or sublingual
pills for pharmaceutical use. Furthermore, the local vasodilatory effect exerted by nitro-
glycerine when absorbed through the skin was exploited to cure frostbites. Only towards
the end of the 20th century, the true pharmacological mechanism was clarified, with the
discovery of nitric oxide (NO) as the active diffusible transmitter. The sensitivity of the endo-
thelial cells to the action of NO released from the biotransformation of nitroglycerin is,
however, transient due to ‘desensitization’ of the receptors. The biotransformation of nitric
acid esters into nitrate and further into nitrite ions can generate methaemoglobinemia.
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Short It has been known for a long time that combining alcohol intake and nitrate esters expo-
toxicological sure may worsen headaches and, in some cases, induce temporary psychiatric disorders
profile with aggressive behaviour, as described in several reports of cases that mainly occurred

amongst Navy sailors. Although the released NO is able to generate highly carcinogenic
N-nitrosamines from endogenous amines, there is no evidence of carcinogenicity of ali-
phatic nitrate esters.

The health effects of short-term or intermittent exposure to NG or EGDN in the workplace
include headache, dizziness, nausea, palpitations, and a decrease in systolic and diastolic
pressure. All these symptoms are associated with vasodilatation. Most workers do not
experience these symptoms after repeated daily exposures to NG or EGDN as they develop
tolerance. The disappearance of these symptoms in workers exposed on successive days
of the work week indicates that vasodilatation from NG or EGDN has been counteracted by
compensatory vasoconstriction. Discontinuation of exposure to NG or NG-EGDN mixtures
of workers with a personal history of prolonged, high-level exposure has been associated
with angina pectoris and even sudden death, observed in particular during weekends or
holidays. The compensatory vasoconstriction in workers who have developed tolerance
to nitro-esters continues in the absence of exposure to a vasodilatating agent. It has been
postulated that this vasoconstriction leads to spasms of the coronary arteries and that
these spasms are related to angina pectoris and sudden deaths that occur during periods
when workers are not exposed to nitro-esters. Although this mechanism has not been
conclusively proven, exposed workers may have an increased risk of death from heart
disease. Skin irritation and sensitization (dermatitis) can result from dermal contact with
NG or EGDN.

Taken together, the available toxicokinetic data from studies of humans and animals and
from the pharmaceutical use of nitroglycerine are sufficient to conclude that nitroglycerine
can easily penetrate the skin and be absorbed in sufficient amounts to cause circulatory
and vascular effects up to death after removal from exposure because of continued vas-
cular tolerance.

Name of the diseases and ICD code: Acute diseases caused by nitroglycerine or other nitric acid esters
(Specific disease code) +T65.5 +Z57

Acute toxic encephalopathy (G92), Vascular headache (G44.1), Angina pectoris (120)

Short description of the disease

Most acute effects, consequent to inhalation, ingestion or skin absorption of nitroglycerine or other nitric acid
esters, are mainly caused by vasodilation and can affect the cardiovascular system, the blood, and the nervous
system. These effects are enhanced by alcohol consumption.

Acute poisoning due to absorption of high doses, in particular of nitroglycerine (occurring especially in industrial
workers), is characterized by: flushing of the face, headache, nausea, vomiting, fatigue, mental confusion, dizzi-
ness, orthostatic hypotension with reflex tachycardia and, in the most severe poisonings, seizures and convulsions.
In addition, methaemoglobinemia and cyanosis can appear.

A transient loss of vision reportedly occurred before acute toxic effects from nitroglycerine exposure. Most work-
ers rapidly adapt to the hypotensive action of nitroglycerine, but discontinuation of exposure may interrupt this
adaptation.

Subacute exposure causes vasodilatation, tachycardia, hypotension, and reduced pulse pressure. This can be fol-
lowed by bradycardia and collapse.

When these effects are less severe, a tolerance is established within a week. Thereafter the symptoms generally
disappear or become rather mild. When the exposure is interrupted for a short period (e.g. for about a day), no
significant reduction in tolerance is noted. After a longer period of absence, however, the symptoms reappear on
subsequent re-exposure to the agent.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Most of the immediate signs and symptoms may appear within a few minutes to one hour or more after
exposure to the nitroglycerine, in detail: headache, flush, hypotension, reduced blood pressure, post-
exposure angina pectoris, and methaemoglobinemia. In cases of severe poisoning, confusion, hallucina-
tions, and maniacal manifestations have been observed. Headache is generally preceded by a sensation
of warmth and fullness in the head, starts at the forehead, and moves upward towards the occiput. It may
extend down to the back of the neck and remain for hours or several days. Walking or attempting to stoop
enhances the pain. Palpitations and facial flushes can be present. Tremor of the hands is common. In very
severe cases, the signs can involve the heart muscle, with a reduced contractility. There may be delirium
and convulsions or sudden collapse.

- Mental disturbances: drowsiness, stupor, insomnia, languor, and fear can occur but are relatively minor
issues. More important are the effects of the very severe headaches, mental confusion, dizziness, mental
excitement, pugnaciousness, hallucinations, and maniacal manifestations.

- When EGDN was first introduced into the dynamite industry, the only changes noticed were similar to
those affecting workers exposed to nitroglycerine: headache, sweating, face redness, arterial hypoten-
sion, heart palpitations, and dizziness, especially at the beginning of work, on Monday mornings and after
an absence.

- EGDN causes arterial dilation, increased heart rate, and reduced blood and pulse pressure. Cases of sud-
den death have been reported amongst workers in contact with nitroglycerine; however, death has usu-
ally been attributed to the action of the EGDN mixed with nitroglycerine in the manufacture of dynamite.

- The acute and subacute effects of nitroglycerine or other nitric acid esters are enhanced by alcohol con-
sumption, with the production of a neuropsychiatric syndrome with aggressive behaviours.

- Most workers rapidly adapt to the hypotensive action of nitroglycerine, but discontinuation of exposure
(even for a few days, such as at the weekend) may interrupt this adaptation, and some workers may suffer
nausea when resuming work on Monday mornings.

- Methaemoglobinaemia due to PGDN exposure produces intense cyanosis and is accompanied by head-
ache, irritability, nervousness, dizziness, drowsiness, numbness, vertigo, weakness, fatigue, nausea, vom-
iting, dyspnoea, chest and abdominal pain, aphonia, air hunger, unconsciousness, seizures, tachycardia,
cardiac dysrhythmias and possible death. Normally, methaemoglobin levels are < 1% of haemoglobin.
Cyanosis occurs at methaemoglobin levels > 10%, and hypoxia occurs at methaemoglobin levels > 20-25%.

+ Examinations:

- Electrocardiography may show arrhythmia or ischaemia.

- Long-term blood pressure monitoring might help uncover blood pressure variations in presence/absence
of exposure.

- A chocolate-brown colouration of the blood samples can be a critical clue.

+ Differential diagnosis:
- Angina pectoris due to other causes.
- Drug use of glyceryl trinitrate should be taken into consideration.

Exposure assessment

+ History of occupational exposure: confirmed acute occupational exposure to nitroglycerine or other nitric
acid esters by inhalation, skin/eye contact, or accidental ingestion and, if available,

- Detection of the compounds or their metabolites in biological fluids, such as blood plasma or whole blood
levels of nitroglycerine or other nitric acid esters and their metabolites. Ethylene glycol dinitrate or its
metabolites can be measured in urine. Blood methaemoglobin levels should be monitored, especially in
workers exposed to PGDN.

- Workplace air monitoring of nitroglycerine or other nitric acid esters concentrations.

+ Minimum duration of exposure: few minutes.

* Maximum latent period: few hours.

Irritant contact dermatitis (L24)

Contact with nitric acid esters can cause irritation of the skin and mucous membranes, accompanied by burning
sensation, pruritus, redness and erythema. Nitroglycerine may produce moderate irritation: eruptions of the palms
and interdigital spaces and ulcers under the nails have been observed in workers handling nitroglycerine. For more
details on the clinical features and exposure assessment criteria of irritant contact dermatitis, refer to item 2.2.2.
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Name of the diseases and ICD code: Chronic diseases caused by nitroglycerine or other nitric acid esters
(Specific disease code) +T65.5 +Z57

Chronic toxic encephalopathy (G92), Angina pectoris (120)

Short description of the disease

Sudden removal of workers exposed for long periods (5-10 years) to nitroglycerine has resulted in life-threaten-
ing health effects and deaths, mainly due to the development of tolerance (acclimatisation, tachyphylaxis) to the
vasodilatory action of the substance, resulting in a semi-permanently altered health status characterized by blood
pressure changes and compensatory vasoconstriction. Withdrawal from exposure to the vasodilating agent (i.e.,
on a weekend or holiday leave) can therefore be associated with angina pectoris and death. At necropsy, often no
significant signs of atherosclerotic changes in the heart have been observed. The cases with withdrawal symptoms
reported have occurred after exposure to nitroglycol or to a mixture of nitroglycol and nitroglycerine.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms:

- In acclimatized subjects, any break in exposure, either during sleep or during the following first physical
efforts of the day after arriving at work, can cause malaise, weakness, vomiting, dizziness, headache, and
impaired vision.

- Neurological disorders, such as tremors, neuralgia, hallucinations, can occur.

- Workers exposed to nitroglycerine have reduced tolerance for alcohol, and concurrent ethanol ingestion
appears to potentiate nitroglycerine toxicity resulting in abnormal behaviour characterized by irritable
and destructive moods.

- Chronic exposure to these substances can increase anaemia. Exposure to nitroglycerine can cause leuco-
paenia.

- After continuous exposure to these agents for a number of years, chest pain may follow, usually 24-72
hours after interrupting the exposure. Symptoms disappear shortly after reexposure.

+ Examinations:
- Electrocardiography might indicate ischaemia.
- Full blood count could assist in excluding the presence of anaemia.

- Long-term blood pressure monitoring might highlight blood pressure alterations in the presence/absence
of the exposure.

- Chocolate-brown blood can be a critical clue; methaemoglobin assay can document methaemoglobin-
emia mainly due to PGDN.

Exposure assessment

+ History of occupational exposure: confirmed prolonged or repeated occupational exposure to nitroglycerine
or other nitric acid esters mainly by inhalation or skin absorption and, if available,

- Detection of the compounds or their metabolites in biological fluids, such as blood plasma or whole blood
levels of nitroglycerine or other nitric acid esters and their metabolites. Ethylene glycol dinitrate or its
metabolites can be measured in urine. Blood methaemoglobin levels should be monitored, especially in
workers exposed to PGDN.

- Workplace air monitoring of nitroglycerine or other nitric acid esters concentrations.
+ Minimum duration of exposure: five years.
* Maximum latent period: six months.

Other chronic diseases caused by nitroglycerine or other nitric acid esters

Raynauds phenomenon (173.0)

Some authors have reported that workers who handle dynamite can develop numbness in the fingers, paraes-
thesia, or Raynaud's phenomenon. The cause of these symptoms is not known, but some suggest that they might
be related to nerve damage secondary to peripheral stagnation of blood flow due to the vasodilatory action of
nitroesters.

Allergic contact dermatitis (L23)

This disease is recognized and compensated in some national systems as a consequence of exposure to nitric
acids, where the maximum latent period after cessation of exposure is 6 months. For further details on clinical
features and exposure assessment criteria of allergic contact dermatitis, refer to item 2.2.1.
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Key actions for
prevention

The pre-eminent industrial hazard of aliphatic nitric esters, rather than intoxication, is
catastrophic explosion occurring in production plants due to runaway reactions, in man-
ufacturing plants of ordnance or commercial explosives through electric sparks, during
fires of painting facilities, or in storage of old movie films. The main preventive primary
interventions are represented by the avoidance of dispersion of the compounds in the
working environment and of workers' skin contact. Personal protective equipment should
always be used. Exposure of pregnant workers to nitroglycerine or nitric acid esters is not
advisable.

The group of experts considered that the following limits of exposure of workplace atmo-
spheric concentrations have been observed to provide a reasonable level of protection for
workers' health and have been used in a number of countries:

Nitroglycerine, ethylene glycol dinitrate, and propylene glycol dinitrate: 0.05 ppm as 8hr
TWA, exposures to EGDN and nitroglycerine should be considered additive; n-Propyl
nitrate: 25 ppm as 8hr TWA.

The recommended standard for workplace exposure to NG/EGDN is designed to prevent
significant changes in the diameters of cerebral blood vessels during initial exposure, as
indicated by the development of throbbing headaches or by decreases in blood pressure,
thereby preventing the development of the compensatory vasoconstrictive mechanisms
that may eventually result in more serious effects. The possible condition of tolerance
deserves consideration before abruptly removing a subject from a situation of prolonged
exposure to nitroglycerine or other nitric acid esters.
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For the chemical entities listed below an entry exists in the collection of International Chemical Safety
Cards (ICSC) hosted in the ILO website

Name Synonyms ICSC

Nitroglycerine NG; Glyceryl trinitrate; Glycerol trinitrate; 1,2,3-Propanetriol 0186
trinitrate; Nitroglycerol; Trinitroglycerin; Blasting oil

Ethylene glycol dinitrate EGDN; EGN; 1,2-Ethanediol dinitrate; Ethylene dinitrate; Ethylene 1056
nitrate; 1,2-Dinitroethane; Glycol dinitrate; Nitroglycol

Propylene glycol dinitrate PGDN; 1,2-Propanediol dinitrate; 1,2-Propylene glycol dinitrate; 1392
Propylene dinitrate

n-Propyl nitrate Nitric acid, propyl ester; Monopropy! nitrate 1513

Nitrocellulose Cellulose nitrate; Cellulose tetranitrate; Pyroxillin 1560

P Table of diseases and risk factors with ICD-10 and ICD-11 codes

ILO Disease name ICD-10 ICD-11
1.1.14 ' Acute/chronic diseases caused by nitroglycerine or T65.5 NE61
other nitric acid esters &XM8T02
&XM5NZ1
&XMOWA9
&XM4PQ8
1.1.14 | Angina pectoris 1.20 BA40.Z
1.1.14 | Acute/chronic toxic encephalopathy G92 8D43.0Y
1.1.14 | Vascular headache, not elsewhere classified G44.1 8A84.Z
1.1.14 | Irritant contact dermatitis L24 EKO2
1.1.14 | Raynaud's phenomenon 173.0 BD42.Z
1.1.14 = Allergic contact dermatitis L.23 EK00.Z



https://www.ilo.org/dyn/icsc/showcard.listCards3?p_lang=en
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General Alcohols are a class of aliphatic hydrocarbon derivatives in which one hydroxyl group (-OH)
characteristics replaces one hydrogen atom.
of the causal

agent Alcohols with 1 to 4 carbon atoms, referred to as “lower alcohols”, are methanol, ethanol,

the isomers 1-propanol and 2-propanol, and the four isomers of butyl alcohol (butanol):
1-butanol, 2-butanol, iso-butanol and tertiary butanol. Lower alcohols are more or less
miscible with water and with organic solvents (in particular, methanol and ethanol are
completely miscible with water).

