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HPA Compendium of Chemical Hazards

Phenol

Key Points

Fire

e Flammable

¢ Incompatible with acids, calcium hypochlorite, caustics and strong oxidising agents

¢ Mixtures of phenol and sodium nitrite or organic liquids are explosive

e Emits acrid smoke of irritating and flammable vapours when heated to decomposition

e Use fine water spray and liquid-tight protective clothing with breathing apparatus
Health

e Phenol is rapidly absorbed following inhalation, ingestion and through the skin

e Toxic, harmful and corrosive

e Local effects are observed following inhalation (wheezing, cough, dyspnoea),
ingestion (gastrointestinal effects) and dermal exposure (inflammation, erythema)

e Long-term exposure via inhalation may cause anorexia, excess saliva production,
liver and kidney damage and ingestion may cause nausea, vomiting, headaches,
abdominal pain and sore throat, as well as respiratory and cardiovascular effects

e There is no convincing evidence that phenol can cause cancer in humans

Environment
e Avoid release into the environment
e Inform Environment Agency of substantial release incidents
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Phenol

General information

Key Points

Fire

e Flammable

¢ Incompatible with acids, calcium hypochlorite, caustics and strong oxidising agents

e Mixtures of phenol and sodium nitrite or organic liquids are explosive

¢ Emits acrid smoke of irritating and flammable vapours when heated to decomposition

e Use fine water spray and liquid-tight protective clothing with breathing apparatus
Health

¢ Phenol is rapidly absorbed following inhalation, ingestion and through the skin

e Toxic, harmful and corrosive

e Local effects are observed following inhalation (wheezing, cough), ingestion (stomach
upsets) and skin exposure (inflammation, reddening of skin)

e Long-term exposure via inhalation may cause loss of appetite, excess saliva
production, liver and kidney damage and ingestion may cause stomach upsets,
mouth ulcers, sore throat and heart effects

e There is no convincing evidence that phenol can cause cancer in humans

Environment
¢ Avoid release into the environment
¢ Inform Environment Agency of substantial release incidents
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PHENOL - GENERAL INFORMATION

Background

Phenol is usually in the form of colourless or
white crystals. It has a sickly sweet smell
and a sharp burning taste.

Phenol occurs naturally as coal tar, and is
formed during decomposition of organic
materials. Much of the phenol that is present
in the environment is due to anthropogenic
activities such as wood burning, smoking,
rubbish incineration and car exhausts.

One of the main uses for phenol is for the
production of phenolic resins, bisphenol-A,
used to make epoxy resins and caprolactam
used to make nylon. It is also used to make
adhesives, paint, rubber, ink, dyes, perfume
and soap. Several pharmaceutical products
such as antiseptics, topical anaesthetics,
throat lozenges and ear drops also contain
phenol, as well as disinfectants. It is used in
dermatology for chemical face peeling.

Phenol is present in air, especially near
industrial processes. Phenol may also occur
in rain, surface water and ground water.

Occupational exposure may occur during the
production of phenol and phenol products
and during the application of phenolic resins
as well as other industrial processes.

For the general population the largest
exposure will come from smoking or inhaling
air containing phenol and to a lesser extent
from eating smoked food.

Exposure to phenol causes both local effects
at the site of exposure as well as systemic
effects on other organs in the body.

Eating food or drink contaminated with
phenol for a short period can cause burning
to the mouth and throat, wounds to mouth,
oesophagus and stomach, abdominal pain,
vomiting and diarrhoea. Ingestion of a
significant  concentrated dose or of
significant amounts of a concentrated dose
is usually fatal.

Breathing in air contaminated with phenol for
a short period is irritating to the lungs and
may cause wheezing. Inhalation can also
cause anorexia, headache, weight loss,
vertigo and dark urine. If the skin comes into
contact with phenol the area becomes numb,
hence its use as a local anaesthetic. If
contact continues, pain, inflammation and
discolouration/blanching can occur.

If ingesting phenol for a longer time, severe
stomach irritation can occur as well as heart
and breathing effects, mouth sores and
production of dark urine. Long term skin
contact causes wounds on the skin and can
make the skin yellow.

If phenol is absorbed into the body, it can
cause headaches, dizziness, high blood
pressure, heart effects, shallow breathing,
wheezing, coughing, vomiting, stomach
ulceration and eventually death. These
health effects are the same whether
absorption is due to eating contaminated
food or drink, inhaling contaminated air or
from skin absorption.

Phenol and its compounds are not
classifiable as to their carcinogenicity to
humans by the International Agency for
Research on Cancer.
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PHENOL - GENERAL INFORMATION

Production and Uses

Key Points
Production and uses
e Phenol is used to make many items including plastics, fertilizers, paints, rubber,

adhesives, paper and soap
e |tis widely used as an antiseptic and anaesthetic in sore throat lozenges

Phenol is largely used in the manufacture of phenolic resins and plastics. It is also used in
the manufacture of explosives, fertilizers, paints, rubber, textiles, adhesives, drugs, paper,
soap and wood preservatives.

It is also mixed with other reagents and used as a disinfectant for toilets, floors and drains.

Phenol is still fairly widely used as an antiseptic, a topical anaesthetic used in sore throat
lozenges and sprays and as a skin exfoliant.

General information: Page 6 of 30
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PHENOL - GENERAL INFORMATION

Frequently Asked Questions

What is phenol?

Phenol is a colourless or white solid that has a distinctive sickly sweet odour. It can exist
naturally in the environment but is also man-made.

How does phenol get into the environment?

Phenol can exist naturally in the environment but may also be released into the environment
from industrial activity and from landfills and hazardous waste sites.

