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INTRODUCTION

This booklet forms part of a series on the protection of workers’ health. The
aim of these booklets is to highlight to employers and workers the potential
dangers of harmful substances used in industrial processes and to offer
advice on measures which can be adopted to minimize such dangers.

It is the responsibility of the manager of an industrial undertaking to
ensure that the working environment does not constitute a danger to the
health of his employees. To achieve this, he must not only apply all
recognized physical safeguards but must be satisfied that his employees are
aware of the danger of adverse environmental conditions and that they
strictly adhere to the safety principles at all times.

This booklet and others in the series are available free of charge on
application to the Occupational Heaith Division of the Labour Department.

Advice on matters of industrial health and ways and means of reducing
industrial health hazards is available from the Occupational Health Division
at all times.

Labour Bepartment
Hong Kong
December 1986
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CYANIDE HAZARDS IN INDUSTRY—
POISONING PREVENTION AND TREATMENT

Introduction
1. Cyanide poisoning arises from a chemical inhibition of the body cells to
utilize oxygen which may result in severe asphyxia and rapid death. From the
toxicological point of view the substances involved in industry may be
divided into three main categories:—

(1) Hydrogen cyanide, cyanogen and simple salts of hydrogen cyanide
such as sodium, potassium and copper cyanide;

{(2) Halogenated compounds of cyanogen (chloride or bromide),

{3) Nitriles e.g. acrylonitrile and acetonitrile.

HYDROGEN CYANIDE: HCN

Properties

2. Hydrogen Cyanide is a colourless, volatile liquid with a characteristic
odour of bitter aimonds. (The glucoside amygdalin which occur in nature in
some plants notably almonds readily yields HCN upon hydrolysis.) It has a
hoiling point of 26.7°C, is soluble in alcohol and ether acid miscible with
water. The gas form is often encountered in industry. The threshold limit
value (TLV) which is also the ceiling valug is 10 p.p.m. ar 10 mg/m?3 in air.

Source of exposure
3. Inindustry hydrogen cyanide may be encountered as follows:—

{1) In the extraction of gold and other metals;

{2) In the preparation of pigments;

{3) In the manufacture of acrylo nitrile and methacrylate resins;

{4) In the chemical industry as an intermediate compound;

{5) In the fumigation of ships and warehouses;

{6) Hydrogen cyanide may be generated in blast furnaces, gas works and

coke ovens.

4. A particular hazard in plating shops may result if cyanide solutions are
allowed to come into contact with acid since this causes the evolution of
HCN gas. This is most iikely to occur when effluent from plating baths is not
properly controlled.

Entry to body

5. HCN vapour is absorbed rapidly through the respiratory tract. The liquid
and possibly concenirated vapour may also be absorbed directly through
skin. Ingestion of liquid although unlikely could also cause poisoning.

Clinical effects

6. HCN and its simple salts are among the maost rapidly acting of all known
poisons. The main action of cyanide is inhibition of cytochrom oxidase,
thus stopping the utilisation of oxygen by cells. Since this enzyme is present

2



in practicably all cells and since cyanide is very rapidly diffusible to all parts
of the body, it is capable of bringing 10 a halt practicably all cellular
respiration.

7. A few inhalation of high concentration of hydrogen cyanide may be
followed by almost immediate collapse and cessation of respiration. At
much lower doses the earliest symptons may be headaches, weakness,
confusion, and occasionally nausea and vomiting. Irritation of the eyes and
throat and a sensation of chest constriction may be noticed. The respiratory
rate and depth will usually be increased at the beginning and later become
slow and gasping.

SODIUM AND POTASSIUM CYANIDE

Properties
8. These two salts of hydrogen cyanide are white crystalline solids readily
soluble in water. The TLV of cyanide dust is 5 mg/m3.

Sources of exposure
9. Scodium and potassium cyanide are used extensively in industry as
follows:—

{1) Heat treatment of metals;

{2) Electroplating;

{3) Extraction of gold and silver from their ores.
10. It should be noted that if effluent from any of these poisons, such as
from a plating shop, containing these salts in solution come into contact
with acid HCN gas will be generated.