Glycols are a chemical class of aliphatic hydrocarbon derivatives in which two hydroxyl
groups (-OH) replace two hydrogen atoms on different carbon atoms.

Lower glycols of industrial interest are ethylene glycol (ethanediol), propylene glycols (1,2-
and 1,3-propanediol), butylene glycol (1,4-butanediol) and diethylene glycol. Long-chain
polyols belong to the same class of glycols but contain more hydroxyl groups (usually one
for each carbon atom). Lower glycols, similarly to alcohols and ketones, are more or less
miscible with water and with organic solvents. Ethylene, diethylene and propylene glycols
are completely miscible with water.

Ketones are a chemical class of aliphatic hydrocarbon derivatives in which one carbonyl
group (>C=0) replaces one internal methylene group (-CH,-).

Lower ketones of industrial interest are acetone, methyl-ethyl ketone (MEK), methyl-n-butyl
ketone (MBK), methyl isobutyl ketone (MIBK), cyclohexanone, and methyl-cyclohexanone.
Lower ketones are more or less miscible with water and with organic solvents (in particular,
acetone is completely miscible with water).

When the hydrocarbon portion of the compound contains four or less carbon atoms, alco-
hols and ketones are usually volatile liquids, while glycols are viscous liquids with a low
vapour pressure. Boiling points range from 64°C for methanol to 230°C for 1,4-butandiol.
Lower alcohols and ketones are flammable: the temperature on combustion is, however,
colder than that of other combustibles such as volatile hydrocarbon gases and liquids.

Occupational Lower alcohols, glycols, and ketones, and others, such as ethers and ether-glycols, esters
exposures and acetals as well as their technical mixtures, are often referred to commercially as “oxy-
genated solvents” and are widely employed in many technological applications as solvents
and as industrial chemical reagents. Occupational exposure to these and other chemical
compounds belonging to these chemical groups is thus possible in their production as
chemicals, in their use as starting products or solvents in industrial chemical syntheses,
in the manufacturing of industrial or consumer products, and in handling of formulated
products which contain them.

ALCOHOLS

Lower alcohols are used in industry mainly as water-miscible solvents and detergents. Spe-
cific alcohols are used in organic syntheses.

Methanol, CAS number 67-56-1, is industrially manufactured from syngas (a fuel gas mix-
ture of hydrogen and carbon monoxide). It is used as a chemical reagent in the manufac-
ture of formaldehyde and many other chemicals (notably methyl derivatives); as a solvent
for nitrocellulose, ethyl cellulose, and various natural and synthetic resins; as a denaturant
for ethanol; and as antifreeze and in automotive windshield washer fluid.

Ethanol, CAS number 64-17-5, is a component of fermented and distilled alcoholic bev-
erages such as beer and cider [alcohol concentration usually lower than 8% volume per
volume (v/v)], wine (alcohol concentration usually lower than 14% v/v), liquors (alcohol con-
centration usually lower than 28% v/v), spirits (alcohol concentration usually higher than
28% v/v). Ethanol obtained from fermentation of cereals is also used as a solvent in the
perfume industry and in some preserved foods. Ethanol from petrochemical manufacture
is usually obtained from ethylene and is used in organic synthesis. Ethanol for industrial
use is usually denatured by adding toxic and ill-tasting substances to avoid its food use.
This is often a cause of accidental intoxications, usually involving groups of people.

n-Propanol (or 1-propanol), CAS number 71-23-8, is manufactured industrially by oxo
synthesis from ethylene and syngas (hydroformylation) that generates propionaldehyde,
which is further reduced to n-propanol. Its main industrial uses are as a chemical reagent
and as a solvent for waxes, vegetable oils, resins, cellulose esters, and ethers. Other uses
with a potential for occupational exposure include the formulation of degreasing, polish-
ing, and brake fluids. More recently, health workers started using it as an alternative to
ethyl alcohol for hand disinfection.
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Occupational
exposures

iso-Propanol (or 2-propanol, or isopropyl alcohol), CAS number 67-63-0, is industrially man-
ufactured by acid-catalysed hydration of petrochemical propene or by hydrogenation of
acetone (a by-product of the production of phenol through the cumene hydroperoxide
reaction). The majority of isopropyl alcohol is used as a solvent, both in industry and in con-
sumer products. Among industrial uses with a potential for exposure are the preparation
and use of cleaning solvents for glues, paints, oils, and grease and its usage as de-icing
agent of liquid fuels. It is used in the fractional crystallization (“winterization”) of waxes to
separate high-melting triglycerides (“stearins”) from food oils. An ultra-high-purity grade
of isopropyl alcohol devoid of high-boiling impurities is used in semiconductor processing,
while a medical grade is used in surgical catgut (regenerated collagen) packaging as an
aqueous solution to impart flexibility. A 70% solution of iso-propanol in water is widely used
as rubbing alcohol in health-care, household (rubbing and spray polish for glass panes)
and personal care products (skin lotions, hair care and shaving products, home aerosols).
Occupational exposures mostly occur by inhalation, whereas exposure to consumer prod-
ucts is primarily by skin contact and can involve workers in healthcare and in the informal
sector.

n-Butanol (or n-butyl alcohol), CAS number 71-36-3, is industrially produced mainly together
with iso-butyl alcohol, by catalytic hydroformylation of propylene to yield n-butyraldehyde
and isobutyraldehyde. n-Butanol is used in the adhesives and plastics industry and to man-
ufacture butyl acetate (a widely used industrial solvent for paints with a strong fruit-like
smell), butyl-ether and butyl-ether acetate solvents, and butyl-ester acrylate and methac-
rylate (which are important monomers in the polymers). As a solvent, n-butanol finds wide
applications in cosmetics (fingernail basecoats, undercoats, polishes, enamels, and their
removers; degreasers), in the manufacture of gums, dyes, resins (including those for paper
and paperboard coatings for food packaging materials), cellophane, paints, lacquers, and
varnishes and in the biological extraction of egg yolks, flavours, oils, antibiotics, hormones,
and vitamins. It is also found in automotive brake fluid, perfumes, rubber cement, wood
treatments, and ground cement. It has utility as a flavouring agent in butter, cream, fruit,
and alcoholic beverages.

sec-Butanol (or rac-butanol), CAS number 78-92-2, is industrially synthesized by hydration
of n-butene and is primarily used as an intermediate in the manufacture of methyl ethyl
ketone (MEK). Minor reported uses are as a solvent for lacquers, enamels, vegetable oils,
gums and other natural resins, in industrial cleaning agents, polishes, penetrating oils and
paint removers, in hydraulic brake fluids, and in the synthesis of flotation agents. Optically
active sec-butanol is produced by fermentation of carbohydrates; in addition to being pres-
ent in fermented alcoholic beverages, it is used as a chemical reagent in the production of
fine chemicals (flavours and perfumes).

iso-Butanol, CAS number 78-83-1, is industrially manufactured along with n-butanol start-
ing with catalytic hydroformylation of propylene (see above). Its main industrial uses are
the chemical synthesis of iso-butyl acetate (a paint solvent), of diisobutyl-phthalate (a plas-
ticiser for polymers), and of esters for fruit flavouring essences. Minor uses include the
formulation of lacquer solvents and paint removers. Limited use with a potential for occu-
pational exposure occurs in chemical laboratories as solvent for liquid chromatography.

tert-Butanol, CAS number 75-65-0, is solid at room temperature, a unique characteristic
among lower alcohols. Industrial tert-butanol is produced by hydration of isobutylene and as
a by-product during the production of propylene oxide from isobutene. Its use as a solvent is
limited in the pharmaceutical and fine chemicals industry. It is used as a dehydrating agent
although its main industrial use is in the synthesis of methyl-tert-butyl and ethyl-tert-butyl
ether (MTBE and ETBE, respectively, that are anti-knock additives for gasoline), of tert-butyl
chloride (a chemical intermediate for the synthesis of fine chemicals), and of 2,5-ditert-
butyl phenol (an antioxidant for hydrocarbons and polymers). tert-Butanol is an authorized
denaturant for ethanol.

Isoamyl alcohol, CAS number 123-51-3, is the main constituent of fusel-oil (or fuselol), a
high boiling (“tailing”) product of alcoholic carbohydrate fermentation, from which it is
recovered by fractional distillation. It is mainly used as chemical reagent for fine chemicals
(photographic chemicals and pharmaceutical products), as a component of paint stripper
and in chemical laboratory analyses (e.g. it is used in an official method for measurement
of butterfat in milk).

Methyl isobutyl carbinol (or MIBC), CAS number 108-11-2, has been a solvent for dyestuffs,
oils, gums, resins, waxes, and cellulose esters. It has been used in flotation processes and
brake fluid.

Cyclohexanol, CAS number 108-93-0, is industrially produced by hydrogenation of phenol
and is the starting material for the production of adipic acid in the manufacture of nylon.
Minor uses include the synthesis of other fine chemicals, lacquers, paints, varnishes,
degreasers, plastics and plasticizers, soaps and detergents, textiles, and insecticides.
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Occupational Methyl-cyclohexanol (mixed isomers), CAS number 25639-42-3, has been used as a solvent
exposures for cellulose esters and ethers, a lubricant antioxidant, a blending agent for soaps and

detergents, in the textile and artificial silk industry, and as a degreasing agent.

Isooctyl alcohol (ethyl-hexyl alcohol), CAS number 26952-21-6, is a technical but chemically
inappropriate name for 2-ethyl-hexanol. This alcohol is synthesized by the aldol conden-
sation of n-butyraldehyde (itself produced by hydroformylation of propylene), followed by
hydrogenation of the resulting hydroxyl-aldehyde. Its main use is the production of phthal-
ate plasticizers and of non-ionic detergents and surfactants; a minor fraction is used as a
technical solvent in synthetic drying oils, cutting and lubricating oils, and hydraulic fluids.

Hexafluoro-isopropy! alcohol (or hexafluoro-isopropanol), CAS number 920-66-1, is indus-
trially prepared by catalytic hydrogenation of hexafluoroacetone (see below). It is an
important building block for the manufacture of specialty products, such as water-repel-
lent poly-acrylate resins and esters used for textile waterproofing, and of the inhalation
anaesthetic sevorane.

Propargyl alcohol, CAS number 107-19-7, is industrially produced by the copper-catalysed
addition of formaldehyde to acetylene (Reppe synthesis), as a by-product of the industrial
synthesis of 2-butyne-1,4-diol [being itself the industrial precursor of 1,4-butandiol (or
butyl-glycol)], and represents an important building block for fine chemicals. The main
industrial use of propargyl alcohol is in electroplating, as a corrosion inhibitor and electro-
plating brightening additive.

Glycidol, CAS number 556-52-5, is industrially prepared by epoxidation of allyl alcohol.
Among its main uses is the preparation of glycidol esters, which are in turn formulated
into epoxy resins, especially for coatings. It is used in industry as chemical reagent for fine
organic synthesis.

GLYCOLS

Glycols find several different uses in industry and technology. 1,2-, 1,3- 1,4-glycols are
employed as starting materials for the production of condensation polymers with dicar-
boxylic acids (polyester fibres such as polyethylene terephthalate); ethylene and propyl-
ene glycols are employed in formulations for antifreeze or liquid coolants; in brake fluids,
lubricants, de-icing, mould-release agents and ink solvents, as textile softening agents and
plasticizers (diethyleneglycol).

Ethylene glycol, CAS number 107-21-1, is industrially produced mainly by hydration of eth-
ylene oxide (a Group 1 IARC human carcinogen, see item 3.1.19) and in minor amount from
ethylene chlorohydrin. The main industrial use of ethylene glycol is as a building block for
polymers, especially in the manufacture of polyethylene terephthalate: this is a fully recy-
clable material with uses both as a textile fibre (as Dacron or Terylene) and as a mouldable
plastic, especially to manufacture containers for food liquids and aluminized plastic sheets
(Mylar). Ethylene glycol also finds use as a chemical intermediate in organic synthesis. The
main technological uses of ethylene glycol are as a drying agent; as a component of auto-
motive fluids such as antifreeze, coolants, hydraulic fluids, and de-icing agents; as a solvent
in inks, stain removers, polishes and adhesives, as a water-compatible co-formulant for
pesticides, in fire extinguishers, as a foam stabilizer in consumer products; as a heat-trans-
fer fluid in air conditioning units and solar energy systems.

a-Propylene glycol (1,2-propanediol), CAS number 57-55-6, is industrially prepared from
propylene through epoxydation of petrochemical propylene and base-catalysed “opening”
of propylene oxide. The industrial product is a racemic mixture and is used as a chemical
feedstock to produce unsaturated polyester resins (reaction with maleic anhydride and
isophthalic acid to yield thermosetting plastics) or the alcohol component of polyurethanes,
by further reaction with propylene oxide. Other bulk uses include that as a component of
de-icing fluids for air transport.

B-Propylene glycol (1,3-propanediol), CAS number 504-63-2, is industrially prepared
mostly by hydroformylation of petrochemical ethylene and hydrogenation of the obtained
3-hydroxypropionaldehyde (Shell process) or by hydratation of acrolein (Degussa process).
It is mostly used as a building block for condensation polymers (polytrimethylene tere-
phthalate or Eastman’s Tritan (that is used as a substitute of bisphenol A-polycarbonate
to produce Nalgene bottles) and as a component of water-compatible solvents and paint
removers.
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Butylene glycol (1,4-butanediol), CAS number 110-63-4, is the only one of the four isomers
of butanediol to have an industrial significance. Industrial butylene glycol is prepared by
several routes: from acetylene and formaldehyde (BASF-Reppe process); by hydroformyla-
tion of propylene (LyondellBasell process); from maleic anhydride (Davy process). Indus-
trial uses include as a component of water-based solvent mixtures and as a building block
for condensation polymers (polybutylene terephthalate). 40% of the production is used to
produce tetrahydrofuran (a cyclic ether used as water-soluble solvent) that is one precur-
sor of elastomeric polyurethane fibres, such as spandex (elastane). Minor uses include as
reagent in the industrial synthesis of fine chemicals.

Diethylene glycol, CAS number 111-46-6, is industrially produced mainly as a by-product
in the hydration of ethylene oxide to obtain ethylene glycol. The main industrial use of
diethylene glycol is as a building block for polymers, especially in the manufacture of dieth-
ylene glycol esters and of polyurethanes (in the plastics and lacquer industries; for further
details, see item 1.1.35); of plasticizers for polymers, of glycol-ethers and of explosives
(diethylene glycol nitrate; for further details, see item 1.1.14). Technological uses include
that as a plasticizer to impart flexibility to polyesters; as a softening agent for vinyl resins
and a textile finishing agent for wool, rayon, cotton, and silk; as a humectant (moistening
agent) for corks, tobacco, medical bandages; as an anti-freeze auxiliary (a 40% solution in
water freezes at -18°C and a 50% solution at -28°C) in water fire extinguishers (Sprinkler);
as a de-icer for aircraft and take-off/landing runways; as a hygroscopic water remover and
industrial dryer in a variety of applications (e.g. a brake fluid constituent as a rubber-swell
inhibitor, to increase the water tolerance of the fluid); as a component of household prod-
ucts, such as in mildew removers. In most applications diethylene glycol replaces the much
more toxic ethylene glycol.