How will | be exposed to phenol?

Small amounts of phenol are present in many consumer products that are commonly used,
such as mouthwashes, sore throat lozenges, ear or nose drops, cold sore lotions, analgesic
rubs and antiseptic lotions. It is also found in tobacco smoke and low levels in air have been
detected near industries producing or using phenol. For people not occupationally exposed
to phenol, the greatest exposure would be from inhaling cigarette or cigar smoke, inhaling
contaminated air from industries, drinking contaminated water or using products containing
phenol.

If there is phenol in the environment will | have any adverse health effects?

The presence of phenol in the environment does not always lead to exposure. Clearly, in
order for it to cause any adverse health effects you must come into contact with it. You may
be exposed by breathing, eating, or drinking the substance or by skin contact. Following
exposure to any chemical, the adverse health effects you may encounter depend on several
factors, including the amount to which you are exposed (dose), the way you are exposed, the
duration of exposure, the form of the chemical and if you were exposed to any other
chemicals.

Phenol is commonly used for medicinal purposes. If used in small amounts it is an effective
antiseptic for the skin and is used in mouthwashes. It is an anesthetic or pain reliever and is
used in sore-throat lozenges. No adverse effects occur from such exposures.

Drinking water containing small amounts of phenol for a long period of time can cause
diarrhoea and mouth sores, whereas eating or drinking large amounts of concentrated
phenol can cause severe corrosive damage and death.

Breathing in phenol for a short time can cause irritation to the respiratory tract, headaches
and burning eyes. Long term exposure to high concentrations can cause weakness, muscle
pain, anorexia, weight loss and also effects on the heart.

If the skin comes into contact with significant amounts of phenol people may get liver
damage, diarrhoea, dark urine, damage to the red blood cells, and in severe cases death
may occur.

Overall, exposure to low concentrations of phenol, as with medications or commercial

products, does not produce adverse effects, but exposure to high concentrations can
produce a range of adverse effects.

General information: Page 7 of 30
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PHENOL - GENERAL INFORMATION

Can phenol cause cancer?

There is no convincing evidence of phenol causing cancer, hence the International Agency
for Research on Cancer (IARC) considers phenol to be not classifiable as to its
carcinogenicity in humans.

Does phenol affect children or damage the unborn child?

The limited data on exposure to phenol in preghancy indicate that it is not associated with
either an increased incidence of congenital malformations or miscarriages at concentrations
that are not poisonous to the mother.

What should | do if | am exposed to phenol?

You should remove yourself from the source of exposure.

If you have got phenol on your skin, remove soiled clothing, wash the affected area with
lukewarm water for at least 10 — 15 minutes and seek medical advice.

If you have got phenol in your eyes, remove contact lenses, irrigate the affected eye with
lukewarm water for at least 10 — 15 minutes and seek medical advice.

If you have inhaled or ingested phenol seek medical advice.

General information: Page 8 of 30


lgrayson
Highlight

lgrayson
Underline

lgrayson
Highlight


Phenol

Incident management

Fire

Key Points

Combustible

Incompatible with acids, aliphatic amines, amides, calcium hypochlorite, caustics and
strong oxidisers

Contact with sodium nitrite or organic liquids is explosive

Emits acrid smoke of irritating and flammable vapours when heated to decomposition

In the event of a fire involving phenol, use fine water spray and liquid-tight protective
clothing with breathing apparatus

Health

Toxic by any route of exposure

Toxic, harmful and corrosive

Ingestion may cause local irritation of the mucous membranes and of the
gastrointestinal tract

Inhalation can cause wheezing, cough and dyspnoea

Dermal contact may cause irritation, dermatitis and burns which may not be
immediately perceived due to local anaesthetic effects

Eye contact causes irritation, conjunctival and corneal oedema

Systemic effects include nausea, vomiting, hypotension, tachycardia, cardiac
arrhythmias, pallor, sweating, shock, drowsiness, respiratory depression, cyanosis,
convulsions, coma, bronchospasm and rapid onset pulmonary oedema and death

Environment

Avoid release into the environment
Inform Environment Agency of substantial release incidents

Prepared by S Bull
CHAPD HQ, HPA
2007

Version 2



lgrayson
Highlight

lgrayson
Highlight

lgrayson
Highlight


PHENOL - INCIDENT MANAGEMENT

Hazard Identification'®

Standard (UK) Dangerous Goods Emergency Action Codes

UN 1671 Phenol, solid
Use fine water spray. Wear liquid-tight chemical protective
EAC 2% clothing in combination with breathing apparatus’. Spillages
and decontamination run-off should be prevented from
entering drains and watercourses.
APP -
Class 6.1 Toxic substance
Hazards
Sub )
risks
HIN 66 Highly toxic substance
UN 2312 Phenol, molten
Use alcohol resistant foam but, if not available, normal foam.
Wear liquid-tight chemical protective clothing in combination
EAC 3X with breathing apparatus’. Spillages and decontamination
run-off should be prevented from entering drains and
watercourses.
APP -
Class 6.1 Toxic substance
Hazards
Sub )
risks
HIN 60 Toxic or slightly toxic substance

UN - United Nations number; EAC — Emergency Action Code; APP — Additional Personal
Protection; HIN - Hazard Identification Number

# Dangerous Goods Emergency Action Code List, HM Fire Service Inspectorate, Publications Section,
The Stationery Office, 2004.
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PHENOL - INCIDENT MANAGEMENT

Standard (UK) Dangerous Goods Emergency Action Codes‘®

UN 2821 Phenol, solution
Use fine water spray. Wear liquid-tight chemical protective
EAC 2% clothing in combination with breathing apparatus. Spillages
and decontamination run-off should be prevented from
entering drains and watercourses.
APP -
Class 6.1 Toxic substance
Hazards
Sub )
risks
HIN 60 Toxic or slightly toxic substance

UN - United Nations number; EAC — Emergency Action Code; APP — Additional Personal
Protection; HIN - Hazard Identification Number

* Liquid-tight chemical protective clothing (BS 8428) in combination with self-contained open circuit
positive pressure compressed air breathing apparatus (BS EN 137).