Entry to body -
11. Entry to body is by ingestion, through the skin and by inhalation when
the salts are vaporised as in heat treatment in cyanide bath.

Clinical effects

12. As with hydrogen cyanide, cytochrome oxidase as inhibited widely
throughout the body causing the interruption of almost all celiular
respiration.

CYANOGEN CHLORIDE ANO CYANOGEN BROMIDE

Properties
13. Both cyanogen chloride and cyanogen bromide are colourless gases
with pungent odours. The TLV of cyanogen chloride is 0.3 p.o.m. or
0.6 mg/m3,

Source of exposure
14. Both gases are used in organic synthesis.
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Entry to body
16. Entry to body is by inhalation.

Clinical effects

16. Both cyanogens have the same general toxicity as hydrogen cyanide,
but they are also intensely irritating to the respiratory tract at low concentra-
tion. They cause a violent respiratory reaction with haemorrhagic exudation
in the trachea and bronchi and pumonary oedema. Because of the irritant
effect it is unlikely that anyone would remain voluntarily in a high enough
concentration of either of these gases to cause the typical cyanide effect.

ACRYLONITRILE (VINYL CYANIDE)

Properties
17. Acrylonitrile (CH,=CN) is a clear colouriess volatile Hguid with a
boiling point of 77°C. The TLV is 2 p.p.m. or 4.5 mg/m3.

Source of exposure

18. Recause of the unsaturated character of the molecule itis well suited
for polymerisation reactions and is used extensively in the manufacture of
plastics and synthetic rubber and other organic synthesis.

Entry to body
18. By inhalation of the vapour. Absorption can also take place by mouth
and through the skin.

Clinical affects

70 The inhalation of acrylonitrite vapour has the same effect as the
inhalation of hydrogen cyanide but it acts more slowly. In low concentration
the effects are headache, weakness, nausea and vomiting. Heavier con-
centration will result in unconsciousness and death. Splashes of the liquid
may cause severe eye and skin irritation.

HEALTH HAZARD OF CYANIDE EXPOSURE

Acute poisoning
21. The great hazard of exposure to cyanide and body entry by inhalation
(most common), ingestion or percutaneous routes is acute poisoning which
can produce death very rapidly. Suggestive signs and symptoms are:—

(1) Headache and weakness;

(2) lrritation of eys and throat;

{3) Sensation of chest constriction;

{4) Pallor and deep breathing;

(5) Rapid loss of consciousness;

{6) Paralysis and death.



92 When recovery takes place after a severe episode of acute poisoning
there may be permanent effects due to residual damage of parts of the
central hervous system.

Chronic poisoning

23. The picture of chronic poisoning which might arise from continuous
exposure to cyanides at levels below those which produce severe clinical
effects is not clear-cut. Muscle weakness of the arms and legs, headaches
and thyroid diseases have been suggested as associated ailments.

Irritant effects
24, Cyanides can cause an irritant and burn effect on skin and mucous
membranes.

PRECAUTION IN USE OF CYANIDES

General principles in prevanting worker exposure

25. HCN liquid and gas should be handied in closed systems or containers
in so far as is practicable. The equipment, containers and work process
should be designed to prevent the escape of HCN into the surroundings,
26. All necessary precautions should be taken to prevent cyanide salts
from coming into contact with liquid or airborne acids, including targe
concentrations of carbon dioxide, nitrate-nitrite mixture or peroxides. The
substances as solvents or solutions should be stored in sealed or tightly
closed containers.

27. Speciai attention should be paid to the ventilation arrangements in
workplace when cyanides are used to ensure that workers are not exposed
to toxic levels.

28. Persons who handle cyanides should be fully informed of the hazards
involved and necessary precaution in use and instrument on the recogni-
tion of poisoning and appropriate first aid measures including artificial
respiration.

29. Personal protective equipment and clothing when necessary to prevent
inhalation, or ingestion or skin contact with cyanides, shouid be available
and used and should inciude provision for accident and emergency.

30. Personal hygiene for cyanide workers should include attention to hand
cleantiness, no food or drink in cyanide area and avoidance of cyanide
contaminated clothing.

31. Emergency shower and eye wash atrangements should be available.
32. Cyanide poisoning treatment kits should be available.