Pentaerythritol (2,2-Bis(hydroxymethyl)1,3-propanediol), CAS number 115-77-5, is indus-
trially prepared by aldol condensation of formaldehyde and acetaldehyde. Its main bulk
chemical use is as a building block for the preparation of resins and lacquers and for the
synthesis of high-duty lubricants (pentaerythritol esters and alkyl-ethers) and of the indus-
trial and military explosive PETN (see item 1.1.14).

KETONES

Lower ketones are employed as solvents in cleaning and degreasing, in formulating inks,
resins, varnishes, lacquers, certain glues, surface coatings, paint removers, and automotive
care products. Some ketones are used as starting materials in industrial organic syntheses.

Acetone, CAS number 67-64-1, is a widely used industrial solvent and chemical intermedi-
ate. In addition to its formulation in paints, varnishes, and lacquers, it is used as a solvent
for cements in the leather, photography, fibre, and rubber industries. It is also used for
cleaning and drying precision parts. Workers potentially exposed to acetone include bron-
zers, painters, chemical process plant workers, adhesive makers, varnish and stain makers,
lacquer and oil processors, film makers, and those engaged in commercial and household
maintenance. Acetone is used as an intermediate in the manufacture of methyl isobutyl
ketone, mesityl oxide, acetic acid, diacetone alcohol, halomethanes, and certain explosives.

Methyl ethyl ketone (MEK, butanone), CAS number 78-93-3, is industrially prepared by cata-
lytic oxidation of 2-butanol. It finds industrial use mainly as a solvent; one specialty use is in
welding polystyrene (which is soluble in this solvent) in the surface coating industry; in the
de-waxing of lubricating oils; and in the manufacture of colourless synthetic resins, artifi-
cial leather, rubbers, lacquers, varnishes, and glues. MEK is seldom used alone in industrial
applications; it is usually found in mixtures with acetone, ethyl acetate, n-hexane, toluene,
or alcohols.

3-Methyl-2-butanone (Methyl isopropyl ketone, MIPK), CAS number 563-80-4 is industrially
prepared as a small-volume chemical from methyl isobutyl carbinol. It finds a limited use
as a solvent for nitrocellulose lacquers.

Methyl propyl ketone, CAS number 107-87-9, is industrially prepared as a small-volume
chemical by oxidation of 2-pentanol and finds limited use as a solvent. Small-volume spe-
cialty uses are as a flavouring agent, and in organic synthesis.

Diethyl ketone (3-pentanone), CAS number 96-22-0, is industrially prepared as a small-
volume chemical by thermal decarboxylation of calcium propionate (Piria synthesis). It
finds little, if any, use as a solvent, and small-volume specialty uses in organic synthesis.
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Methyl n-butyl ketone (2-hexanone), CAS number 591-78-6, is industrially prepared as a
specialty chemical from acetyl chloride and butyl-magnesium chloride or catalytically from
acetic acid and ethylene. Methyl n-butyl ketone is used as a solvent for cellulose nitrate,
vinyl polymers and copolymers, and natural and synthetic resins in a wide variety of
materials, including paints, lacquers, ink thinners, nitrocellulose, glues, resins, oils, fats,
and waxes, and in printing of plasticized fabric. Technical grade methyl n-butyl ketone has
typically been produced in a concentration of 70%, with the remaining 30% composed of
methyl isobutyl ketone.

Methyl isobutyl ketone (MIBK), CAS number 108-10-1, is industrially manufactured from
acetone through three consecutive reactions, which are integrated in a single production
unit (Uhde-Sasol process). Firstly, acetone undergoes an aldol condensation to give diac-
etone alcohol; diacetone alcohol readily dehydrates to give mesityl oxide; mesityl oxide is
hydrogenated to give MIBK. Due to its poor solubility in water, MIBK is used as a process
solvent for extraction from aqueous solutions, such as extraction of gold, silver and other
precious metals from cyanide solutions at gold mines. MIBK is used as a component of
cellulose and polyurethane lacquers and paint solvents. Methyl amyl alcohol is prepared
from MIBK, and MIBK is an authorized denaturant for industrial ethyl alcohol due to its
unpleasant taste.

Methyl n-amyl ketone, CAS number 110-43-0, is a natural product that occurs in clove
and cinnamon bark oil but is produced commercially via catalytic dehydrogenation of
2-hydroxyheptane. Methyl n-amyl ketone is used as a solvent in metal roll coatings and in
synthetic resin finishes and lacquers, as a flavouring agent, and in perfumes.

Methyl isoamyl ketone (5-methyl-2-hexanone, MIAK), CAS number 110-12-3, is industrially
produced by condensation of acetone with isobutyraldehyde, in a similar pathway to that
of MIBK. It is mainly employed as a solvent for cellulose esters, acrylics, and vinyl copoly-
mers.

Cyclohexanone, CAS number 108-94-1, is a major chemical product, which is industrially
obtained by oxidation of cyclohexanol and is used predominantly for the synthesis of
adipic acid and of caprolactame for the production of nylon polycondensation fibres. Minor
uses are as a solvent in insecticides, paints, paint and varnish removers, natural and vinyl
rubbers, and in the textile and tanning industries. Other specialty applications include its
use as a solvent adhesive or sealer for polyvinyl chloride plastic, which is used in medical
devices and other items. It is one of the dispersants of ferric oxide powder (“carrier”) for the
production of electronic magnetic media, such as video tapes.

Ethyl-n-butyl ketone (EBK), CAS number 106-35-4, is industrially synthesized by reductive
condensation of propanal with 2-butanone. It occurs naturally in breads and other baked
goods. EBKis employed as a solvent for nitrocellulose and polyvinyl resins and for baked-on
or air-dried finish mixtures. EBK is used as a fragrance in soaps, perfumes, detergents,
creams, and lotions.

Dipropyl ketone, CAS number 123-19-3, is industrially prepared by passing butyric acid over
precipitated calcium carbonate at 450°C (this is a flow-reactor modification of the Piria syn-
thesis, see above). It is employed as a solvent for nitrocellulose, oils, resins, and polymers,
and in lacquers and flavourings.

Ethyl amyl ketone (5-Methyl-3-heptanone), CAS number 541-85-5, is used as a solvent for
nitrocellulose-alkyd, nitrocellulose-maleic, and vinyl resins.

Diisobutyl ketone (2,6-Dimethyl-4-heptanone), CAS number 108-83-8, is used as a solvent
for synthetic resins, coating compounds, nitrocellulose, lacquers, and rubber. It is also used
in organic syntheses.

Methyl vinyl ketone (MVK), CAS number 78-94-4, is industrially prepared by the conden-
sation of acetone and formaldehyde, followed by dehydration. MVK polymerizes spon-
taneously upon storage and therefore is typically stored with hydroquinone (see item
1.1.33), which inhibits polymerization. MVK is a building block for styrene-MVK polymers
that are useful as photo-biodegradable polymers in packaging applications. It is a versatile
synthetic reagent for the synthesis of fine chemicals, such as natural products (synthetic
vitamin A) and pesticides (vinclozolin). Chemically, it is an “activated ketone” and a strong
electrophile (“alkylating agent”).

Mesityl oxide, CAS number 141-79-7, is industrially obtained by acid condensation of ace-
tone and employed as such as a solvent (for synthetic rubber, vinyl chloride-acetate copo-
lymers, cellulose esters and ethers, oils, gums, resins, lacquers, inks), as a stain and paint
remover. It is the precursor to industrially prepared methyl-isopropyl ketone by catalytic
hydrogenation. As a consumer product, it finds use as an insect repellent.
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Isophorone, CAS number 78-59-1, is an unsaturated cyclic ketone that has been used as a
solvent for polyvinyl resins, nitrocellulose resins, epoxy and alkyd resins, and polyacrylates,
and for a variety of fats, oils, and gums. Its primary use has been as a solvent for vinylic
resins applied by roller coating. However, it has also been used in pesticides and herbicides
and as a chemical intermediate.

Diacetone alcohol (4-Hydroxy-4-methylpentan-2-one, DAA), CAS number 123-42-2, is
industrially manufactured by potassium hydroxide catalysed condensation of acetone (the
technical grade solvent contains as much as 15% by volume of unreacted acetone). DAA is
the intermediate for the preparation of mesityl oxide and MIBK. It is used as a solvent for
nitrocellulose, cellulose acetate, celluloid, pigments, waxes, fats, and oils. Other technical
uses include the formulation of antifreeze and hydraulic brake fluids.

Diacetyl (2,3-butanedione), CAS number 431-03-8, is a naturally occurring flavouring sub-
stance found in some foods including butter, caramel, coffee, cocoa, and honey. It has
been identified in a number of daily products other than butter (e.g. cheese, yogurt, milk),
in several flowers and plant extracts, in aromatic components of tobacco smoke, beer and
wine. Synthetic diacetyl produced by dehydrogenation of 2,3-butanediol is used as a food
additive, mainly as a flavouring agent to impart a butter-like taste to popcorn margarine,
candies, and a wide range of other products. Other uses for diacetyl include those as reac-
tant/starting material in chemical laboratories, as analytical reagent, antimicrobial/preser-
vative, photoinitiator/photosensitizer in polymerizations.

Hexafluoroacetone, CAS number 684-16-2, is industrially prepared from hexafluoropro-
pene. Its main industrial use is as the precursor to prepare hexafluoro-isopropyl alcohol
and a specialty solvent for polymers (acetal resins, polyamides, polyglycolide, polyacetals)
and polyols, or as a polymer adhesive.

Toxicological profile, main health effects and diagnostic criteria

Short
toxicological
profile

Most alcohols, glycols and ketones with simple alkyl or cyclo-alkyl structure can be inhaled
as airborne vapours and mists (according to their physical characteristics of volatility)
through the respiratory tract, and be more or less completely absorbed. Depending on
their nature and concentration, and on the duration of exposure, irritation of the airways
can occur.

Absorption through the skin is possible since these compounds and complex mixtures of
them are often used in formulations and in consumer products. In the case of the less
volatile compounds, skin absorption is the most likely route.

Especially for industrial methanol and ethanol, there is the possibility of accidental or delib-
erate ingestion as illegal alcoholic drinks, usually with severe consequences. Following
absorption, they are usually bio-transformed in the liver and often enter into the pathways
of the fundamental cell metabolism, such as glycolysis and the Krebs cycle, the biosyn-
thesis of fatty acids, and other biochemical pathways of mineralization. In some cases,
their intermediate bio-transformed forms are chemically reactive and can impair biolog-
ical mechanisms by overloading the biochemical pathways, through inactivation of key
enzymes or other specific mechanisms. Some compounds, such as methyl-vinyl ketone,
diacetone alcohol, and mesityl oxide are themselves highly reactive electrophiles that can
inactivate key enzymes. Other compounds, such as 2-hexanol and methyl-n-butyl ketone,
yield the strongly reactive metabolite hexane-2-5-dione, which is a specific peripheral neu-
rotoxic agent.

The un-metabolized fraction of these compounds is excreted in the urine or undergoes
very simple biotransformation into conjugates, especially glucuronides and sulphates.
During exposure and in the early hours after cessation of exposure, the elimination of the
more volatile compounds and of some bio-transformed forms occurs by exhalation in the
expired air, as typical of ethyl alcohol and acetone.
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Short ALCOHOLS

toxicological Methanol is absorbed quickly from the lungs and the skin and is rapidly distributed to the
profile liver, where it is bio-transformed to formaldehyde and to formic acid or formate (i.e., the

anion derived from formic acid). Massive ingestion (as it is the case when drinking metha-
nol as a component of uncontrolled or illegal spirits) causes systemic acidosis, which can
rise to life-threatening levels. The most dangerous long-term effect of non-fatal intoxica-
tion from methanol is a specific blindness or serious visual impairment.

Ethanol is a fundamental component of fermented alcoholic beverages. As a nutrient
component of food, ethanol is completely mineralized to carbon dioxide, but excessive
ingestion causes an overload of the metabolic capacity of the liver, which can be damaged
by chronic abuse (alcoholic steatosis and cirrhosis). Un-metabolized alcohol crosses the
blood-brain barrier and reaches the brain, where it displays its neurotoxic effects, both
acutely (drunkenness) and following chronic abuse (e.g. Korsakoff psychosis). Abuse of
alcohol as a drink is a common problem and has long-term effects for the alcohol user and
for the offspring, especially if the user is a female of reproductive capacity. Alcohol drinking
is classified by IARC as a Group 1 human carcinogen (malignant tumours of the oral cavity,
pharynx, larynx, oesophagus and liver). Exposure to ethyl alcohol at occupational levels
mostly occurs through the airways, where it causes mild irritation. Concentrated ethanol
splashes that reach the eyes can cause chemical burns and severe ocular damage.

n-Propanol, absorbed through the airways and through the skin at occupationally relevant
concentrations and doses, is quickly metabolized to propionaldehyde and propionic acid,
which enter the carbon mineralization pathway. It is reported as a milder skin irritant than
ethyl alcohol and thus it is used as an alternative hand disinfectant to ethyl alcohol. Over-
exposure through ingestion is unlikely due to its strongly unpleasant taste.

iso-Propanol is absorbed through the airways and the skin; overexposure through inges-
tion is unlikely due to its strongly unpleasant taste. It is quickly metabolized to acetone,
which is mostly eliminated in the urine and with exhaled air, to which it imparts the char-
acteristic “solvent-like” off-smell that is typical of uncompensated diabetes. In a minor
amount, acetone enters the carbon mineralization pathway.

n-Butanol is absorbed through the airways, although its strong odour is sufficient to alert
to inadvertent exposure; skin absorption is slow and over-exposure through ingestion is
unlikely due to its strongly unpleasant taste, although it is a trace component of alcoholic
beverages. Most toxicological information comes from studies performed on butyl acetate,
a common industrial solvent that is quickly and completely hydrolysed in vivo to n-butyl
alcohol. The dose absorbed at occupationally relevant concentrations is quickly metabo-
lized to butyraldehyde and butyric acid, which enter the carbon mineralization pathway.
Minor amounts are excreted in the urine as glucuronide and sulphate conjugates. It does
not show cumulative neurotoxicity.

sec-Butanol is well absorbed by inhalation and by skin contact, but a large fraction (> 50%,
up to 80%) of the inhaled dose is eliminated through the exhaled air. The retained dose
is eliminated rapidly from the blood with an elimination half-life of about 2.5 hours. It is
extensively metabolized, although less than other lower alcohols, when present in mix-
tures. Approximately 1% of the dose is excreted as glucuronide. The acute effects of admin-
istration are due to its “alcohol-like” narcotic effect. It is not a significant skin irritant.

iso-butanol is very similar to n-butyl alcohol in its effect, although its vapour pressure
(higher than n-butyl alcohol) increases absorption by inhalation. Absorption also occurs
by skin contact. Most biotransformation occurs by conversion to carboxylic acid (isobutyric
acid) and by glucuronidation.

tert-Butanol is the only four-carbon alcohol that is solid at ambient temperature: therefore
its absorption through the skin is likely negligible and it is a mild skin irritant. No other
effects on humans have been reported and no reports of human poisoning are known.
It is bio-transformed much less than the other isomers, and a substantial fraction of the
dose is excreted as the glucuronide. Data on carcinogenicity, teratogenicity, or effects on
reproduction are not adequate for toxicological evaluations.