 Dangerous Goods Emergency Action Code List, HM Fire Service Inspectorate, Publications Section,
The Stationery Office, 2004.
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PHENOL - INCIDENT MANAGEMENT

Chemical Hazard Information and Packaging for Supply Classification®

Phenol

Muta. Cat. 3

Category 3 mutagen

T Toxic
Classification
Xn Harmful
C Corrosive
R23/24/25 | Toxic by inhalation, in contact with skin and if swallowed
R34 Causes burns
Risk phrases Harmful: danger of serious damage to health by prolonged
R48/20/21/22 | exposure through inhalation, in contact with skin and if

swallowed

R68 Possible risk of irreversible effects

S(1/2) Keep locked up and out of the reach of children
S$24/25 Avoid contact with skin and eyes

In case of contact with eyes, rinse immediately with plenty

S26 . )
of water and seek medical advice

Safety phrases S28 After contact with skin, wash immediately with plenty of
water
S36/37/39 Wear s_wtable protective clothing, gloves and eye/face

protection

S45 In case of accident or if you feel unwell seek medical advice

immediately

a

European Chemicals Bureau, Classification and Labelling, Annex | of Directive 67/548/EEC;

http://ecb.jrc.it/classification-labelling/ (accessed 2/2007).
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PHENOL - INCIDENT MANAGEMENT

Specific concentration limits®

Concentration Classification
Cz210% T; R23/24/25-48/20/21/22-34-68

3%<C<10% C; Xn; R20/21/22-34-68

1%<C<3% Xn; R36/38-68

% European Chemicals Bureau, Classification and Labelling, Annex | of Directive 67/548/EEC;

http://ecb.jrc.it/classification-labelling/ (accessed 2/2007).
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PHENOL - INCIDENT MANAGEMENT

Physicochemical Properties(a’b’c)

CAS number 108-95-2

Molecular weight 94

Empirical formula CsHeO

Common synonyms Carbolic acid; Phenyl hydroxide; Hydroxybenzene

State at room temperature | Solid

Volatility Vapour pressure =1 mm Hg at 25 °C
Specific gravity 1.1at25°C (water=1)
Flammability Combustible
Lower explosive limit 1.3%
Upper explosive limit 8.6 %
Soluble in water; highly soluble in alcohol, ether, chloroform,
Water solubility gzgerol, carbon disulfide, aqueous alkali hydroxides and acetic

Incompatible with acids, aliphatic amines, amides, calcium
hypochlorite, caustics and strong oxidisers. Lead, rubber,
plastics and aluminium can be corroded by phenol. Contact of
phenol with sodium nitrite or organic liquids is explosive

Reactivity

Reaction or degradation Emits acrid smoke of irritating and flammable vapours when

products heated to decomposition

Odour Distinctive sweet odour
OH

Structure

 Phenol (HAZARDTEXT® Hazard Management). In: Klasco RK (Ed): TOMES® System. Thomson
Micromedex, Greenwood Village, Colorado (Edition expires [06/2007]) (accessed 02/2007).

® The Merck Index (14™ Edition). Entry 7241: Phenol, 2006.

¢ The Dictionary of Substances and their Effects. Ed. S Gangolli. Second Edition, Volume 6, 1999.
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PHENOL - INCIDENT MANAGEMENT

Threshold Toxicity Values'®

THRESHOLD LEVELS
EXPOSURE SYMPTOMS

Dermal exposure

40 % Premature ventricular complexes
78 % Coma

Ingestion
1-32 g Ingestion may cause death

% Phenol (MEDITEXT® Medical Management). In: Klasco RK (Ed): TOMES® System. Thomson
Micromedex, Greenwood Village, Colorado (Edition expires [06/2007]) (accessed 02/2007).
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PHENOL - INCIDENT MANAGEMENT

Published Emergency Response Guidelines

Emergency Response Planning Guideline (ERPG) Values !

Listed value Calculated value
(ppm) (mg m®)
ERPG-1* 10 39
ERPG-2** 50 193
ERPG-3*** 200 770

* Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing other than mild transient adverse health effects or
perceiving a clearly defined, objectionable odour.

** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing irreversible or other serious health effects or
symptoms which could impair an individual's ability to take protective action.

*** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing life-threatening health effects.

Acute Exposure Guideline Levels (AEGLs)®

ppm
10 min 30 min 60 min 4 hr 8 hr
AEGL-1" 19 19 15 9.5 6.3
AEGL-2'1 29 29 23 15 12
AEGL-3'" - - - - -

" The level of the chemical in air at or above which the general population could experience notable
discomfort.

™ The level of the chemical in air at or above which there may be irreversible or other serious long-
lasting effects or impaired ability to escape.

™ The level of the chemical in air at or above which the general population could experience life-
threatening health effects or death.

' American Industrial Hygiene Association (AIHA). Emergency Response Planning Guideline Values
and Workplace Environmental Exposure Level Guides Handbook, Fairfax, VA, 2005.