CYANIDE POISONING TREATMENT KITS

First aid kit

33. Inhatation of amyl nitrite is a prescribed first aid measure and the first
aid kit should contain 24 ampules each containing 0.3 mi. of amyl nitrite.
Deterioration of the amyl nitrite and development of high pressures within

5
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the ampules is a possibility and to prevent the ampule should be stored at
below 15°C and sither the manufacturers recommended expiry date or a
shelf lite of one year should not be exceeded.

Treatment kit for use by doctors
34. A treatment kit for use by a medical practitioner should include the
following. —
(1)} Amyl nitrite ampules (0.3 ml.};
(2} Ampules of sterile sodium nitrite solution (10 ml. of a 3% solution in
each);
{3) Ampules of sterile sodium thiosulphate solution (50 ml. of a 25%
solution in each);
(4) Ampules containing 300 mgm dicobalt EDTA in 20 ml. glucose
solution (Kelocyanor);
{b) Sterile syringes {10 and 20 ml) and intravenous needles;
(6) Tourniquet;
(7} Gastric tube (rubber);
{8) Large syrinage for gastric tavage.

FIRST AID MEASURES
35. Cyanide poisoning can cause death very rapidly and speed in the
implementation of the following first aid measures is essential.—

{1} Remove the patient from cyanide contaminated area;

(2) Summon medical aid at ohce, '

{3) Remove ail contaminated clothing and wash cyanide off the skin with
copious quantities of water;

{4) Put and keep the patient lying down with blanket or other covering if
cold;

(5) A conscious patient is unlikely to require further treatment but should
be kept at rest until full recovery;

(6) If condition is worsening or the patient is semi-conscious or un-
conscious break an ampule of amyl nitrite in cloth and hold under the
patient’s nose. This may be repeated every 3 minutes, using up to 6
ampules;

(7) Administer axygen if available;

(B} If breathing stops start artificial respiration by the Holger-Nielson
method {note that mouth-to-mouth method should not be used);

{9) Ifthe patient has swallowed cyanide and is conscious induce vomiting
by having him drink a cupful of lukewarm salt or spapy water. If the
patient is unconscious do not give anything by mouth. In such case
gastric lavage is indicated if the first aider has the necessary skill.

Treatment by madical practitioner

Dicobalt edetate
36. Dicobalt edetate (Kelacyanor) is the accepted antidote for cyanide
poisoning, but itsef can produce harmful effects. The toxicity of dicobalt
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edetate is reciprocally neutralised by cyanide and the antidote should not be
given unless there is reasonable evidence that cyanide has been absorbed
e.g. a patient exposed to cyanide lapsing into unconsciousness.

37. If when all circumstances are considered the doctor accepts the
case as one of cyanide poisening, which has failed to respond to first
aid measures the recommended treatment is to inject slowly (over 3-4
minutes) by the intravenous route one ampule containing 300 mgm dicobalt
edetate in 20 ml. glucose solution {Kelocyanor).

38. If necessary the dose may be repeated to a maximum of 3
ampules, The edetate acts by diluting the cyanide ion and rendering it
non-toxic.

Nitrite/thiosulphate treatment

39. Prior to the development of dicobalt edetate the classical therapy for
the unconscious patient consisted of intravenous injections in succession
of—

{1) Sodium nitrite 0.3 gm dissolved in 10-15 c.c. sterile water and given
at a rate not exceeding 2.5-5 c.c. per minute and followed im-
mediately through the same needle by

{2) Sodium thiosulphate 25 gm in 50 c.c. sterile water injected at the
same slow rate.

40. The intravenous injection of nitrite is not itself devoid of risk and
moreover the antidotal action which depends on fixing circulating cyanide
jon is largely ineffective for tissue fixed cyanide. This form of therapy is
moreover contraindicated when a cerebral haemorrhage is a possible cause
of the loss of consciousness. If however the patient fails to respond to the
dicobalt edetate antidote, it may be desirable to try nitrite/thiosulphate
treatment.

If you are in any doubt whatever, please contact the Occupational Health

Division of the Labour Department at Harbour Building, 15th fleor, 38 Pier
Road, Central. (Tel. No.: 5-8524041)
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