Isoamyl alcohol is absorbed through the skin more than by inhalation due to its low vola-
tility and causes human skin erythema and irritation of eyes and upper respiratory tract.
It causes central nervous system depression and is deemed to be toxic by ingestion of
around 30 mL for an adult individual. It is bio-transformed mainly by oxidation to the alde-
hyde and the carboxylic acid that are mineralized in the Krebs cycle. Elimination of the
glucuronide in the urine is a minor pathway, in the order of less than 10% of the dose. It is
not considered to show synergy with ethanol in inducing ethanol-metabolizing enzymes
and liver cytochromes, although this behaviour has only been studied in animal models.
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Methyl isobutyl carbinol is absorbed more through the skin than by inhalation (due to its
low volatility) and causes only slight skin erythema and irritation of the eyes. It is mainly
biotransformed to the glucuronide and in a small proportion is eliminated in the urine as
methyl-isobutyl ketone.

Cyclohexanol is absorbed both by inhalation and through the skin and is an eye, nose and
throat irritant. While its main biotransformation process is glucuronidation prior to urinary
excretion, a small fraction of the dose is hydroxylated to the 1,2-diol prior to excretion. Its
oxidation to cyclohexanone (see below) is of poor efficiency.

Isooctyl alcohol is absorbed more through the skin than by inhalation (due to its low vola-
tility) and causes only slight irritation. Its biodegradation, yet little studied, is likely to occur
through oxidation to the aldehyde and carboxylic acid, and further mineralization through
the Krebs cycle. The unmodified compound is likely eliminated in a small proportion of the
dose as the glucuronide.

Hexafluoro-isopropyl alcohol is a volatile liquid that is easily absorbed by inhalation and
through the skin and mucosae. At all contact sites it is an irritant due to its acid character.

Propargyl alcohol is well absorbed by inhalation and absorption through the skin is
reported as limited, due to its volatility. It is a poor substrate of alcohol dehydrogenases,
but is extensively metabolized in the liver, where it causes depletion of glutathione and
organ damage. Most of the dose is eliminated as carbon dioxide and in urine.

Glycidol has been shown to be carcinogenic in experimental animals, although no evidence
is available in humans. The IARC thus classified it as probably carcinogenic to humans
(Group 2A).

GLYCOLS

Ethylene glycol is rapidly absorbed by the gastrointestinal tract, while dermal absorption
is slow. Due to its very low vapour pressure, exposure by inhalation is generally not asso-
ciated with toxicity. Acute systemic toxicity from ethylene glycol has been described after
ingestion of concentrations in the order of at least 1 mg/kg body. Ethylene glycol is metab-
olized in the liver to a variety of compounds of increasing toxicity, such as glycol-aldehyde,
glycolic acid, glyoxylic acid, and finally oxalic acid, with only a small fraction of absorbed
ethylene glycol excreted unchanged in the urine. The metabolites are responsible of the
systemic toxicity of ethylene glycol, since they inhibit several fundamental biochemical pro-
cesses, such as oxidative phosphorylation and cellular respiration, glucose and serotonin
metabolism, protein synthesis, DNA replication, and the synthesis of ribosomal RNA. The
accumulation of organic acid metabolites, especially of glycolic acid, results in an anion gap
metabolic acidosis that affects many cellular functions. Acute systemic ethylene glycol poi-
soning causes a depression of the central nervous system followed by metabolic acidosis,
pulmonary oedema, renal failure with the formation of oxalate crystals, and death, in the
most severe cases.

a-Propylene glycol has a negligible vapour pressure, therefore absorption of toxicologi-
cally relevant doses through inhalation is unlikely. Dermal and ocular exposures do not
appear to elicit significant irritation and cause sensitization, nor does dermal absorption
appear to cause absorption of toxicologically relevant doses. The biotransformation of
doses absorbed in occupationally relevant conditions is not likely to interfere with human
metabolism, since the absorbed substance enters the cellular pool of nutrient substrates
(oxidation to lactic and pyruvic acid).

B-Propylene glycol is an oily substance with negligibly low volatility and a scarce absorp-
tion through the skin. The biotransformation of doses absorbed in occupationally relevant
conditions is not likely to interfere with human metabolism, since the absorbed substance
enters the cellular pool of nutrient substrates (oxidation to malonic acid).

Butylene glycol (1,4) is an oily substance with very low volatility and negligible absorption
through the skin, that does not appear to pose significant occupational hazard. Of note is its
neurobehavioral and neurotoxic effects (fatal cases reported) when it is ingested in gram-
sized doses, as a recreational abuse substance that is a metabolic precursor to gamma-
hydroxy-butyrolactone (GHB).
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Diethylene glycol has been reported to represent a health hazard mainly by acute oral
exposure. Due to its low volatility, there is no information available in humans on the
effects of exposure through inhalation. No data is available on its potential eye irritating or
sensitizing properties in humans. Diethylene glycol has mild if any irritating effects on the
human skin. Most toxicological information on the acute toxic effects of diethylene glycol
derives from observation of the consequences of its past use as a solvent in the formula-
tion of pharmaceutical drugs, such as a sulphanilamide. Ingestion of concentrations in the
order of 0.5 to 1 g/kg body weight led to severe intoxication with acute and potentially fatal
renal failure. Initial effects include nausea, vomiting, headache, polyuria, and abdominal
and back pains. Laboratory analysis shows signs of metabolic acidosis (increased anion
gap), increased levels of the serum aminotranferases and creatinine, and elevated white
blood cell count. If untreated, renal failure may develop within a few days, followed by
coma, convulsions and death in severe cases. Autopsy has revealed lesions in the kidneys
and the liver.

KETONES

Acetone is absorbed by inhalation and from the skin, where it causes mild irritation from
removal of skin lipids and can enhance absorption of other substances. At high airborne
concentration, it is an irritant of upper airways. Its systemic toxicity is very low and health-
and life-threatening doses are unlikely to be absorbed. Since it is a natural product of
human primary metabolism, generated by enzymatic decarboxylation of acetoacetate
(itself a metabolic product of the mitochondrial beta-oxidation of fatty acids), most of
absorbed acetone is mineralized by conversion to acetyl-CoA, while a fraction of 30-70% is
eliminated with exhaled air. The same is true for endogenously generated excess acetone,
as occurs chronically in uncontrolled metabolic diseases (such as diabetes) and physiolog-
ically during prolonged fasting.

Methyl ethyl ketone is absorbed by inhalation and from the skin, where it causes mild irri-
tation and produces dermatitis by removal of skin lipids. It is a mild narcotic, and there is
a report of retrobulbar neuritis in a young worker exposed to this solvent. MEK is also an
oxidation biotransformation product of 2-butanol.

Methyl isopropyl ketone is absorbed by inhalation and from the skin and is a mild skin
irritant but not a sensitizer. It is a trace product of human metabolism and, as such, it is
detected in exhaled breath air. Its main likely biotransformation product is the glucuronide
of the corresponding secondary alcohol.

Methyl propyl ketone is absorbed by inhalation and from the skin, and a significant fraction
is eliminated with exhaled air, while the remaining dose is excreted as metabolites, likely
as conjugates with glucuronic acid. It is a major biotransformation product of n-pentane.

Diethyl ketone is absorbed by inhalation and from the skin and is a mild irritant of skin and
mucosae. There is little toxicological information on this substance, but it is likely elimi-
nated with exhaled breath air and in the urine, as the glucuronide of the corresponding
secondary alcohol.

Methyl-n-butyl ketone is absorbed as an airborne vapour and through the skin. Its biotrans-
formation route of main toxicological concern leads to the specific peripheral neurotoxic
agent hexane-2,5-dione. This compound is well known as the final metabolite of hexane
(see item 1.1.21), generated through the microsomal hydroxylation at the (n-1) methylene
position at both ends of the hydrocarbon chain to yield in sequence 2-hexanol, MNBK,
2-hydroxy-5-keto-hexane and finally hexane-2,5-dione. The lipophilic end metabolite reacts
with the epsilon-amino group of lysine in the hydrophobic proteins of the nerve axon, to
generate 2,5-dimethyl-N-proteinyl-pyrrole adducts. In turn, these compounds easily oxi-
dize and generate cross-links of the protein that ultimately lead to structural and functional
degeneration of the distal axonal portion of motor neurons. The outcome is a progressive,
irreversible retrograde paralysis of hands, feet and limbs.

Methyl isobutyl ketone is absorbed by inhalation and from the skin, towards which it is
not significantly irritant. It is not neurotoxic. Its main biotransformation products are
4-hydroxy-4 methyl-2-pentanone (hydroxylation at secondary carbon) and 4-methyl-2-pen-
tanol (reduction of carbonyl group).

Methyl n-amyl ketone is mainly absorbed by skin contact, due to its low volatility. Co-expo-
sure with hepatotoxic solvents, such as chloroform, appears to potentiate the toxicity of
the latter.
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Methyl isoamyl ketone can be absorbed through the skin rather than by inhalation, due
to its poor volatility and oily liquid character. Reported or anticipated adverse effects in
humans only refer to the onset of skin irritation and of allergy following repeated contact.

Cyclohexanone is absorbed by inhalation and by skin contact and its main biotransforma-
tion product is the glucuronide of cyclohexanol, with trace amounts of the diol glucuron-
ide-sulphate and of cyclohexyl mercapturic acid. Cyclohexanone depresses the central ner-
vous system and is narcotic at high concentrations. It is irritating to mucous membranes,
eyes, and skin.

Ethyl-n-butyl ketone can be absorbed by skin contact, rather than by inhalation, due to its
poor volatility and oily liquid character. It can potentially be bio-transformed to a higher
homologue of 2,5-hexanedione, and some experiments show potentiation of the neuro-
toxicity between MBK and EBK.

Dipropyl ketone is absorbed as an airborne vapour and through the skin. It is mostly an eye
and skin irritant.

Ethyl amyl ketone can be absorbed by skin contact, rather than by inhalation, due to its
poor volatility and oily liquid character. Evidence on its toxicity is scarce and it does not
appear to be a skin irritant or sensitizer. It can potentially be bio-transformed to a higher
homologue of 2,5-hexanedione, but there is no published literature information on this
aspect.

Diisobutyl ketone is mostly absorbed through skin contact, rather than through inhala-
tion. It is not a primary skin irritant, but skin defatting occurs on repeated contact. Little is
known on its biotransformation and excretion that possibly entails reduction to the alcohol
and conjugation to the glucuronide. The structure of DIBK precludes metabolism to the
neurotoxic metabolite 2,5- hexanedione.

Methyl vinyl ketone is most likely absorbed by inhalation and through the skin and is an
irritant due to its strong electrophile character.

Isophorone is efficiently absorbed by skin contact, which is the most likely way of exposure
due to its low volatility. Absorbed isophorone is mostly converted into a number of bio-
transformation products, derived from hydroxylation of the allylic methyl group (isophorol)
and further conversion to a carboxylic acid that is excreted into the urine as the glucuron-
ide. Although isophorone features an activated carbonyl group, its reactivity towards DNA
is poor.

Diacetone alcohol is absorbed by inhalation and through the skin. Prolonged skin contact
is irritant and there is a literature record of a delayed irreversible kidney damage in worker
who was exposed to a mixture of diacetone alcohol and ethanol. Due to its possible con-
version to mesityl oxide by dehydratation, it is possible that the effects are in part due to
this strong electrophile.

Mesityl oxide is a high-boiling, viscous solvent, so that the most relevant route of exposure
is by skin contact. It has a strong peppermint odour and due to its electrophilic chemical
reactivity, it is a mild irritant of the mucosae and upper airways. It is known that co-expo-
sure to ethyl alcohol enhances its central narcotic effects. Its reaction with sulphur amino
acids and peptides, such as cysteine and glutathione, followed by a further biotransforma-
tion of the generated thiol conjugates, generates off-smelling compounds that are mainly
excreted in exhaled air and sweat, and are likely responsible for its insect repellency.

Diacetyl is absorbed through inhalation and is a recognized lung toxicant, responsible
for a severe bronchiolitis obliterans in a group of food workers formerly employed at a
microwave-popcorn production plant. In vitro, diacetyl is an uncoupler of oxidative phos-
phorylation and it is known to react with the guanido group in the side chain of arginine,
but the relationship of these observations with the development of specific lung toxicity is
not known.

Hexafluoroacetone is likely absorbed from both inhalation and skin contact. There is
little information, except for generic warning to use it as a chemical that requires special
handling.
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Name of the diseases and ICD code: Acute diseases due to direct contact with alcohols, ketones or their
vapours (Specific disease code) +T51, T52.4 +Z57

Respiratory tract irritation (J68), Acute chemical pneumonitis (J68.0), Upper respiratory inflammation
(J68.2), Conjunctivitis (H10.2), Corneal ulcer (H16.0), Corneal scar and opacity (H17.9), Corneal oedema
(H18.2)

Short description of the disease

Exposure to high concentration of alcohols or ketones (and their vapours) can cause irritation of eyes and respira-
tory tract, with rhinitis, laryngitis, and bronchitis. High exposures to ketone vapours may lead to chemical pneu-
monitis.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms:

- Exposure to inhaled high concentrations of alcohols or ketones (and their vapours) can lead to symptoms
of lung and upper respiratory tract irritation, including sneezing, rhinorrhoea, redness of the throat, epi-
staxis, nasal itching and soreness, coughing, wheezing, inspiratory pain, bronchitis, and pneumonitis.

- In case of contact with the eyes and adnexae, alcohols or ketones (and their vapours) may produce a local
inflammation (conjunctivitis) up to corneal ulcers, with alteration, reduction or loss of vision.

+ Examinations:
- Chest X-rays may reveal a picture of pneumonitis or bronchitis, with increased bronchovascular markings.