'U.S. Environmental Protection Agency. Acute Exposure Guideline Levels,
http://www.epa.gov/oppt/aegl/pubs/chemlist.htm (accessed 02/2007).
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PHENOL - INCIDENT MANAGEMENT

Exposure Standards, Guidelines or Regulations

Occupational standards

LTEL (8 hour reference period): 2 ppm (8mg m™)

WELW™
STEL(15 min reference period): No guideline value
specified

Public health guidelines

DRINKING

WATER QUALITY GUIDELINE No guideline value specified

AIR QUALITY GUIDELINE No guideline value specified

Residential with plant uptake:

1% soil organic matter (SOM) - 78 mg kg™ dry
weight soll

2.5% SOM - 150 mg kg™ dry weight soil

5% SOM - 280 mg kg dry weight soil
Residential without plant uptake:

1% SOM — 21,900 mg kg™ dry weight soil
2.5% SOM — 34,400 mg kg™ dry weight soil
5% SOM — 37,300 mg kg dry weight soil

Allotments:

1% SOM — 80 mg kg™ dry weight soil
SOIL GUIDELINE VALUE AND 2.5% SOM — 155 mg kg™ dry weight soil
HEALTH CRITERIA VALUES ™ 5% SOM — 280 mg kg dry weight soil

Commercial/industrial:

1% SOM — 21,900 mg kg™ dry weight soil
2.5% SOM — 43,000 mg kg™ dry weight soil
5% SOM — 78,100 mg kg™ dry weight soil

Tolerable Daily Intake o
700 pg kg™ bw day™

Mean Daily Intake o4
640 pg day™

WEL — Workplace exposure limit; LTEL - Long-term exposure limit; STEL — Short-term
exposure limit

¥ Health & Safety Executive. EH40/2005 Workplace Exposure Limits 2005. The Stationery Office,
London, 2005.

' Department for Environment, Food and Rural Affairs (DEFRA). Soil Guideline Values for Phenol
Contamination, 2005.

™ Department for Environment, Food and Rural Affairs (DEFRA). Contaminants in Soil: Collation of
Toxicological Data and Intake Values for Humans. Phenol. 2003.
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PHENOL - INCIDENT MANAGEMENT

Health Effects™

Major routes of exposure

e Toxic by any route of exposure

Immediate Signs or Symptoms of Acute Exposure®®

e Exposure by any route can cause irritation, burns and systemic effects.

e Ingestion: Causes irritation of the mucous membranes and of the Gl tract, coma,
unrecordable blood pressure, convulsions, arrhythmias and respiratory arrest.
Significant ingestion is said to cause white/brown skin and mucosal burns which may
be painless as phenol destroys the nerve endings. Laryngeal oedema can occur and
oesophageal stricture may be a late complication.

e Skin contact: Even dilute solutions (1%) can cause irritation, dermatitis and burns to
the skin after prolonged contact. Often presents as relatively painless white or brown
necrotic lesions; the brown discolouration may remain after healing.

e Eye contact: Causes irritation, conjunctival and corneal oedema and blindness.

e Systemic effects: Includes nausea, vomiting, hypotension, tachycardia, cardiac
arrhythmias, pallor, sweating and shock. CNS stimulation is followed by drowsiness,
respiratory depression, cyanosis, convulsions, coma, bronchospasm and rapid onset
pulmonary oedema and death.

TOXBASE - http://www.spib.axl.co.uk

" TOXBASE: Phenol, 2003.

° TOXBASE: Phenols and cresols — features and management, 2003.
P TOXBASE: Phenol — ingestion, 2003.

9 TOXBASE: Phenol — skin contamination, 2003.

" TOXBASE: Chemicals splashed or sprayed into the eyes, 2002.
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PHENOL - INCIDENT MANAGEMENT

Decontamination and First Aid‘®

Important Notes

¢ Ambulance staff, paramedics and emergency department staff treating chemically-
contaminated casualties should be equipped with Department of Health approved,
gas-tight (Respirex) decontamination suits based on EN466:1995, EN12941:1998
and prEN943-1:2001, where appropriate.

Dermal exposure®

¢ Remove patient from exposure.
e Wash all contaminated areas of the skin with copious quantities of water. The use of
solvents (such as glycerol, polyethylene glycol and isopropanol) has been suggested.
Ocular exposure

e Remove patient from exposure.

¢ Remove contact lenses if necessary and immediately irrigate the affected eye
thoroughly with water or 0.9% saline for at least 10-15 minutes.

e Patients with corneal damage or those whose symptoms do not resolve rapidly
should seek medical advice.

Inhalation™
¢ Remove patient from exposure.
e Ensure a clear airway and adequate ventilation.
e Give oxygen if clinically needed.
e Apply other measures as indicated by the patient’s clinical condition.

Ingestion™

¢ Ensure a clear airway and adequate ventilation.

e The benefit of gastric decontamination is uncertain. Consider activated charcoal (50 g
for adults; 10-15 g for children) if the patient present within 1 hour of ingestion of a
potentially toxic amount.

¢ Apply other measures as indicated by the patient’s clinical condition.

Systemic effects®
o Observe for at least 2 hours after exposure.

e Give oxygen if clinically indicated.
e Apply other measures as indicated by the patient’s clinical condition.

TOXBASE - http://www.spib.axl.co.uk

* TOXBASE: Phenol, 2003.

' TOXBASE: Phenol — skin contamination, 2003.

Y TOXBASE: Chemicals splashed or sprayed into the eyes, 2002.

