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Abstract
There are many chemicals that can cause burns. Although they are generally acidic

and basic in nature, there are more than one million known chemical compounds,

of which 300 have been declared highly hazardous chemical substances by the

National Fire Protection Society. Chemical burns account for approximately 10.7%

of all burn injuries and 30% of deaths because of burns. Chemicals can be classi-

fied as acid, alkali, organic, and inorganic compounds. Acids act by denaturing and

coagulating proteins. Alkaline burns cause deeper burns than acid burns.
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1 | INTRODUCTION

The skin acts as a barrier that protects the body from heat
and fluid loss. The elimination of this barrier leads to many
pathophysiological changes and this leads to infection. The
heat and fluid balance of the body is disturbed. Burn is asso-
ciated with acute injury caused by exposure of skin and/or
subcutaneous tissues to heat, cold, electricity, radiation, or
chemical agents.1,2 Although damage occurs in skin and
subcutaneous tissues, it is a complex trauma that determines
the prognosis by the pathophysiology of the whole organism
because of the reasons such as the depth of the burn, surface
area, the agent causing the burn, area of the burn on body,
additional diseases and the infection, and metabolic condi-
tions that may occur during the follow-up period.3

There are many chemicals that can cause burns. Although
they are generally acidic and basic in nature, there are more
than one million known chemical compounds, of which
300 have been declared by the National Fire Protection Soci-
ety as highly hazardous chemical substances.4 Chemical
burns account for about 10.7% of all burn injuries and 30%
of deaths because of burns.5

Chemicals can often be classified as acid, alkali, organic,
and inorganic compounds. Acids act by denaturing and

coagulating proteins. Alkaline burns cause deeper burns than
acid burns.6 Alkaline compounds saponification on the sur-
face epithelium of the skin and laxity causes necrosis.7

Organic solutions cause injury by dissolving the lipid
membrane, leading to disruption of physiological processes.
Inorganic solutions cause injury through denaturation mecha-
nisms.6 The type and pathophysiology of some rare chemical
burns are summarised in Table 1.

The aim of this study is to discuss the types of damage
caused by the rare cases of chemical burns and the primary
treatment strategies performed in our burn unit.

2 | SPECIAL ISSUES FOR RARE
COMPONENTS

2.1 | Cement

Cement is widely used in the world and cause burns outside
the industrial environment. The dominant compound is alka-
line calcium hydroxide formed when calcium oxide is
exposed to water. This is the compound accused of chemical
burns. The onset of symptoms is typically insidious and may
cause full-thickness burns. The dry material which is loose in
its treatment is purified from the skin, then the contaminated
areas are thoroughly washed and applied with antibacterial

Hakan Akelma and Zeki A. Karahan contributed equally to the development
of this study.

Received: 19 March 2019 Revised: 28 July 2019 Accepted: 31 July 2019

DOI: 10.1111/iwj.13193

© 2019 Medicalhelplines.com Inc and John Wiley & Sons Ltd

1330 Int Wound J. 2019;16:1330–1338.wileyonlinelibrary.com/journal/iwj

https://orcid.org/0000-0002-0387-8738
mailto:hakanakelma@hotmail.com
http://wileyonlinelibrary.com/journal/iwj


ointment. Wounds are observed regularly because of possible
debridement and grafts8 (Figure 1).

2.2 | Super Glue (Cyanoacrylate)

Cyanoacrylate (CA) was first described in 1949 and used as
an adhesive. Homologues of CA glue, including methyl-,
ethyl-, isobutyl-, isohexyl-, and octyl-CA, have been used in
different industrial areas. In order to create a less toxic prod-
uct in the 1960s, the formulation was changed to butyl CA for
possible medical use. There is an increasing use in houses. It
now has widespread use for all purposes. However, frequent
application of CA is locally adhesive. CA burns are unusual
chemical burns. When it contacts with cotton, a serious exo-
thermic reaction will occur and result in thermal burns.9-13

Single skin contact with CA is generally safe, but repeated
contact may cause dermatitis,14 irritant paronychia, or allergic

onycholysis.15 There are four patients, among which two of
them were children, reported with CA burns.11,12 The cya-
nacrylate cutaneous burn of one of the children reported was
caused by nail adhesive (Figure 2).