- An ophthalmic examination should be performed, including visual acuity and slit lamp inspection of the
cornea. Corneal ulceration may be seen on corneal examination.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to alcohols, ketones or their vapours via
inhalation, ingestion or dermal and mucous membranes contact.

+ Minimum duration of exposure: minutes.
* Maximum latent period: 48 hours.

Name of the diseases and ICD code: Acute diseases caused by alcohols
(Specific disease code) +T51 +Z57

Acute systemic poisoning by methanol (T51.1), Toxic optic neuropathy due to methanol toxicity (H46),
Visual disturbances and blindness due to methanol toxicity (H53-H54)

Short description of the disease

Methanol may be acutely toxic following inhalation of very high doses, percutaneous exposure or ingestion, the
latter being very uncommon in occupational settings. Acute toxicity from methanol manifests as central nervous
system depression, followed by a latent period of varying duration, from 8 to 36 hours, and occasionally up to 48
hours. Subsequently, metabolic acidosis develops, superimposed with headache, nausea and features of ocular
toxicity. Ocular toxicity may range from photophobia, amblyopia, and misty or blurred vision to markedly reduced
visual acuity and complete blindness; ingestion of doses in the order of 4-10 mL methanol in adults may cause
severe damage. Coma and death may occur after very high exposures. The minimal lethal dose following ingestion
is considered to be in the range of 300-1000 mg/kg. When non-fatal, severe intoxication may cause permanent
damage to the central nervous system (CNS), manifest as a Parkinsonian-like condition and permanent blindness.

The timeline of methanol poisoning can usually be summarized as follows (see below for further details):
1. Central nervous system depression.
2. Asymptomatic latent period.
3. Severe metabolic acidosis with gastrointestinal symptoms.
4. Ocular toxicity followed by blindness, coma and in extreme cases death.

5. Ocular and neurological sequelae in survivors.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

Central nervous system involvement: headache, vertigo, lethargy, and confusion occur commonly in mild
to moderate methanol intoxication. The occurrence of coma and convulsions during severe cases of meth-
anol poisoning suggests the presence of cerebral oedema. In addition to blindness, survivors of severe
methanol intoxication may develop a Parkinson-like extrapyramidal syndrome characterized by rigidity,
bradykinesia, mild tremor, masked faces, lethargy, and mild dementia.

Ocular toxicity: the ophthalmologic symptoms and signs of methanol poisoning range from blurred vision
and altered visual fields to complete blindness. Blurred vision, decreased visual acuity, photophobia, and
“feeling of being in a snow field” were common complaints in over one-half of patients in an epidemic of
methanol poisoning. Visual impairment usually takes the form of central scotoma or complete blindness
secondary to optic nerve atrophy.

Gastrointestinal system involvement: methanol typically produces nausea, vomiting, and abdominal pain.
Abdominal pain may be severe as a result of the development of pancreatitis, which is a common compli-
cation of severe methanol poisoning, with an increase of serum amylase. Elevation of hepatic aminotrans-
ferases is usually mild and transient.

Kidney involvement: although the occurrence of myoglobinuria is a rare complication of methanol poison-
ing, if present it may cause renal dysfunction. Subjects with a hospital admission methanol concentration
of 400 mg/dL have been reported to develop acute renal failure in association with myoglobinuria (renal
dysfunction peaked on the eighth day and returned to normal within one month).

Sequelae of methanol poisoning: permanent damage (residual scotomata) can result although complete
blindness is avoided. Difficulties in speech and motor sequelae have afflicted those patients who survived
the initial, severe metabolic acidosis (see below).

* Examinations:

Ophthalmic exam: in case of methanol toxicity the pupils are dilated, the sclerae are congested, and there
is pallor of the optic disc with central scotoma.

Alterations of the acid-base balance: the presence of severe metabolic acidosis with increased anion and
osmolar gaps strongly suggests the presence of methanol intoxication. The anion gap is the difference
between the sum of the measured cations and the sum of the measured anions. Under normal circum-
stances, this gap represents negatively charged proteins (albumin), fatty acids, and inorganic anions (sul-
phates, phosphates). Normally, the anion gap is about 12-16 mmol/L, but the actual concentrations vary
between laboratories depending on the accuracy of laboratory measurements. The generation of formate
and, to a lesser extent, lactate contributes to the anion gap during methanol intoxication. A profound
metabolic acidosis occurs during severe methanol poisoning. Most seriously intoxicated patients with a
serum bicarbonate level<18 mEq/L had serum methanol concentrations over 50 mg/dL (500 mg/L). In all
symptomatic patients, arterial pH should be measured.

Serum concentrations of methanol and formate: a variety of factors complicate the correlation of serum
methanol concentrations to clinical effects, including differences in sample collection, individual variabilty,
concentration of toxic metabolites, and ethanol ingestion. Clinical symptoms and mortality correlate more
closely with metabolic acidosis and formate concentration rather than with serum methanol concentra-
tions. Diagnosis may be aided by the analysis of formate in serum, although elevated concentrations of
formate in serum is not specific for methanol intoxication, because exposure to formate itself may have
occurred.

Haematological and biochemical abnormalities: isoamylase analysis indicates that a substantial portion of
the amylase elevation may result from inflammation of the salivary glands, and therefore, the presence of
an elevated serum amylase does not necessarily imply the presence of pancreatitis. Case reports indicate
that myoglobinuric renal failure may complicate methanol poisoning. Pancreatitis, including severe nec-
rotizing pancreatitis, is a common complication of severe methanol intoxication. In a series of 22 cases of
methanol intoxication, 11 patients developed evidence of pancreatic damage and 1 patient died of acute
necrotizing pancreatitis. Elevation of the mean corpuscular volume occurs during severe methanol poi-
soning, probably as a result of generalized cellular swelling. The haemoglobin, haematocrit, and leucocyte
counts are usually normal.

Imaging studies: the most consistent radiographic finding following severe methanol intoxication is bilat-
eral necrosis of the putamen. In cases of severe methanol intoxication, non-enhanced CT at the time of
admission can demonstrate hypodensity in the putamen, and less often, in the caudate nucleus. However,
CT imaging of the brain frequently is normal when performed within the first 24 hours after methanol
ingestion. Although initial MRI scans may not demonstrate optic abnormalities despite the presence of
blindness on clinical examination, case reports indicate that repeating MRI scans one month after metha-
nol poisoning demonstrate atrophy of the optic chiasm and pre-chiasmatic optic nerves.
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- Electrophysiological tests: in an electroretinogram, the negative a-wave reflects photoreceptor activity and
the b-wave reflects the conduction of impulses through the bipolar cell layer including Mdiller glial cells. A
reduction of the a- and b-wave amplitude occurs during acute and chronic methanol intoxication. Revers-
ible retinal and optic nerve dysfunction can occur during the early stage of methanol poisoning.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to very high doses of methanol, either
through inhalation, percutaneous absorption, or ingestion (the latter being very uncommon in occupational
settings).

+ Minimum duration of exposure: some minutes.
+ Maximum latent period: 48 hours.

Acute systemic poisoning by isopropyl alcohol (T51.2)

Short description of the disease

Different studies have documented acute human toxicity following poisoning by isopropanol. In particular, after
irritation of eyes, nose and throat, neurobehavioral effects with postural imbalance have been observed. Acute
isopropanol intoxication has a rapid onset (less than one hour) and peak effects typically occur within several hours
of exposure. If serious nervous system effects occur, they may persist for up to 24 hours.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- The major symptoms of acute isopropanol intoxication include irritation of upper respiratory tract, short-
ness of breath, dizziness, incoordination, headache, confusion, flushing, hypothermia, contracted pupils
and ocular ataxia.

- Vomiting, haematemesis, diarrhoea, and hypotension may occur following ingestion of large quantities of
isopropanol.

- Extremely high intakes of isopropanol may result in aspiration pneumonia, respiratory depression, lung,
spleen and liver congestion, tachycardia, severe confusion, severe hypotension, shock, impaired reflexes,
kidney and liver dysfunction, and coma.

+ Examinations:

- Abnormalities at laboratory testing may include hyperglycaemia, elevated protein levels in cerebrospinal
fluid, presence of acetone in the blood, urine, and exhaled breath, acetonaemia and acetonuria without
metabolic acidosis, and a significant osmolality gap.

- Chest X-rays may show atelectasis.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to high concentrations of isopropanol
and its vapours, especially through inhalation.

+ Minimum duration of exposure: several minutes.
+ Maximum latent period: 48 hours.

Irritant contact dermatitis (L24)

Contact of alcohols (especially methanol and n-propanol) with unprotected skin for at least 30 minutes can cause
skin irritation. For more details on clinical features and exposure assessment criteria of irritant contact dermatitis,
refer to item 2.2.2.

Allergic contact dermatitis (L23)

Allergic contact dermatitis may develop as a consequence of contact to certain compounds, in particular isopropyl
alcohol that is a sensitizer. Symptoms may appear during exposure, within 48 hours, or after few days at the latest.
For more details on clinical features and exposure assessment criteria of allergic contact dermatitis, refer to item
2.2.1.
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Name of the diseases and ICD code: Acute diseases caused by glycols (Specific disease code) +T52.3 +Z57

Acute systemic poisoning by ethylene glycol (T52.3), Acute toxic encephalopathy due to ethylene glycol
(G92)

Short description of the disease

Asingle exposure to high doses of ethylene glycol may lead to the onset of central nervous system symptoms, i.e.,
headache, lightheadedness and disturbances of equilibrium at the end of a working day. These symptoms usually
disappear after the end of the exposure. Ingestion of ethylene glycol (unlikely in normal occupational conditions)
can cause severe intoxication with systemic manifestations, central nervous system depression, encephalopathy
and death.

Diagnostic criteria

As a general statement, recall that a history of exposure to ethylene glycol in case of metabolic acidosis with an
osmolal and anion gap is diagnostic for poisoning.

Clinical manifestations

+ Signs and symptoms: severe ethylene glycol poisoning may progress through three stages: CNS depression,
cardiopulmonary toxicity, and renal toxicity. Permanent sequelae may then persist.
- Stage 1 (CNS depression)
CNS depression begins soon after exposure, lasting for up to 12 hours after ingestion. This depression
appears similar to ethanol intoxication, but without the characteristic odour of alcohol. Initially, the inebria-
tion, euphoria, ataxia, slurred speech, sleepiness, irritation, restlessness, and disorientation are due to the
unmetabolized ethylene glycol.

After glycoaldehyde metabolic production (at 4-12 hours) and metabolic acidosis onset, CNS depression
can become manifest with seizures, coma, cerebral oedema, and gastrointestinal irritation (nausea and
vomiting).

An osmolal gap, without metabolic acidosis, or an anion gap may be seen before significant metabolism
of ethylene glycol occurs. As ethylene glycol is metabolized, the osmolal gap decreases. Signs of metabolic
acidosis due to the metabolites may become apparent late.

- Stage 2 (Cardiopulmonary toxicity)

12-24 hours after ingestion, tachycardia, tachypnoea, and hyper/hypotension may appear, possibly evolving
to pulmonary oedema, pneumonitis, congestive cardiac failure, and shock.

Synthesis of oxalic acid may lead to deposition of calcium oxalate crystals in the meninges, blood vessel
walls, lung, myocardium and kidney, with consequential tissue injury in some very severe cases. Tetany
from hypocalcaemia and hyperventilation may also occur. Metabolic acidosis with elevated anion gap and
decreased osmolal gap persists. Most deaths from ethylene glycol poisoning occur during this stage.

- Stage 3 (Renal toxicity)

Kidney damage is usually observed 24-72 hours after ingestion. This stage can be characterized by flank
pain, costovertebral angle tenderness, oliguric renal failure, hyperkalaemia, and hypocalcaemia.

Acidosis and acute renal failure may result from deposition of calcium oxalate crystals in the kidneys accom-
panied by proteinuria, haematuria, crystalluria, and increased serum blood urea nitrogen (BUN) and creat-
inine.

Calcium oxalate crystals may appear in the urine as early as stage 1, but absence of these crystals does not
rule out the diagnosis of ethylene glycol poisoning. Note that, in this stage, anion and osmolal gaps may be
normal.

- Sequelae

Possible sequelae of severe poisonings by ethylene glycol after one or more weeks include myoclonic jerks,
convulsions, coma, and death. Cerebral oedema and deposition of calcium oxalate crystals in the walls of
small blood vessels in the brain contribute to this CNS toxicity. Note that recovery in survivors is usually rapid
and complete. However, in some cases facial palsy, hearing loss, dysphagia, opthalmoplegia, and visual dis-
turbances can persist even weeks after exposure, indicating cranial nerve damage.
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* Examinations:
- Physical examination may document nonspecific signs of moderate/severe poisoning, such as tachy-
pnoea, tachycardia, mild hypertension, and low-grade fever.

- A complete neurologic examination should be performed, with special attention for mental status, gait,
and balance.

- All patients with known or suspected ethylene glycol ingestion require the following tests to investigate
electrolyte and acid-base balance: arterial blood gas analysis, serum blood glucose, serum electrolytes.

- Other helpful laboratory tests may include: serum BUN and creatinine, calcium and magnesium levels,
liver function tests, and urinalysis (with special attention to crystalluria).

- A measured osmolality by the freezing point depression method is needed to detect an osmolal gap.
Results of these laboratory tests will confirm the presence and degree of metabolic acidosis and allow
calculation of the anion and osmolal gaps.

- Electrocardiogram and chest X-rays might show cardiopulmonary impairment, while electroencephalog-
raphy might show signs of CNS depression.

Exposure assessment

+ History of occupational exposure: confirmed work-related exposure to high levels of ethylene glycol (mainly
through accidental ingestion) and, if available, urinary and blood concentration of oxalic acid and ethylene

glycol.
* Minimum duration of exposure: minutes.
+ Maximum latent period: 48 hours.

Acute systemic poisoning by diethylene glycol (T52.3), Acute toxic encephalopathy due to diethylene
glycol (G92)

Short description of the disease

Diethylene glycol is toxic primarily to the kidney and nervous system and can produce a wide variety of signs and
symptoms after ingestion. Intoxicated subjects typically develop acute renal failure (ARF) in some cases accompa-
nied by metabolic acidosis. Other effects include encephalopathy, coma, and death. The lack of information on the
short- and long-term effects of diethylene glycol exposure is matched by a scarcity of information on the manner
in which diethylene glycol is metabolized and eliminated after ingestion and how it causes its specific end-organ
effects in humans.

Diagnostic criteria
Clinical manifestations

+ Signs and symptoms:
- The initial symptoms of diethylene glycol intoxication are nausea, headache and vomiting.

- With continued exposure, severe abdominal pain, polyuria followed by oliguria, anuria and renal failure
may appear. Hepatotoxicity is common.