Y TOXBASE: Phenols and cresols — features and management, 2003.
" TOXBASE: Phenol — ingestion, 2003.
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Phenol

Toxicological overview

Key Points

Kinetics and metabolism

Phenol is rapidly absorbed following inhalation, ingestion and through the skin
Following ingestion phenol undergoes first-pass metabolism and is conjugated with
glucuronic acid and sulphate

Phenol is predominantly excreted via the urine

Health effects of acute exposure

Toxic, harmful and corrosive

Acute ingestion and skin exposure can cause systemic effects such as anorexia,
headache, dark urine, hypothermia, hypotension, arrhythmia and coma

Local effects are observed following inhalation (wheezing, cough, dyspnoea),
ingestion (gastrointestinal effects) and dermal exposure (inflammation, erythema)

Health effects of chronic exposure

Chronic inhalation of phenol may cause anorexia, weight loss, salivation, muscle
weakness, liver and kidney damage

Following chronic ingestion nausea, vomiting, headaches, abdominal pain, sore
throat, mouth ulcers and dark urine may occur, as well as respiratory and
cardiovascular effects

Chronic skin exposure may cause local effects such as skin irritation, inflammation
and necrosis, as well as including anorexia, headache, vertigo and dark urine
International Agency for Research on Cancer classified phenol as a category 3
carcinogen i.e. not classifiable as to the carcinogenicity to humans

Prepared by S Bull
CHAPD HQ, HPA
2007

Version 2
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PHENOL - TOXICOLOGICAL OVERVIEW

Toxicological Overview

Summary of Health Effects

Following acute inhalation of phenol, respiratory effects such as wheezing, coughing, and
dyspnoea may occur. Chronic inhalation of phenol may lead to gastrointestinal effects such
as anorexia, weight loss, muscle weakness, liver and kidney effects. There does not appear
to be cumulative health effects following chronic inhalation exposure.

Following acute ingestion of phenol systemic effects as seen following inhalation may occur,
as well as burning of mouth and throat, necrosis of skin and mucous membranes, abdominal
pain, nausea, vomiting, sweating, diarrhoea and cyanosis. Ingestion is commonly fatal.
Chronic ingestion may cause mouth ulcers, sore throat, abdominal pain, nausea, vomiting,
diarrhoea, headache and dark urine.

Following acute skin exposure to phenol local effects may include inflammation, erythema,
corrosion and burns. Systemic toxicity may also occur, similar to that observed following
inhalation or ingestion of phenol. Chronic skin exposure may cause skin irritation,
inflammation, necrosis, anorexia, headache, vertigo, salivation and dark urine.

The international Agency for the Research on Cancer (IARC) concluded that phenol is not
classifiable as to its carcinogenicity in humans (group 3).

No data were available regarding the reproductive or developmental effects of phenol in
humans.
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PHENOL - TOXICOLOGICAL OVERVIEW

Kinetics and metabolism

Phenol is rapidly absorbed following inhalation and ingestion [1-3]. Approximately 70 — 80 %
of the dose is absorbed following inhalation of phenol vapour, and 90 % of the dose was
recovered in urine following oral exposure. Phenol vapour and aqueous solutions are also
rapidly absorbed through the skin. Approximately 80 % of the dose was absorbed through
the skin when volunteers placed their hands in phenol solutions for 30 minutes [4]. The skin
is thought to be the primary route of entry during occupation exposure [3].

Once absorbed phenol is rapidly distributed to all tissues in animals [1-3]. The highest peak
concentrations were found in liver although both phenol and metabolites were also detected
in the lungs, CNS, spleen, kidney, adrenal gland and thyroid, depending on the animal
species [4]. No data were found regarding the distribution of phenol in humans by any route
of exposure [1-3].

Following absorption by the oral route, phenol undergoes first-pass metabolism as it is
rapidly conjugated with glucuronic acid and sulphate [1, 2]. Hydroxylation to hydroquinone
and catechol also occurs [2]. Quantitatively, the liver, lungs, kidney and gastrointestinal
mucosa are the most important sites for phenol metabolism. The roles these organs play in
metabolism depend on the route of exposure and the dose. The lack of first pass metabolism
following skin absorption may contribute to the toxicity of phenol following dermal absorption

[4].

The major route of excretion of phenol is via the urine. A minor part is excreted in faeces or
expired air [1, 2]. The rate of excretion depends on route of exposure and dose. Following a
single dose of phenol, the excretion rates during the first 24 hours are approximately 99 %,
90 % and 80 % for inhalation, oral and dermal routes, respectively [4].

Sources and route of exposure

The main route of exposure to phenol is via inhalation (products of combustion in air,
cigarette smoke) or ingestion (smoked food) [2, 5].

Phenol is a constituent of coal tar and formed during the natural decomposition of organic
materials. The majority of phenol in the atmosphere however is from anthropogenic activity.
Residential wood burning, exhaust gases and degradation of benzene under light are all
potential sources of phenol [2, 5].

The main emission of phenol occurs to air. Atmospheric levels in urban/suburban areas are
estimated to be 0.1 — 8 pg m™ whereas concentrations near industrial areas may be higher.
Ambient air levels in a highly industrialised region of Poland reached between 3.8 and 26.6
ug m*2 [2, 5]. Phenol has also been detected in rain, surface and ground water, although
data are scarce [2].

Workers may be occupationally exposed to phenol if working in the processing of phenolic
resins, production of phenol derivatives, caprolactam, cokes or insulation materials. Wood
workers and those working in plywood plants are also at risk of occupational exposure, as
are those working in iron and steel foundries or synthetic fibre and fibrous glass wool
factories [1, 2].

The main route of systemic exposure is predominantly via ingestion, inhalation or dermal
absorption as phenol is readily absorbed from the Gl tract, the lungs and the skin [1].
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Health Effects of Acute / Single Exposure

Human Data

Inhalation

Only limited data are available on adverse effects following short term inhalation (2).