TABLE 1 Rare chemical agents and injury mechanism

Chemical
Substance Chemical Agent Mechanism Of Action Pathological Process Primary Treatment

Laundry

Cleaners • Ammonia
• Sodium hypochlorite

Alkaline, Corrossive Effect Potent alkali causing
oxidization and
liquefactive necrosis

Very Large Rotaring Water

Bleach • Sodium hypochlorite As previous

Pool cleaner • Sodium hypochlorite As previous

Kitchen

Oven cleaners •Sodium (or potassium)
hydroxide

Alkaline Corrossive Effect Potent alkali causing
oxidation and production
of heat (exothermic)

Very Large Rotaring Water

• Hydrofluoric acid Acidic Corrosive Effect,
Skin Burn

As previous and
metabolic hypocalcemia,
hyperkalemia and
myocardial arrhythmia

Duration High Flow Water
Decontamination

Bathroom

Toilet cleaner • Precursors of sulohuric
acid

• Hypochlorite
• Hydrochloric acid

Alkaline and Acidic
Corrosive Effect

Lipid Barier
Disruption and Skin Burn

Potent acids and alkalis as
previous

Duration High Flow
Water Decontamination

Drain cleaner • Sulphuric acid
• Sodium hydroxide

Alkaline, Corrossive

Lipid Barier
Disruption

Potent acids and alkalis as
previous

Very Large Rotaring Water

Other

Cement •Quicklime full-thickness skin burn full thickness thermal burn Duration High Flow
Water Decontamination

Super Glue •Cyanoacrylate (and
Methyl-, Ethyl-, _lsobutyl-,
_lsohexyl- And Octyl-CA

Exothermic Reaction By
Contact With Cotton and
_lrritant

causing thermal burn
2nd degree burn( in
epidermis and dermiş)

Irrigated Under Cold Water

(Continues)

Key Messages
• there are more than one million known chemical

compounds that can cause burns
• types of damage caused by the rare chemical

burns and the primary treatment strategies are
importing

• chemical burns generally cause deep burns
• in the early period, the removal of the substance

and neutralisation with water is the most impor-
tant step in the treatment
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2.3 | Drugs (Expigment 30 Gr Cream: 4%
hydroquinone ORVA dermatologic products)

Expigment is a drug in which the active ingredient is
hydroquinone, with concentrations of 2% and 4%, and
higher concentrations are prohibited. It is a drug that pro-
vides the skin to be opened in dark colour spots because
of excessive increase of pigment in the skin or tissue.

TABLE 1 (Continued)

Chemical
Substance Chemical Agent Mechanism Of Action Pathological Process Primary Treatment

Drugs
(Expigment
and IL-33
solution)

•Hidrokinon
•Dichloroacetic Acid
•Monochloroacetic Acid
•Trichloroacetic Acid

Acidic Corrosive Effect Potent acid causing
coagulative necrosis

Irrigated Under Large
Rotaring Water

Hot Bitum •Tar Lipid Barier
Disruption

full thickness thermal burn Cloths Impregnated With
Olive Oil Or Remove The
Bitumen After Cooling
Or Irrigation With
Abundant Warm Water

Nail polish
remover

Acetone: dimethyl ketone;
dimethyl ketal;
-ketopropane

Skin barrier disruption,
disruption, dries and
irritates the skin. also
narcosis effect, skin
inflammation

with suppressed NGF
expression correlating
with a reduction in
intraepidermal nerve
density

High Flow Water
Decontamination

White Vinegar •Potassium Hydrate
•Aldehyde
•4-5% Acetic Acid
•Alcohol etc.

superficial skin burn Potent acid causing
coagulative necrosis

High Flow Water
Decontamination

Airbag Gas •Various hydrocarbons
(nitrogen, carbon
monoxide, carbon
dioxide, ammonia

•Sodium hydroxide

Alkaline, Corrossive
Lipid Barier
Disruption

Potent acids and alkalis as
previous

Very Large Rotary Water

Liquid Oxygen •Oxygen Localized Cold _lnjury And
Cellular Destruction-

Severe Skin _lrritation,
And Frostbite

_lschemia and necrosis as a
result of hyptermia,
Cryogenic Characteristic,

Comes _ln Contact With

Skin _lt Causes Numbness,

Contaminated Skin Must Be
Promptly Washed Using
Soap Or Mild Detergent
And Water.

FIGURE 1 Burns on the foot because of a tear in the sole of the
shoe. Burn and blisters on the foot the morning after the injury (cement
image)

FIGURE 2 Burn to the foot after the adhesive agent was spilt on
the socks of a child
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Expigment cream (2% hydroquinone density) is 20 mg in
1 g; the 4% of Expigment cream is 40 mg in 1 g. If the
medication touches your mouth, nose, and eye, it should
be washed with plenty of water. During treatment, it is
necessary not to use the drug with hard soaps, hard sham-
poos, hair dye, hair removal, and alcoholic skin products
that may cause skin irritation. Side effects, such as mild
burning, stinging, and redness, may be seen.
Hydroquinone-induced occlusion and colloid milia devel-
opment have been reported for skin whitening.16 No
hydroionone burns were reported in the literature
(Figure 3).