- After accidental oral exposure to diethylene glycol, drowsiness, headache, impaired consciousness, pro-
gressive obtundation, coma and death haven been reported. Drowsiness may be delayed until approx-
imately 24 hours after ingestion. In addition, meningism, cerebral oedema and haemorrhages, bulbar
palsy, (partial) facial and ascending paralysis, and demyelinating lesions of the central and peripheral ner-
vous systems have been reported, as well as tremor and seizures. Symptoms related to CNS impairment
usually occur 1-3 weeks after ingestion.

- Diethylene glycol can cause respiratory arrest and pulmonary oedema.
+ Examinations:
- Electromyography may reveal widespread acute denervation in arm and leg muscles.
- Magnetic resonance imaging may demonstrate enhancement of cranial nerves Il and V.

- Pathologic examinations post mortem shows central and peripheral nervous system lesions, including
axon damage followed by severe demyelination of virtually all cranial and peripheral nerves sampled, and
sparing of central myelin.

- Kidney function tests might document acute renal failure.
Exposure assessment

+ History of occupational exposure: confirmed work-related exposure to high levels of diethylene glycol
(mainly through accidental ingestion).

+ Minimum duration of exposure: some minutes.

+ Maximum latent period: 48 hours.
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Irritant contact dermatitis (L24)

Short description of the disease

Glycols are slight irritants for the skin, after exposure of at least several days through skin contact. The first mani-
festations should appear during exposure or within 48 hours at the latest.

For further details on clinical features of irritant contact dermatitis, refer to item 2.2.2.

Name of the diseases and ICD code: Acute diseases caused by ketones (Specific disease code) +152.4 +Z57

Acute systemic poisoning by acetone (T52.4), Acute toxic encephalopathy (G92)

Short description of the disease

The data for systemic, neurological, and immunological effects are derived from medical evaluations of workers
after single-day exposures and case reports. The systemic effects include respiratory irritation, cardiovascular, gas-
trointestinal, and haematological effects, with no indications of hepatic or renal involvement.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:
- Possible immunological effects consist of increased white blood cell and eosinophil counts, and decreased
phagocytic activity of neutrophils.

- Neurological effects consist of headache, lightheadedness, unconsciousness, dizziness, confusion, slurred
speech, lack of energy, general weakness, lethargic state, behavioural changes (increase in anger and
hostility), and coma in the most severe cases.

- Information in humans after oral exposure is derived from case reports of intentional or accidental inges-
tion. Effects included erosions in the buccal cavity, development of diabetes-like symptoms, coma, and
some of the above-mentioned neurological effects.

- When exposure occurs through inhalation, irritation of nose, throat, trachea, and lungs usually develops.
- Effects of dermal/ocular exposure consists of eye irritation, and degenerative changes in the epidermis.

- Subjects exposed by inhalation and dermally from applications of casts using acetone as a setting agent
developed increased pulse rate, vomiting and nausea, and neurological effects, including coma.

- Shortened menstrual cycle has been reported in females exposed to very high concentrations during a
working-day time.
+ Examinations:
- Neurobehavioral investigations might show delayed visual and choice reaction time.
- Auditory tone discrimination test might show increases in response; false negatives are possible.
Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to acetone or its vapours and, when
available, measurement of its concentrations in venous blood and alveolar breath. A positive nitroprusside
reaction can help identifying ketones in urine testing.

* Minimum duration of exposure: minutes.
+ Maximum latent period: some weeks.

Acute poisoning by methyl ethyl ketone (T52.4), Acute toxic encephalopathy (G92)

Short description of the disease

Methyl ethyl ketone (MEK) is more irritating than acetone to mucous membranes. It has low acute toxicity, but it
potentiates the neurotoxicity of n-hexane and methyl-n-butylketone.

Diagnostic criteria

Clinical manifestations

Symptoms following acute exposure to MEK include irritation of the eyes, nose, and throat. MEK inhalation
may results in slight excitement, followed by somnolence or unconsciousness. Headache, dizziness, and
nausea can also be observed, but these effects have been attributed to concomitant exposures to solvents,
since human volunteers did not report these symptoms.
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Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to MEK or its vapours via inhalation and,
when available, measurements of its concentration in urine where it can be found at low levels.

* Minimum duration of exposure: minutes.
« Maximum latent period: 48 hours.

Acute systemic poisoning by methyl isobutyl ketone (T52.4), Acute toxic encephalopathy (G92)

Short description of the disease
Workers exposed to methyl isobutyl ketone report irritant and neurological symptoms.
Diagnostic criteria

Clinical manifestations

« Irritation of the eyes and nasal mucosae.
+ Weakness, loss of appetite, headache, stomachache, nausea, and vomiting.

+ Sore throat, insomnia, somnolence, heartburn, intestinal pain, and liver enlargement were observed in
some workers.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to MIBK or its vapours via inhalation
and, when available, measurements of its concentration in urine.

+ Minimum duration of exposure: some hours.
* Maximum latent period: 48 hours.

Irritant contact dermatitis (L24)

Skin contact for a few minutes with ketones (methyl vinyl ketone in particular) may cause irritation of the skin and
mucous membranes. For details on clinical features and exposure assessment criteria of irritant contact dermatitis,
refer to item 2.2.2.

Allergic contact dermatitis due to methyl vinyl ketone (L23)

Exposure to methyl vinyl ketone may cause allergic reactions. Usually, at least two episodes of skin contact are
necessary to cause sensitization. For details on clinical features and exposure assessment criteria of allergic contact
dermatitis, refer to item 2.2.1.

Name of the diseases and ICD code: Chronic diseases caused by alcohols (Specific disease code) +T51 +Z57

Chronic toxic encephalopathy (G92)

Short description of the disease

Chronic exposure to alcohols, and to methanol vapours in particular (ICD code T51.1), can cause chronic toxic
encephalopathy (e.g. Korsakoff psychosis, Wernicke's encephalopathy).

Diagnostic criteria

Clinical manifestations

Headache, giddiness, insomnia, gastric disturbances, and, in the most severe cases of methanol poisoning, bilat-
eral blindness.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to alcohols, methanol in particular, and
their vapours and, when available, biological monitoring of their concentrations in blood, urine, and alve-
olar breath. As regard urinary samples, if the distribution of exposure concentration is unknown or likely
to fluctuate widely during the work shift, then sampling must be conducted over the whole shift (8hr urine
collection) or at the end of a representative exposure period. If it is known that exposure does not fluctuate
widely, then end-of-shift sampling is satisfactory.

+ Minimum duration of exposure: ten years (probably even less for methanol).

* Maximum latent period: three years.
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Name of the diseases and ICD code: Chronic diseases caused by ketones (Specific disease code) +T52.4 +Z57

Obliterative bronchiolitis due to diacetyl (J68.4)

Short description of the disease

Obliterative bronchiolitis (bronchiolitis obliterans, popcorn lung) is a rare respiratory disease characterized by
inflammation and scarring of the small airways of the lung, which can lead to severe and permanent respiratory
impairment. The possibility of an association between ketones and this disease was suggested by the finding
of a moderate to severe fixed obstructive lung disease consistent with this rare illness occurred among former
workers of a microwave popcorn production plant in Missouri, USA. An investigation at this plant carried out by
the USA National Institute for Occupational Safety and Health (NIOSH) revealed a higher prevalence of bronchial
obstruction on spirometry testing. Increasing cumulative exposure to diacetyl, the predominant butter flavouring
chemical present in the air of the plant, was associated with an increased prevalence of abnormal lung function.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: the main respiratory symptoms are cough and shortness of breath on exertion, which
typically do not improve significantly when removing the exposure (such as at the end of the work shift,
during weekends or on vacations). The onset of symptoms is gradual but severe symptoms can occur sud-
denly (at least in some cases). Several workers that have developed the disease in the setting of butter
flavouring exposure during microwave popcorn production (or during the manufacture of flavourings them-
selves) have experienced a slow onset of symptoms similar to post-transplant patients.

* Examinations:

- Lung function testing typically shows obstruction [low forced expiratory volume in one second (FEV,) and
reduced ratio between FEV, and forced vital capacity (FVC)] that does not improve with use of an inhaled
bronchodilator. In moderate to severe disease, increased residual volume may occur.

- The chest X-ray is usually normal, but high-resolution lung computed tomography (CT) with inspiratory
and expiratory views may show heterogeneous aeration on the expiratory view.

- The diagnosis can be confirmed by identifying bronchiolitis in an open (or thoracoscopic) lung biopsy
specimen. However, the pathologic process in the lung is patchy in distribution, and it is only with great
care, special stains, and the examination of many biopsy sections that the typical lesion can be identified.
Since the process of obtaining the tissue is invasive and the yield is not certain, the need of a lung biopsy
for a tissue diagnosis has to be evaluated with great care.

Exposure assessment

+ History of occupational exposure: confirmed repeated or prolonged occupational exposure to diacetyl.

+ Minimum duration of exposure: uncertain (bronchiolar fibrotic lesions observed in some cases associated
with occupational diacetyl exposure have reportedly occurred within a span of a few months following the
start of exposure).

+ Maximum latent period: uncertain (many suspected cases reportedly occurred many years after first occu-
pational exposure and in workers with relatively low diacetyl exposures).

Polyneuropathy caused by methyl isobutyl ketone (G62.2)

Short description of the disease

Exposure to methyl isobutyl ketone may lead, similarly to exposure to n-hexane, to polyneuropathy due to the
neurotoxic activity of the main metabolite of both substances, 2,5-hexanedione. For this common aetiology, the
clinical and histopathological pictures are similar. The disease usually appears after no less than one year of expo-
sure. Main features are a symmetrical sensory or sensory-motor lesions starting from the most distal parts of the
extremities. Recovery after the end of the exposure is usually, although not always, observed.
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Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: numbness in the feet and hands are the first symptoms to appear, followed by muscle
weakness (in particular at the lower legs and feet). Tendon reflexes may show only mild changes but hypore-
flexia may be present. Distal paraesthesia, sensory anomalies, and muscle atrophy are usually present. In
the most severe cases, paralysis of the respiratory muscles can occur.

* Examinations:

- Electromyography (EMG) shows axonal disorders; the motor conduction velocity and the sensory con-
duction velocity are reduced, the distal motor latency is modified and the sensory potential amplitude
is diminished, in addition to signs of denervation in affected muscles and small or absent sensory nerve
action potentials.

- Biopsies of peripheral nerves may show demyelination and infiltration of leucocytes.

- Electroencephalography (EEG) is usually normal. In the most severe cases, however, it is possible to detect
dysrhythmias, widespread or subcortical discomfort and irritation.
+ Differentiation from non-occupational peripheral polyneuropathies, from the clinical point of view, is based
on the symmetry of the paralysis, on the extreme rareness of sensory loss, and on the absence of changes
in the cerebrospinal fluid.

Exposure assessment

+ History of occupational exposure: confirmed occupational exposure to mixtures of ketones containing
methyl isobutyl ketone (MIBK) via inhalation or dermal contact and, when available, environmental mea-
sures of the ketone concentration in the air of the working environment, as well as biological monitoring of
urinary 2,5-hexanedione in samples collected after the end of the work shift.

+ Minimum duration of exposure: one year.

* Maximum latent period: three years.

Key actions for Most alcohols, glycols and ketones used as industrial solvents actually replace more haz-
prevention ardous hydrocarbon solvents, such as has occurred in the formulation of adhesives and
paints, degreasers, and consumer products and in some extraction processes. There is
a constant pressure to substitute pure organic solvents with water-solvent mixtures to
decrease the risk of fires.

In most applications, (such as in painting) solvent-solute mixtures are evenly distributed
on the substrates by gas-assisted spraying; the solvent is expected to evaporate at ambi-
ent temperature, and more efficiently when heated. This process intrinsically causes the
production of a large amount of solvent-contaminated ambient air in workplaces and
the concomitant exposure of workers. Whenever possible, such as in car production, air
spray painting is performed in enclosures (by remote-controlled devices), where localized
aspiration allows a reduction in the volume of waste air, to recover the organic solvent
for recycling or safe disposal, and to abate residual solvent by chemical (water scrubbing,
adsorption on charcoal and subsequent thermal desorption and combustion) and biolog-
ical (bio-filtration) means. Respiratory and body protection of workers is used whenever
they need to enter painting booths and when painting, paint removal, and other spray
applications are performed in open spaces. Often, due to the large amount of released
solvent vapours, filter masks are not adequate since the filters quickly saturate.

These factors need to be considered especially for workers in the informal sector, whose
access to accurate information on the chemical nature of the solvents they use (most often,
complex technical mixtures of chemicals) and to directions for safe use is often very limited.
In addition, re-use and recycling of solvent containers, their uncontrolled dumping and
even the use of scrap containers for civil and household use can lead to inadvertent acute
and massive exposure, often with health and life-threatening consequences. The use of
correct labelling (understandable in the local languages), of warning signs and pictograms,
and of safe-closure and non-reusable containers can help to avoid the most serious acci-
dents.