Phenol vapours are irritating to the upper respiratory tract, and wheezing may occur. Other
effects associated with inhalation include anorexia, weight loss, headache, vertigo, salivation
and dark urine indicative of nephrotoxicity (1).

Ingestion

Both local and systemic effects have been reported following ingestion of phenol, including
cardiovascular effects, respiratory distress, metabolic acidosis, renal failure, neurological
effects, shock, coma and death [1, 2, 5].

Intense burning of the mouth and throat may occur following swallowing a significant
concentrated dose of phenol, leading to necrosis of the skin and mucous membranes of the
throat, as well as abdominal pain and gastrointestinal irritation including nausea, vomiting,
sweating and diarrhoea. Skin may be pale and sweaty, and pupils may be constricted or
dilated. Cyanosis is usually evident. Respiratory and pulse rates are initially increased then
decreased. Excitation may occur which may be rapidly followed by unconsciousness.
Ingestion at such level is usually fatal [1, 5].

Respiratory effects, often characterised by an initial increase in respiratory rate followed by
decrease in both rate and magnitude leading to respiratory failure are the most common
cause of death following acute ingestion of phenol [2, 3]. Death has been reported to have
occurred within 10 minutes of ingestion of 4.8 g. Other cases have been reported in which
death has occurred within hours of ingestion of 10 — 20 g phenol. In the latter case,
tachypnoea was initially observed, followed by dyspnoea. On autopsy pulmonary oedema
was reported [3]. The lowest dose at which death has occurred in humans was 140 mg kg™
bw. [4].

Cardiovascular effects have been reported following phenol ingestion such a bradycardia [1,
2, 5]. However, following ingestion of one ounce of 89 % phenol one casualty was in
respiratory arrest within 30 minutes and within 60 minutes had developed ventricular
tachycardia, subsequently developing supraventricular and ventricular dysrhythmias. The
same casualty also showed signs of Gl irritation as esophagitis and Gl bleeding occurred
within one week of exposure [3].

Dark urine may be produced following ingestion of phenol. Acute renal failure may occur [1].

Dermal / ocular exposure

Local effects after dermal exposure include dermal inflammation, erythema, and, due to it
being a local anaesthetic, painless blanching. However, once pain becomes evident serious
burns, corrosion and necrosis may have already occurred. Effects are worse if affected sites
are bandaged [1-3]. A 5 — 10 % phenol solution used on dressings has been reported to
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cause necrosis of the skin and underlying tissues, in some cases necessitating amputation.
A white, brown or red discolouration of the skin may also occur [1, 2]. Dermal exposure to 40
% phenol in dichloromethane resulted in severe burns [3].

Systemic toxicity may occur rapidly following dermal absorption, and approximately 50 % of
reported cases are fatal [1, 2]. Cardiovascular shock, cardiac arrhythmias and bradycardia,
as well as metabolic acidosis have been reported within 6 hours of skin peeling procedures
with phenol [2, 3]. Hyperventilation, acute renal failure, and methaemoglobinaemia have also
been reported [2].

Gastrointestinal effects such as nausea and vomiting have been reported in cases where
casualties were exposed to phenol-water solution. In one case, following phenol exposure
(concentration not stated) hepatic effects such as an increase in bilirubin concentration were
also observed. In another case (casualty exposed to 40 % phenol in dichloromethane) acute
renal failure was reported [3].

Fumes of phenol are irritating to the eyes and may cause miosis or mydriasis. Phenol is
corrosive and can cause severe ocular damage including corneal opacification [1].

Animal and In-Vitro Data

General toxicity

The clinical effects following phenol exposure are independent of the route of exposure. The
acute effects are generally attributed to the depression of the CNS, leading to symptoms
such as neuromuscular hyperexcitability (twitching and convulsions), increased heart rate
followed by slow and irregular heart rate), hypertension followed by hypotension, salivation,
dyspnoea and hypothermia [2].

Inhalation

Phenol is a respiratory irritant in laboratory animals. Female rats exposed to 234 ppm phenol
for one hour showed signs of nasal irritation during exposure. Slight loss of coordination with
spasm of the muscle groups was also reported after four hours and frank tremors with severe
coordination after eight hours. All symptoms had ceased after one day. Ocular irritation also
occurred [3]. In addition, mice exposed to phenol vapour (concentration not stated) showed
an increase in reflex apnea (an index for respiratory irritation) with increased phenol
concentration [3].

Inhalation of phenol also caused hyperaemia, bronchopneumonia and purulent bronchitis in
a number of animal species [2].
Ingestion

After oral ingestion of phenol the mucous membranes of the throat and oesophagus may
become inflamed and necrotic [2].

Female rats treated with 0 — 224 mg kg™ bw showed signs of neurotoxicity (tremours) 1 — 2

minutes after administration of the 120 and 224 mg kg™ bw dose. After 24 hours, miosis was
significantly inhibited at all dose levels and locomotor activity was decreased in rats exposed
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to 224 mg kg* bw [2]. Necrosis or atrophy of the spleen was also observed in rats given
single doses of phenol (224 mg kg™) by gavage [3].

Haematological effects were reported in pregnant mice given a single dose of phenol (265
mg kg™ on gestation day 13 [3].

Neurological symptoms were observed in rabbits and rats following acute phenol exposure.
Tremors starting at the head then spreading to the rest of the body, loss of coordination and
convulsions preceded death after exposure to 300 — 940 mg kg™. Similarly, rats given 120
mg kg™ phenol orally displayed tremors, followed by convulsions and coma [3].