2.4 | Sink opener (sodium hydroxide) (lye and
alkaline drain cleaners)

Alkali or dry sodium hydroxide is a strong alkaline com-
pound, and when combined with water, causes a strong
exothermic reaction. Aqueous solutions are generally
marketed as sewage (channel) drainage and as oven
cleaners in the kitchen. Alkali substances penetrate deeply
into the tissue and cause progressive damage until it is
removed or diluted. They can cause full-thickness skin loss
and saponification of subcutaneous lipids.17 A large
amount of water was required to return the skin to a neu-
tral pH.18,19 Mafenide acetate dressing has been rec-
ommended because of the antibacterial properties and inert
by-products inside20 (Figure 4).

2.5 | Sink opener (hydrofloric acid)

Hydrofluoric acid is present in various products such as rust
suppressors with concentrations differing between 6% and
12%. It can also be stored as hydrofluoride (HF) and is used
in industrial glass and microchip engraving with concentra-
tions exceeding 70%. Hydrofluoric acid is particularly dan-
gerous because of its double action mechanism. In addition
to the acidic corrosive effect, fluoride ions penetrate deeply
into the tissues and react with calcium and magnesium to
cause multiple local and systemic effects. HF activity is pro-
portional to the size of the damage caused. This is because
of the shifts of potassium in intracellular compartment,
which leads to ongoing nerve depolarization.21 Other local
effects include slow healing wounds and osteolysis. Sys-
temic hypocalcemia and resulting hyperkalemia may cause
myocardial arrhythmia. Hypocalcemia may develop even
with 1% total body surface area exposure in concentrated
HF22 (Figure 5).

2.6 | Hot tar (bitumen)

The most preferred coating material in the construction of
the superstructures of the roads is hot asphalt. It is preferred

FIGURE 3 A first-degree burn on the
face because the cream was left on the face
overnight in an effort to obtain more
effective treatment

FIGURE 4 Hand burns after contact with domestic drain cleaner
FIGURE 5 A burn-out of the acidic contents of domestic drain
cleaner
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that the hot asphalt properties are more suitable to the super-
structures of the roads than other coating materials. It is hot
long lasting flooring material. Its application is more practi-
cal than other coating materials. It is produced with a mix-
ture of grega (broken or unbroken materials in various sizes
with artificial or both types of dense mineral materials) dried
at a temperature of 145�C-160�C and heated with a heated
aggregate viscous liquidised bitumen (tar) by heating to
about the same temperature (tar), a mixture of high boiling
hydrocarbons, asphalt paving, a solid maroon-coloured mix-
ture used in waterproofing roofs and papers, and so on). As
a result of foot contact in the road workers often creates a
second degree burn (Figure 6).

2.7 | Acetone (Nail Polish Remover)

Acetone is naturally found in plants and animals, such as
poultry and fish.23 It is the only methyl ketone detected in
animal tissues. Acetone is used as a solvent for resins, lac-
quers, oils, oils, waxes, rubber cements, plastics, cotton,

cellulose acetate, and acetylene. It is used in the production
of flax, acetic anhydride, methyl methacrylate, diacetone
alcohol, methyl isobutyl ketone, isophorone, chloroform,

FIGURE 6 A burn on the foot of a
patient and the substance that caused it

FIGURE 7 Burns on a child exposed to acetone (nail polish
remover) at home and pure acetone used to remove paint and nail
polish

FIGURE 8 A vinegar burn case caused by pure white vinegar

FIGURE 9 A long-term burn-out from an airbag which exploded
after a traffic accident and a representative airbag image
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iodoform, and vitamin C. It is also used in paint and varnish
industries; in rubber, plastic, dyeing, celluloid, photographic,
and explosive industries; and in the production of artificial
silk and leather. It can be found in products such as acetone,
solvents, cooking fuels, corn remover, drawing ink, fuel sys-
tem protector, glue, nail polish remover, paint brush cleaners,
paint and varnish removers, tile, film, and fishing rods.

It causes narcotic effect after inhaler poisoning, and
skin contact causes skin inflamation. Factory workers are
often exposed to acetone, which is used as a cleaning
agent.24 Acetone is largely responsible for the remarkable
potential reinforcing effect of isopropanol, which may be
important when considering occupational exposure, where

exposure to a variety of chemicals may alter the toxic
effects of any one. Acetone burns which are detected by
electron microscope cause skin damages with middle layer
disorganisation, vacuolization and organelle changes, mild
cutaneous edema and hyperemia, and cell damage at the
stratum corneum and stratum.25 Acetone and toluene,
which are used to remove the nail polish from the nail, are
listed as harmful substances. These substances provide the
colours of nail polishes remaining in liquid form, but when
evaporating rapidly causes large amount of airborne toxins
(Figure 7).