Many countries enforce, and some professional associations suggest, exposure limits for
safe exposure to most of the chemical compounds used as industrial reagents and sol-
vents. The group of experts considered that the following limits of exposure of workplace
atmospheric concentrations (either considered as 8hr TWA or as STEL have been observed
to provide a reasonable level of protection for workers’ health and have been used in a
number of countries.
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Key actions for ALCOHOLS
prevention Methanol: 200 ppm as 8hr TWA, 250 ppm as STEL

Ethanol: 1000 ppm as STEL

n-Propanol: 100 ppm as 8hr TWA

Isopropyl alcohol: 200 ppm as 8hr TWA, 400 ppm as STEL
n-Butanol: 20 ppm as 8hr TWA

sec-Butanol: 100 ppm as 8hr TWA

iso-Butanol: 50 ppm as 8hr TWA

tert-Butanol: 100 ppm as 8hr TWA

Isoamyl alcohol: 100 ppm as 8hr TWA

Methyl isobutyl carbinol: 25 ppm as 8hr TWA, 40 ppm as STEL
Cyclohexanol: 50 ppm as 8hr TWA

Methyl-cyclohexanol: 50 ppm as 8hr TWA

Isooctyl alcohol: 50 ppm as 8hr TWA

Propargyl alcohol: 1 ppm as 8hr TWA

Glycidol: 2 ppm as 8hr TWA

GLYCOLS

Ethylene glycol: 25 ppm as 8hr TWA (vapour and aerosol), 50 ppm as STEL (vapour), 10 mg/
m3 as STEL (inhalable aerosol)

Pentaerythritol: 10 mg/m3 as 8hr TWA

KETONES

Acetone: 250 ppm as 8hr TWA; 500 ppm as STEL

Methyl ethyl ketone: 200 ppm as 8hr TWA; 300 ppm as STEL
3-Methyl-2-butanone: 20 ppm as 8hr TWA

Methyl propyl ketone: 150 ppm as STEL

Diethyl ketone: 200 ppm as 8hr TWA; 300 ppm as STEL
Methyl n-butyl ketone: 5 ppm as 8hr TWA; 10 ppm as STEL
Methyl isobutyl ketone: 20 ppm as 8hr TWA; 75 ppm as STEL
Methyl n-amyl ketone: 50 ppm as 8hr TWA

Methyl isoamyl ketone: 20 ppm as 8hr TWA; 50 ppm as STEL
Cyclohexanone: 20 ppm as 8hr TWA; 50 ppm as STEL
Ethyl-n-butyl ketone: 50 ppm as 8hr TWA; 75 ppm as STEL
Dipropyl ketone: 50 ppm as 8hr TWA

Ethyl amyl ketone: 10 ppm as 8hr TWA

Diisobutyl ketone: 25 ppm as 8hr TWA

Methyl vinyl ketone: 0.2 ppm as STEL

Mesityl oxide: 15 ppm as 8hr TWA; 25 ppm as STEL
Isophorone: 5 ppm as STEL

Diacetone alcohol: 50 ppm as 8hr TWA
Diacetyl: 0.01 ppm as 8hr TWA; 0.02 ppm as STEL
Hexafluoroacetone: 0.1 ppm as 8hr TWA
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1.1.15 Diseases caused by alcohols, glycols, or ketones

For the chemical entities listed below an entry exists in the collection of International Chemical Safety

Cards (ICSC) hosted in the ILO website

ALCOHOLS
Name Synonyms ICSC
Methanol Methyl alcohol, Carbinol, Wood alcohol 0057
Acetone 2-Propanone, Dimethyl ketone, Methyl ketone 0087
1-Butanol n-Butanol, n-Butyl alcohol, Propyl carbinol, Butan-1-ol, Butyl alcohol | 0111
2-Butanol sec-Butyl alcohol, Butan-2-ol, 1-Methyl propanol, Methyl ethyl car- 0112
binol, Butylene hydrate
Isobutanol 2-Methyl-1-propanol, Isopropyl carbinol, Isobutyl alcohol 0113
tert-Butanol tert-Butyl alcohol, 2-Methyl-2-propanol, Trimethyl carbinol 0114
Glycidol 2,3-Epoxy-1-propanol, Oxirane methanol, 3-Hydroxypropylene oxide = 0159
Cyclohexanol Cyclohexyl alcohol, Hexahydrophenol, Hexalin 0243
2,5-Hexanediol 2,5-Dihydroxyhexane 0280
Methylcyclohexanol Hexahydromethylphenol, Hexahydrocresol 0292
1-Methylcyclohexanol 0293
2-Methylcyclohexanol o-Methylcyclohexanol, 2-Hexahydromethylphenol, 0294
o-Hexahydromethylphenol
3-Methylcyclohexanol m-Methylcyclohexanol, 3-Hexahydromethylphenol, 0295
m-Hexahydromethylphenol
4-Methylcyclohexanol p-Methylcyclohexanol, 4-Hexahydromethylphenol, 0296
p-Hexahydromethylphenol
2-Hexanol sec-Hexyl alcohol, Butylmethylcarbinol 0488
Isooctyl alcohol Isooctanol (mixed isomers), Methylheptyl alcohol (mixed isomers) 0497
2-Methyl-1-butanol 2-Methyl butanol-1, sec-Butylcarbinol 0506
1-Pentanol n-Amyl alcohol, n-Butyl carbinol, n-Pentyl alcohol 0535
3-Pentanol Diethyl carbinol, sec-n-Amyl alcohol 0536
1-Propanol Propyl alcohol, Propan-1-ol 0553
Isopropyl alcohol 2-Propanol, Propan-2-ol, Isopropanol, Dimethylcarbinol 0554
Triisopropanolamine Tri-2-propanolamine, Tris(2-hydroxypropyl)amine, 0592
1,1'1"-Nitrilotripropan-2-ol
3,5,5-Trimethylhexanol 3,5,5-Trimethylhexylalcohol, Isononyl alcohol 0608
Methyl isobutyl carbinol 4-Dimethyl butan-2-ol, 4-Methyl-2-pentanol, Methyl amyl alcohol 0665
Propargyl alcohol 2-Propyn-1-ol 0673
Furfuryl alcohol 2-Furanmethanol, 2-Furancarbinol, 2-Hydroxymethylfuran, Furfural 0794
alcohol
Isoamyl alcohol 3-Methyl-1-butanol, Isopentyl alcohol, Isobutylcarbinol 0798
2-Ethylhexanol 2-Ethyl-1-hexanol, 2-Ethylhexyl alcohol 0890
Phenethyl alcohol 2-Phenylethane-1-ol, Benzeneethanol, Phenylethyl alcohol 0936
1-Octanol n-Caprylic alcohol, n-Octanol, Heptyl carbinol, 1-Hydroxyoctane, 1030
n-Octyl alcohol
Triethanolamine 2,2',2"-Nitrilotriethanol, Trihydroxytriethylamine 1034
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Name Synonyms ICSC
1-Heptanol Heptane-1-ol, n-Heptyl alcohol, 1-Hydroxyheptane, n-Heptanol 1082
2-Heptanol sec-Heptyl alcohol, Amyl methyl carbinol, 1-Methylhexanol, 1083
2-Heptyl alcohol, 2-Hydroxyheptane
1-Hexanol Hexyl alcohol, n-Hexanol, n-Hexyl alcohol, 1-Hydroxyhexane, 1084
Amyl carbinol, Caproyl alcohol
1,4-Butanediol 1,4-Butylene glicol, 1,4-Dihydroxybutane, 1,4-Tetramethylene gycol, 1104
Tetramethylene 1,4-diol
2-Octanol Capryl alcohol, 1-Methyl-1-heptanol, 2-Hydroxy-n-octane, Hexylme- 1170
thylcarbinol
Nonoxynol-9 Nonoxynol-9, Nonyl phenoxypolyethoxyethanol 1558
N-Methyl diethanolamine 2,2'-(Methylimino)bis-ethanol, Diethanolmethylamine, Bis(2- 1600
hydroxyethyl)methylamine
1-(2-Butoxypropoxy ) Dipropylene glycol monobutyl ether, Dipropylene glycol butyl ether, 1616
-2-propanol DPGnNBE, 1-(2-Methyl-2-butoxy-ethoxy)-2-propanol
GLYCOLS
Name Synonyms ICSC
Ethylene glycol 1,2-Ethanediol, 1,2-Dihydroxyethane 0270
Propylene glycol 1,2-Propanediol, Methyl ethylene glycol, 1,2-Dihydroxypropane 0321
Diethylene glycol Ethylene diglycol, 2,2'-Dihydroxyethyl ether, 3-Oxypentane-1,5- 0619
diol, 2,2'-Oxydiethanol, 2,2'-Oxybisethanol
Hexylene glycol 2-Methyl-2,4-pentanediol, 2,4-Dihydroxy-2-methylpentane 0660
Dipropylene glycol 2,2'-Dihydroxydipropyl ether, 1,1'-Dimethyldiethylene glycol, 1055
1,1-Oxydipropan-2-ol Bis(2-hydroxypropyl) ether
KETONES
Name Synonyms ICSC
Acetone 2-Propanone, Dimethyl ketone, Methyl ketone 0087
Methyl ethyl ketone Ethyl methyl ketone, 2-Butanone, MEK, Methyl acetone 0179
Benzophenone Diphenyl ketone, Benzoylbenzene, Phenyl ketone 0389
Cyclohexanone Ketohexamethylene, Pimelic ketone, Cyclohexyl ketone 0425
Cyclopentanone Ketocyclopentane, Adipic ketone 0427
2-Hexanone Methyl n-butyl ketone, n-Butyl methyl ketone, MBK 0489
Diisobutyl ketone 2,6-Dimethyl-4-heptanone, Isovalerone, 2,6-Dimethylheptan-4-one | 0713
Methyl isoamyl ketone 5-Methylhexan-2-one, MIAK, 2-Methyl-5-hexanone 0815
Methyl propyl ketone 2-Pentanone, Ethyl acetone, MPK 0816
3-Pentanone Diethyl ketone, Dimethylacetone, Methacetone 0874
Ethyl n-butyl ketone 3-Heptanone, Butyl ethyl ketone 0889
Methyl n-amyl ketone 2-Heptanone, Amyl methyl ketone, Methyl pentyl ketone 0920
Hexafluoroacetone 1,1,1,3,3,3-Hexafluoro-2-propanone, Perfluoroacetone 1057
4-Methoxy -4-methyl-2- 4-Methoxy-4-methylpentan-2-one, 4-Methyl-4-methoxy-2- 1098
pentanone pentanone, 4-Methoxy-4-methylpentanone-2
2,3-Butanedione Diacetyl, Dimethylglyoxal, Dimethyl diketone, 2,3-Diketobutane, 1168
Butanedione
5-Methyl-3-heptanone 5-Methyl heptan-3-one, 3-Heptanone, 5-methyl, Ethyl amyl ketone, = 1391
Ethyl sec-amyl ketone
Dipropyl ketone Heptan-4-one, Butyrone 1414
Methyl vinyl ketone 3-Buten-2-one, Methylene acetone 1495




P Table of diseases and risk factors with ICD-10 and ICD-11 codes

» 1. Occupational diseases caused by exposure to agents arising from work activities

ILO Disease name ICD-10 ICD-11

1.1.15 | Acute/chronic diseases caused by alcohols T51 NE61&XM6U34

1.1.15 Respiratory tract irritation )68 CA81.Z

1.1.15 | Upper respiratory inflammation ]68.2 CA81.2

1.1.15 | Conjunctivitis H10.2 9A60.Z

1.1.15 | Corneal ulcer H16.0 9A76

1.1.15 | Corneal scar and opacity H17.9 9A77.Z

1.1.15 | Corneal oedema H18.2 9A78.2Z

1.1.15 | Acute systemic poisoning by methanol T51.1 NE61&XM7KD9

1.1.15 | Toxic optic neuropathy due to methanol toxicity H46 9C40.1Z
&XM7KD9

1.1.15 | Visual disturbances and blindness due to methanol toxicity H53-H54 9D5Y,9D90.4
&XM7KD9

1.1.15 | Acute systemic poisoning by isopropyl alcohol T51.2 NE61&XM5531

1.1.15 | Irritant contact dermatitis L24 EKO02

1.1.15 | Allergic contact dermatitis L23 EKOO

1.1.15 | Chronic toxic encephalopathy G92 8D43.0Z

Occupational exposure to toxic agents in other industries Solids, 757.5 QD84.2
liquids, gases or vapours

ILO Disease name ICD-10 ICD-11

1.1.15 | Acute diseases caused by glycols T52.3 NE61& XMOW?28

1.1.15 | Acute systemic poisoning by ethylene glycol T52.3 NE61&XM1762

1.1.15 | Acute toxic encephalopathy due to ethylene glycol G92 8D43.0Z
&XM1762

1.1.15 | Acute systemic poisoning by diethylene glycol T52.3 NE61&XM55M8

1.1.15 | Acute toxic encephalopathy due to diethylene glycol G92 8D43.0Z
&XM55M8

1.1.15 | Irritant contact dermatitis L24 EKO2

ILO Disease name ICD-10 ICD-11

1.1.15 | Acute/chronic diseases caused by ketones T52.4 NE61&XMIOUX0

1.1.15 | Respiratory tract irritation 168 CA81.Z

1.1.15 | Acute chemical pneumonitis and bronchitis ]68.0 CA81.0

1.1.15 | Upper respiratory inflammation 168.2 CA81.2

1.1.15 | Conjunctivitis H10.2 9A60.Z

1.1.15 | Corneal ulcer H16.0 9A76

1.1.15 | Corneal scar and opacity H17.9 9A77.Z

1.1.15 | Corneal oedema H18.2 9A78.2Z

1.1.15 | Acute systemic poisoning by acetone T52.4 9A78.2Z

1.1.15 | Acute poisoning by methyl ethyl ketone (MEK) T52.4 NE61&XM7U59

1.1.15 | Acute systemic poisoning by methyl isobutyl ketone (MIBK) T52.4 NE61&XM9ILD3

1.1.15 | Acute toxic encephalopathy G92 NE61&XM5H65

1.1.15 | Irritant contact dermatitis L24 8D43.0Z

1.1.15 | Allergic contact dermatitis due to methyl vinyl ketone L23 EKO2

1.1.15 | Obliterative bronchiolitis due to diacetyl ]68.4 EKOO

1.1.15 | Polyneuropathy caused by methyl isobutyl ketone G62.2 CA81Y
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» Diagnostic and exposure criteria for occupational diseases

1.1.16 Diseases caused by asphyxiants like carbon monoxide,

hydrogen sulfide, hydrogen cyanide or its derivatives ICD Code T58, T59.6, T57.3 +Z57

General
characteristics
of the causal
agent

Asphyxiant gases are toxic chemical agents that hamper respiratory gas exchange. They
are classified separately from inert gases based on their physiological effects. Inert gases
(such as nitrogen, rare gases, and gaseous hydrocarbons) can be potentially lethal when
occurring in excessive concentrations in breathable air with decreased ambient oxygen
levels (e.g. following accidental spillage of liquid nitrogen, liquid petroleum gas or helium
occuring in confined spaces).

On the contrary, the toxicity of asphyxiants is based on different biochemical mechanisms,
such as prevention of the transportation of oxygen by the blood (carbon monoxide), inhibi-
tion of cellular respiration (carbon monoxide, hydrogen sulfide, and hydrogen cyanide) and
other specific mechanisms (mainly featured by carbon monoxide and hydrogen sulfide).

Carbon monoxide (CO), CAS number 630-08-0, molecular mass 28.0, is an odourless, taste-
less, colourless and non-irritant gas with a density close to that of air. Apart from being
produced naturally by the human body as a signalling molecule, CO is generated by the
incomplete combustion of organic material. It diffuses easily through walls and ceilings,
mixes well with air (forming explosive mixtures above a volume concentration of 12.5%
in air), and has a self-ignition temperature of 609°C. Although it is not very reactive under
ordinary conditions, CO corrodes some metals (such as nickel) even at ambient tempera-
ture by reacting to form volatile, explosive, and toxic metal carbonyls.

Hydrogen sulfide (H,S), CAS number 7783-06-4, molecular mass 34.1, is a weakly acidic,
colourless, flammable gas with a very characteristic odour of rotten eggs. At high con-
centrations or by continuous exposure, it rapidly paralyzes the sense of smell, to the point
that the exposed subject is no longer aware of high ambient concentrations (thus repre-
senting a potentially fatal exposure). It is heavier than air and displaces oxygen. It burns
in air, and even distant ignition can be sparked by electrical charges generated by its own
flow or movement. Its combustion products (sulphur oxides) are even more acidic, irritant,
and toxic at high concentrations or by prolonged contact. H,S corrodes some plastics and
many metals, including silver, by generating a porous, dark, non-protective layer of metal
sulfide. H,S reacts violently with strong oxidants, causing fire and explosion hazards. H,S is
produced by the human body as a signalling molecule, in small quantities.