Dermal / ocular exposure

Following dermal exposure to phenol erythema, inflammation, oedema, skin irritation,
discolouration, eczema and necrosis was reported in a number of laboratory animal species.
Many effects are dose related and in some cases, resulted in death [2, 3].

Dyspnea and death was observed in pigs following exposure to a single dose of 500 mg kg™
undiluted phenol over 35 — 40 % of the body surface area. Cardiac arrhythmia was also
noted in rabbits treated with 50 % phenol solution [3].

Renal effects such as haemogobinuria and haematin casts in the distal convoluted tubules

were observed in rats exposed to an acute dermal exposure to 107.1 mg kg™ liquid phenol

3],
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Health Effects of Chronic / Repeated Exposure

Human Data

Inhalation

Few data were found regarding adverse effects following chronic inhalation exposure to
phenol. There does not appear to be cumulative health effects following chronic inhalation
exposure [1, 2].

A cohort study of individuals working in the rubber and tyre industry revealed a significant
increase in mortality from ischemic heart disease in phenol-exposed workers compared with
controls. In contrast, those working in phenol-formaldehyde resin plants had a decreased
mortality due to heart disease [3].

Gastrointestinal effects such as anorexia, progressive weight loss and excess production of
saliva may occur following chronic exposure to phenol liquid and vapour. Muscle pain and
weakness have also been reported, as have hepatic effects such as enlarged liver and
elevated concentrations of liver enzymes. In addition, dark urine and glucose were present in
the urine [3].

Ingestion

Chronic ingestion of phenol causes severe Gl irritation, cardiovascular, CNS and respiratory
effects and decreased body weight [1, 2].

Local drinking water wells were contaminated following a phenol spill and resulted in
individuals being exposed to phenol. Individuals that had ingested water containing >0.1 mg
L™ had mouth sores, sore throats, diarrhoea and dark urine. An increase in the prevalence of
skin rashes was also reported, although dermal exposure cannot be ruled out. The average
daily intake of those showing health effects over the period of concern (a few weeks) were
estimated to be in the range of 10 — 240 mg day™. No residual effects were observed after
six months [1-4].

People living near a river contaminated with phenol reported headaches, nausea, vomiting,
diarrhoea and abdominal pain. The concentration of phenol in the reservoir used for drinking
water was 0.05 mg L™. The chlorination process may have converted phenol to chlorophenol
that may be responsible for causing such effects [3].

Dermal / ocular exposure

Repeated skin exposure may result in onychronosis (yellowing of the skin), skin irritation and
skin eruption, as well as dermal inflammation and necrosis [1, 3].

Phenol may also cause symptoms such as anorexia, headache, vertigo, salivation, dark
urine suggestive of haemoglobinuria, and increased skin pigmentation [1, 3].
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Genotoxicity

Few data are available on the genotoxicity of phenol in humans [3].

Carcinogenicity

Four epidemiological studies were considered by IARC [6].

A case-control study of approximately 7000 men working in the rubber industry showed a
non-significant increase in stomach cancer. In another case-control study of 136 patients
with lung cancer within a cohort of 7300 men working in the plywood industry, exposure to
phenol was associated with an increased risk of lung cancer. The risk was higher in short-
term rather than long-term workers. A cohort of 15000 workers in five US companies
occupationally exposed to phenol showed increased mortality ratios for cancer of the
oesophagus, kidney and Hodgkin's disease, but decreased ratios for cancer of the stomach,
brain, buccal cavity and pharynx. None of the mortality ratios were related to dose and were
non-statistically significant. In a small population based, case control study, exposure to
phenol was associated with an increased risk of pancreatic cancer (odds ratio = 4.8)
although this was based on only four cases [6].

Overall, IARC stated that “the pattern of results fails to demonstrate a risk of cancer due to
phenol exposure” and concluded that there was inadequate evidence in humans for the
carcinogenicity of phenol and therefore it cannot be classified as to its carcinogenicity to
human i.e. group 3 [6].

Reproductive and developmental toxicity

Few data were available regarding the reproductive or developmental effects of phenol in
humans [3, 7]. Three small epidemiological studies have been carried out and have shown
no clear association between occupational exposure to phenol and adverse pregnancy
outcome. However, such studies, due to their design, may not have been sensitive enough to
identify any adverse effects. Moreover, most women included in the studies were exposed to
a mixture of solvents as well as phenol, and no data regarding exposure levels, frequency
and duration of exposure were reported [7] .

Animal and In-Vitro Data

Inhalation

Guinea pigs exposed to 26 -52 ppm phenol via inhalation for 41 days showed signs of
inflammation, cellular infiltration, pneumonia, bronchitis, endothelial hyperplasia and capillary
thrombosis. Myocardial injury, characterised by myocardial inflammation, degeneration,
necrosis, interstitial fibrosis and lymphocyte infiltration, was also reported. Guinea pigs also
had centrilobular degeneration and necrosis of the liver as well as renal proximal tubule and
glomerular injury. Rabbits showed qualitatively similar, but less severe effects after 88 days.
Neurological effects (hindlimb paralysis) were seen in guinea pigs, but not in rabbits [3].

Elevated liver enzymes were measured in rats exposed to 26 ppm phenol for 15 days. Such

rats also showed signs of neurological impairment such as muscle tremors, twitching and
movement disturbances [3].
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Ingestion

Pregnant rats exposed to phenol (40 — 53.3 mg kg™ day™) by gavage showed signs of
dyspnoea [3].

Rats exposed to 16 — 1694 mg kg™ day™ and mice exposed to 25 — 2642 mg kg™ day™
phenol in drinking water for 13 weeks showed no adverse effects on the respiratory,
cardiovascular, endocrine, immune, neurological or reproductive system. In addition, the Gl
tract, bone, liver, kidney and skin were unaffected. A decreased body weight of rats and mice
was reported at higher doses, which was associated with a decrease in water intake [3].