2.8 | White vinegar

The white vinegar contains the amino acid, potassium
hydrate, aldehyde, propionic acid, 4%-5% acetic acid, 1%
alcohol, pectin, and fruit flavouring according to the fruit
content produced. It is a sour fruit juice used as a sweet-
ener in salads or as a protector like brine. It can cause
severe burns and deaths because of the alcohol it contains
and especially in children that the skin of them is thin.26

The content of 4%-5% acetic acid in white vinegar causes
skin and esophageal burns in newborn infants and children
(Figure 8).

FIGURE 10 A case of refrigerator gas exacerbation

FIGURE 12 A case of acid burn
caused by IL-33 solution spilt on a child at
home and the drug that caused it

FIGURE 11 Industrial liquid leakage
burns
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2.9 | Airbag gas

Burns of airbag gas may occur in the form of chemical and
thermal burns because of contact with chemical substance or
friction burns because of exposure to exhaled chemicals after
the airbag inflates or deflates.24 Air pads usually cause burns
in the upper and lower extremities, as they drain the gas
from the side and bottompart of the car.25 The contents of
the airbag gas are sodium hydroxide. When deflating airbag
gases, such as the nitrogen, carbon monoxide, carbon diox-
ide, ammoniac, various hydrocarbons, and alkaline aerosols
are released from the airbags. Burns are caused by alkaline
corrosives, especially sodium hydroxide.26 Sodium hydrox-
ide is a highly corrosive substance and its solid state releases
heat when it comes into contact with water. The affected
skin and eye are irrigated with plenty of water to remove the
agent for the treatment of sodium hydroxide burns.27 The
exposed sodium hydroxide also has ocular effects. Alkaline
chemical keratitis has been reported because of airbag inju-
ries (Figure 9).

2.10 | Refrigerator or air conditioner
refrigerant gas and liquid oxygen

The refrigerator or air conditioner refrigerant gas contains
chlorofluorocarbons (CFCs). CFC is used in production of
air conditioners and refrigerators sectors. The first refrigera-
tors used the ammoniac and sülfür dioxide in early periods
of refrigerator production. The CFCs were introduced to the
market in the 1980s but their use with the Montreal Protocol
was prohibited because of the harmful effects on the ozone
layer. One of the refrigerant gas, R-22 gas, is prohibited for
serious damage to the ozone layer. This gas, which is
prohibited in many countries of the world, is still being used
in some countries for cheap air conditioning systems. R12
was one of the most widely used refrigerant gases up to date.
As a result of the research, it has negative effects on the
ozone layer and it is prohibited because of its toxic, explo-
sive, and non-flammable effects. R11 is a refrigerant gas
with low pressure. The production of this gas was also termi-
nated because of damage to the ozone layer. It was fireproof
and odourless. R123 is used in centrifugal cooling systems.
The pressure contact to the extremity regions for any reason
during the repair of these gases causes 1� or 2� burns in the
frostbite style28 (Figures 10 and 11).

2.11 | _lL-33 10 cc solution (produced by
istanbul pharmaceutical industry and trade)

_lL-33 contains 0.2 g dichloroacetic acid, 0.8 g mono-
chloroacetic acid, 9.0 g trichloroacetic acid, and 10.0 mL
deionised water. It is used to treat warts (verrus). It causes
shrinkage in the wart mass with cauterising effect and also

shows antiviral activity against the causative human papil-
loma. The drug is in the form of a burner acid and is used
locally only as indicated externally. A local irritant effect
can be seen when it comes into contact with normal skin
around the warts. Irritation can only be controlled by apply-
ing a short period of time to the area of application location.
If the skin contacts widely, it causes acid burns (Figure 12).

The analysis of rare chemical burns seen in our clinic is
summarised in Table 2.

3 | CONCLUSION

As a result, although chemical burns vary according to their
types, they generally cause deep burns. Although they
appear to affect superficially initially, they may cause a
larger scar and bad appearance in their final form. In the
early period, the removal of the substance and neutralisation
with water is the most important step in the treatment. In
addition, the metabolic and systemic effects that may
develop with absorption should be considered. There are
problems of successful treatment of such burns, such as lack
of first aid support until hospital admission, deficiencies in
patient follow-up, and lack of multidisciplinary approach. In
our study, we tried to emphasise the importance and treat-
ment of the first intervention which we need to do in these
cases, in spite of the common chemical burns and in rare
cases, we may encounter some types of chemical burns. In
such rare burns, it is of great importance to know the nature
of the chemical and its systemic and local effects.
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