Hydrogen cyanide (HCN, Hydrocyanic acid, Prussic acid, Formonitrile, [liquefied]), CAS num-
ber 74-90-8, molecular mass 27.03, is a weakly acidic, colourless gas, slightly soluble in
ether, miscible with water and alcohol, with a characteristic odour of bitter almonds (which
approximately one-third of the general population cannot detect), and with a density close
to that of air. HCN can be easily condensed to the liquid state under ambient conditions
(at 26°C). In workplaces, HCN can be present as either a gas or a liquid. It reacts violently
with oxidants and with hydrogen chloride in alcoholic mixtures, causing fire and explosion
hazards.

Sodium cyanide is a white crystalline powder that produces hydrogen cyanide in contact
with acids or acid salts.

Potassium cyanide is a white deliquescent solid that produces hydrogen cyanide in contact
with acids or acid salts.

Calcium cyanide is a white crystalline solid whose aqueous solution gradually liberates
hydrogen cyanide.

Occupational
exposures

Carbon monoxide is widely employed in large amounts in the chemical industry as syngas,
a mixture of hydrogen, carbon monoxide, and carbon dioxide, which is typically generated
in the chemical plant in close proximity to the reactor where it is employed.

All combustion of organic materials that occurs in low ambient levels of air or oxygen end
up producing carbon monoxide at higher or lower concentrations. Potentially fatal occupa-
tional exposures can occur in poorly ventilated engine rooms such as in ships and heating
plants, in motor vehicle garages, in coal and fuel furnaces, and in incineration facilities for
solid wastes. Firing of demolition explosives, such as in tunnel construction works, and
accidental fires also generate large amounts of carbon monoxide.

The main occupations exposed to carbon monoxide are thus firefighters, garage person-
nel, road tunnel workers, metallurgical workers, gas, petroleum, and chemical industries,
heating facilities, car mechanics exposed to motor vehicle exhaust, and workers engaged
in incineration processes.

Since methylene chloride is metabolised to carbon monoxide, occupational exposure to
this chlorinated solvent may contribute to exposure to this gas, resulting in increased
carboxyhaemoglobin levels. It is important to recall that exposure to cigarette smoke is a
common source of personal exposure to carbon monoxide, independently from the occu-
pational setting.
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1.1.16 Diseases caused by asphyxiants like carbon monoxide,

hydrogen sulfide, hydrogen cyanide or its derivatives ICD Code T58, T59.6, T57.3 +Z57
Occupational Hydrogen sulfide has limited industrial uses, but it is formed in the hydrodesulphurization
exposures of natural gas and crude oil in the petrochemical industry. As a by-product, it is decom-

posed to yield pure elemental sulphur, which currently represents the valuable starting
material for the production of sulphuric acid and has almost completely eliminated the use
of mined sulphur. Hydrogen sulfide is generated from the rotting of natural organic waste,
as in the anaerobic fermentation of manure to obtain biogas and in sewage-water treat-
ment plants. It occurs as a by-product in the production of artificial cellulose fibres with
viscose carbon disulfide (see item 1.1.10 for more details). Alkali sulfides are employed in
the extraction of non-ferrous metals, as a reducing agent in the hide and leather industry,
and in textile and leather dyeing. Other sources of occupational exposure to hydrogen
sulfide are the production of sucrose from sugarcane and sugar-beet, the production of
viscose cellulose, some operations in farming such as stirring of manure and opening of
fermentation tanks, and inspection of waste-water canals, sludge pits, burials, and cem-
eteries. The circumstances of acute exposure to hydrogen sulfide in enclosed spaces can
easily give rise to accidents with multiple fatalities when workers try to assist the affected
person creating a chain of subsequent intoxications, when appropriate respiratory protec-
tion is not available.

Hydrogen cyanide is widely employed in large amounts in the industrial synthesis of sev-
eral nitrogen-containing organic compounds such as acrylonitrile and adiponitrile, and is
usually generated in the chemical plant often by the catalysed reaction of ammonia and
methane, i.e., the Andrussow process, upstream and in close proximity to the reactor
where it is employed. In these conditions, the potential for exposure is usually minimal
since most interventions in the areas of the chemical plant where exposure is possible are
carried out through remote controlled actuators. HCN adsorbed on diatomaceous earth or
wood dust, stored in tightly sealed containers, and mixed with strong odorising chemicals
to warn the operators, has been long used to rapidly kill rodents in large storage areas
mainly in the tanks of grain carrier ships and barges, and occasionally ground silos. This
procedure is relatively safe when performed by well-trained operators who use industri-
ally formulated devices. On the contrary, in the informal sector, the same procedure is
occasionally performed by extemporarily mixing sodium or potassium cyanide and strong
acids and can generate very hazardous and potentially fatal conditions for the operators.
This procedure is inefficient for sanitizing areas where the carcasses of the rodents cannot
be easily spotted and removed and has been replaced by the use of baits medicated with
anticoagulant rodenticides (see item 1.1.36 for more details), although in this case, the
effect of the pesticide is delayed.

Sodium cyanide is employed in gold mining for the exploitation of low-concentration or
diffuse ores, such as auriferous sand. Gold is selectively converted to the cyano-aurate
complex by a mixture of alkali cyanide and air, and the precious metal is recovered in the
elemental state by destroying the complex. In this process, workers are exposed both to
alkali cyanides and to released hydrogen cyanide.

Potassium cyanide is used to electrolytically refine platinum, for metal colouring, and to
separate gold, silver, and copper from platinum.

Calcium cyanide is used as a fumigant, as it releases hydrogen cyanide when exposed to
air. It is used as a stabilizer for cement, in stainless steel manufacture and as herbicide,
rodenticide, fertilizer, and defoliant.

All combustion processes of nitrogen-containing organic materials such as wool, grains,
polyamide and polyurethane fibres, and foams generate harmful and potentially lethal
concentrations of hydrogen cyanide.
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1.1.16 Diseases caused by asphyxiants like carbon monoxide,

hydrogen sulfide, hydrogen cyanide or its derivatives ICD Code T58, T59.6, T57.3 +Z57

Toxicological profile, main health effects and diagnostic criteria

Short
toxicological
profile

Carbon monoxide is rapidly absorbed by breathing and binds very strongly to the iron in
the haeme group of haemoglobin and to other similar cellular targets, such as the cyto-
chromes of the respiratory chain. CO has a > 200-fold greater affinity for haemoglobin than
oxygen, a fact that explains most of its toxic effect. The level of carboxyhaemoglobin (HbCO)
is proportional to the dose of environmental CO breathed by the subject and during the
period shortly after poisoning can be used both to confirm an episode of intoxication and
to estimate the airborne concentration as well as the duration of the exposure. Increased
levels of HbCO cause tissue hypoxia and trigger other cytotoxic mechanisms in specific
cells. In the heart, impairment of the respiratory chain can precipitate ischaemia in subjects
with pre-existing heart disease, even at levels that are tolerated by healthy subjects. In
neurones, carbon monoxide itself or CO-induced hypoxia triggers the excitotoxic release of
glutamate and neuronal death. The strong yet reversible binding of CO to haeme iron can
be displaced just by shifting the chemical equilibrium with a much higher concentration
of oxygen in the tissue. This effect is accomplished by treating the intoxicated subject with
oxygen at a higher partial pressure than in ambient air. Carbon monoxide released from
its binding with haeme iron can be eliminated with the exhaled air or biochemically min-
eralized to formic acid, a cause of systemic acidosis, which can be controlled by infusion of
bicarbonate, and to carbon dioxide.

Hydrogen sulfide is a natural product of human metabolism and a demonstrated neu-
rotransmitter gas, which is involved in cerebral and cardiovascular function. H,S is syn-
thesized endogenously in a variety of mammalian tissues via two pyridoxal-5-phosphate-
dependent enzymes responsible for the metabolism of L-cysteine: cystathionine B-syn-
thase (CBS) and cystathionine y-lyase. The systemic toxicity of H,S is comparable to that
of hydrogen cyanide (see below) since the hydrosulfide anion binds to iron in the mito-
chondrial cytochrome-c oxidase enzyme even more strongly than cyanide thus impairing
cellular respiration.

The biological half-life of exogenously administered hydrogen sulfide is of a few minutes.
There are three known pathways of H,S degradation: mitochondrial oxidation to thiosul-
fate, which is further converted to sulfite and sulfate; cytosolic methylation to dimethylsul-
fide; and sulfhaemoglobin formation after binding to haemoglobin.

Note that concentrations of H,S above 100 ppm cause olfactory paralysis and thus inhibit
the worker from perceiving the presence of the compound in the environment.

Hydrogen cyanide is very rapidly absorbed both by breathing and in the stomach, gen-
erated from cyanides absorbed by ingestion. A hydrogen cyanide concentration of 300
mg/m3 in the air will kill a human within about 10 minutes. The mechanism responsible for
the very rapid onset of toxicity is the binding of the cyanide anion to the iron in the haeme
group of haemoglobin and to the cytochromes of the respiratory chain. The only known
detoxification pathway of cyanide is biotransformation into the much less toxic thiocyanate
anion by the action of the inducible enzyme rhodanese. Enzymic induction of rhodanese
is ineffective in counteracting acute intoxication, but it has a biological role in dealing with
small amounts of cyanide, which is naturally present in some vegetables, in particular fruit
seeds, where cyanide is stored as the benzaldehyde cyanohydrin glucoside amygdalin.

The cyanide anion binds strongly to the cobalt ion of cobalamin (vitamin B12). For this rea-
son, very large doses of hydroxocobalamin, far exceeding those of the physiological pool,
quickly administered by rapid intravenous infusion are used in the cocktail of antidotes for
HCN poisoning, which also includes inhalation of amyl nitrite and infusion or oral adminis-
tration of sodium thiosulphate. The same treatment is used to treat subjects intoxicated by
organic nitriles, such as acrylonitrile.
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1.1.16 Diseases caused by asphyxiants like carbon monoxide,

hydrogen sulfide, hydrogen cyanide or its derivatives ICD Code T58, T59.6, T57.3 +Z57

Name of the diseases and ICD code: Acute diseases caused by asphyxiants
(Specific disease code) +T58, T59.6, T57.3 +Z57

Respiratory tract irritation (J68), Acute chemical pneumonitis and bronchitis (J68.0), Pulmonary oedema
(J68.1), Upper respiratory inflammation (J68.2), Reactive airways dysfunction syndrome (RADS) (J68.3),
Irritant-induced occupational asthma (J68.3)

Short description of the disease

Effects of the inhalation of hydrogen sulfide and cyanide on the respiratory tract range from mild irritation of
mucous membranes lining the airways up to chemical pneumonitis, upper airways inflammation, cough and bron-
chospasm, irritant asthma, RADS, severe non-cardiogenic pulmonary oedema, and respiratory failure.

Occupational exposure to hydrogen sulfide even at low concentrations can irritate airways (rhinorrhoea, sneezing,
and sore throat); for higher concentrations, more severe effects can be observed, such as bronchopneumonia and
pulmonary oedema (wheezing, shortness of breath, chest tightness, haemoptysis, and a feeling of suffocation).

Differing from hydrogen cyanide and sulfide, carbon monoxide does not produce irritant effects.
Diagnostic criteria

Clinical manifestations

+ Signs and symptoms: cough, sore throat, dyspnoea, tachypnoea, wheezing, tachycardia, and chest pain.
Pulmonary oedema and respiratory failure can occur in the most severe cases.

+ Examinations:
- Chest X-rays can show a picture of acute bronchitis, pneumonitis or oedema.
- Pulmonary function tests may show a picture of acute obstruction.
Exposure assessment

+ History of occupational exposure: confirmed acute occupational exposure to hydrogen sulfide or hydrogen
cyanide and, if available, detection of the compounds, their metabolites or early effect indicators in bio-
logical fluids (e.g. blood and urinary thiosulphate, urinary thiocyanate and blood thiocyanate/cyanide and
carboxyhaemoglobin) as well as workplace air monitoring.

* Minimum duration of exposure: few minutes.
+ Maximum latent period: few minutes for hydrogen sulfide; 24 hours for hydrogen cyanide.

Burns and corrosions of eye and adnexa (T26.0-T26.1, T26.5-T26.6), Conjunctivitis (H10.2),
Keratoconjunctivitis (H16.2), Corneal erosion (H16.0), Retinal haemorrhage (H35.6), Irritant contact
dermatitis (L24), Frostbite (T35), Chemical burns and corrosions of external body surface (T20-T25), Burns
and corrosions of internal organs (T28.0-T28.2, T28.5-T28.7)

Short description of the disease

Direct contact of asphyxiant gases (or their liquid phase) with skin and mucosae can cause irritation, up to burns
and corrosion.

Diagnostic criteria

Clinical manifestations

+ Signs and symptoms:

- Acute carbon monoxide poisoning can result in erythematous skin lesions, in particular intraepidermal or
subepidermal vesicles (bullae), retinal haemorrhages, and visual alterations. Conjunctival petechiae may
be present.

- Hydrogen sulfide at low concentrations can irritate eyes and cause conjunctivitis, keratoconjunctivitis and,
at higher concentrations, punctate corneal erosion. Symptoms include stinging, redness, foreign body
sensation and acute eye pain, photophobia and lacrimation. A single high exposure to H,S irritates the
skin, causing local redness and swelling. H,S in the liquid phase may be corrosive and cause frostbite, a
cryogenic injury resembling a burn; frostbite of the lips and mouth may result from contact with the liquid.
Prolonged contact will result in corrosion of the skin. For further details on the clinical features of frostbite,
refer to item 1.2.6(1).

- Skin and eye irritation may follow contact with the liquid phase of hydrogen cyanide.
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1.1.16 Diseases caused by asphyxiants like carbon monoxide,

hydrogen sulfide, hydrogen cyanide or its derivatives ICD Code T58, T59.6, T57.3 +Z57

+ Examinations:
- An ophthalmic examination should be performed, including visual acuity and slit lamp inspection of the
cornea. Corneal ulceration and cystic changes may be seen on corneal examination.
- Evidence of various degrees of irritation and burns of skin and mucous membranes at physical examina-
tion.
Exposure assessment
+ History of occupational exposure: confirmed acute occupational exposure to carbon monoxide, hydrogen
sulfide, or hydrogen cyanide and, if available, detection of the compounds, their metabolites or early effect
indicators in biological fluids (e.g. HbCO, blood and urinary thiosulphate, blood thiocyanate/cyanide and
urinary thiocyanate) as well as workplace air monitoring.

* Minimum duration of exposure: few seconds for hydrogen sulfide; few minutes for carbon monoxide and
hydrogen cyanide.

+ Maximum latent period: 48 hours.

Toxic encephalopathy due to carbon monoxide (G92)

Short description of the disease

Carbon monoxide toxicity depends on the good affinity of this compound for haemoglo