In the National Cancer Institute drinking-water study rats and mice were dosed with 2500
ppm or 5000 ppm phenol for 103 weeks, which corresponds to doses of approximately 260 —
280 or 585 — 630 mg kg™ day™ for rats, and 450 or 660 mg kg™ day™ for mice. There were no
adverse effects on the respiratory, cardiovascular, endocrine, immune, neurological or
reproductive system, nor the Gl tract, bone, liver, kidney and skin. Decreased body weight of
both rats and mice was observed, which was related to the decreased water intake [3, 4, 8].

Higher toxicity was observed in a rat study in which phenol (0 — 120 mg kg™ day™) was
administered by gavage for 14 days. All rats dosed with 120 mg kg™ day’ died within 11
days. Kidney and liver pathology occurred in some rats administered 40 mg kg™ day™ phenol
as well as thymus necrosis or atrophy. One rat showed such effects after administration of 12
mg kg™ day™ [4].

Dermal / ocular exposure

Skin crusts were reported on mice exposed to 5 mg phenol (5 % (w/v) solution) for 32 weeks,
whereas skin ulceration occurred in mice exposed to 5 mg phenol (20 % (w/v)) [3].

Genotoxicity

Several bacterial mutagenicity studies reported negative results regarding the mutagenic
activity of phenol [4]. However, several in-vitro mammalian systems have reported positive
data. Using the bone marrow micronucleus test, a significant increase in micronuclei was
reported in mice orally administered 265 mg kg™ bw [2]. Phenol gave a positive result in the
V79/HPRT mutation test with metabolic activation. Conflicting results were obtained using
the mouse lymphoma/ TK mutation test, as statistically significant and dose-related increases
in mutation frequency were reported in the presence and absence of metabolic activation.
However, such data could not be repeated by other laboratories [2].

The International Programme on Chemical Safety (IPCS) Environmental Health Criteria
stated “the available data suggest that phenol may be genotoxic” [2].

Phenol has been considered on a number of occasions by the Committee on Mutagenicity of
Chemicals in Food, Consumer products and the Environment (COM). The COM agreed that
phenol should be considered an in-vivo somatic cell mutagen, based on positive results at
high doses in the bone marrow assays for clastogenicity. The Committee concluded that,
following the oral route, there was potential for a threshold of activity as there was evidence
of good protective mechanisms (rapid conjugation and detoxification of phenol in humans via
the glutathione pathway) that would substantially reduce the systemic exposure to any active
metabolites formed. However, there were insufficient data on inhalation and dermal exposure
hence it was not possible to assume a threshold for inhalation or skin exposure [9].
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In 1999 new data were presented and the COM concluded that overall, the in-vitro
mutagenicity data were of poor quality and results were difficult to interpret, but in-vivo data
showed phenol to be a somatic cell mutagen following intraperitoneal doses of approximately
100 — 160 mg kg™. No conclusions were drawn from the transgenic animal study on site-of-
contact mutagenicity following inhalation or dermal exposure. Overall, the COM concluded
that “the available data showed that occupational exposure to phenol was associated with a
mutagenic hazard but it was not possible to quantify the risk” [9].

More recent data have been made available to provide a plausible mechanism to support the
hypothesis that the positive data obtained in the bone-marrow test were due to a secondary
threshold toxic effect, namely hypothermia, occurring at dose levels associated with positive
results in the micronuleus assay, rather than a direct mutagenic effect. It was argued that the
induction of micronuclei at the maximal tolerated dose is threshold related and may be
causally related to hypothermia. The Committee agreed that if additional data on the dose-
response of phenol-induced hypothermia could be provided then phenol could be regarded
as having no significant in-vivo mutagenic potential at dose levels that do not produce any
significant toxic effects [10].

Carcinogenicity

The IARC concluded that there is inadequate evidence in experimental animals for the
carcinogenicity of phenol.

Reproductive and developmental toxicity

Phenol can cross the rat placenta into fetal circulation. In animal studies, the most reliable
findings at non-maternally toxic doses have been a reduction in fetal weight and viability.
There is consistent data on congenital malformations [7].

In a multigeneration study, rats were exposed to 100 — 12000 mg L™ drinking water (10 —
1200 mg kg™ bw) for three to five generations. Stunted growth was reported in the offspring
of rats exposed to 7000 mg L™. At 8000 mg L™ offspring died due to maternal neglect, at
10000 mg L™ offspring died at birth and at 12000 mg L™ no reproduction occurred. No
adverse effects were seen on growth, general appearance or fecundity in rats exposed to
100 — 100 mg L™ for five generations, or to 3000 — 5000 for three generations [2].

Pregnant rats given phenol (0 — 120 mg kg™ bw) by gavage during pregnancy (day 6 — 15)
showed no signs of toxicity but the average fetal body weight per litter was significantly
decreased at the highest dose. In this developmental toxicity study no convincing signs of
fetotoxicity were seen at 140 mg kg-1 day-1 or below [2].

In a similar study Swiss albino mice were administered phenol (0 — 280 mg kg* bw) by
gavage during gestational day 6 — 15. Maternal toxicity was observed in the highest dose
group, including ataxia and tremor, reduced body weight and reduced body weight gain. No
dose related changes were reported for prenatal mortality, live litter size or morphological
abnormalities [2].

In a two generation study male reproductive study, no significant changes were reported in
fertility or reproductive function, with the exception of significant increased in testicular sperm
counts and production rates in F; males exposed to 5000 ppm [7].
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