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Objective

= Toxic substance
= Metals
= Organic solvents
= Pesticides
= Other chemicals
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Metals

= | ead

= Mercury
= Cadmium
= Nickel

= Arsenic
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Toxicity of Metals

= Acute toxicity
= Usually, organs affected are those involved in
absorption and elimination of the metal
= Chronic toxicity
= long & repeated exposure to small dose

= Organ systems not involved in absorption or
elimination (e.g. haemopoietic, iImmune) may
be affected
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Organ involved

Metal Renal Neuro | Liver GIT Resp | Hemato | Bone Repro Skin CVS
Arsenic X X X X X X X X
Cadmium X X X X X X
Lead X X X X X X
Mercury X X X X X
Nickel X X X
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= Your as a GP while attending to a child, his
mother complain that he iIs slow in school,
on questioning you found out that his father
works In a nearby Factory producing car
batteries.

= \What should you do?
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Lead Exposure Linked to Antisocial
Behavior

« CINCINNATI, Ohio, March 1, 2002 (ENS) —

= EXxposure to lead in childhood could lead to antisocial
or even criminal behavior in adults, a new study
suggests.

= The first comprehensive lead study to track children
over a period of time found that both prenatal and
postnatal exposure to lead were associated with
antisocial behavior in children and adolescents.
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L ead

= 1-11% In ores

= The richest ore Is galena (lead sulphide)
= No useful biological function in human

= Types:

= Non-organic

— PDbO, PbO,, Pb;0O,, PbCO, PbAs,
= Qrganic

— Tetraethyl lead

— Tetramethyl lead
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Inorganic Lead

= Occupational Exposure:
= Batteries
= PVC plastics (lead as stabiliser)
= Paints and Printing (lead as pigment)

= Glass manufacture, Pottery enamelling and
glazing
= Lead alloys (pipe & cable sheath)
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= Non-occupational:

= Pica

= Parental clothing

= Paints
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Health Effect

= Neurology — most sensitive target organ

= Children:
-1 1Q,
= congitive deficit,
= J motor skills

= Adults:

= Neurobehavioural changes
= Motor and Sensory Neuropathy
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Health Effect

= Endocrine
= JVitD

= Reproductive and developmental

= Readily cross placenta
= Abortions, stillbirths, LBW, Premature
= Males: | sperm count, 4 sperm motility

= Renal
= Nephropathy
= Carcinogen - IARC 2B (possible)
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Organic Lead

= Occupational Exposure

= Anti-knock agents in gasoline
= TEL (tetra-ethyl lead)
= TML (tetra-methyl-lead)

= Manufacture of lead additives or blending of
such additives with petrol.

= Toxicokinetics

= Fat soluble, Volatile: Easily absorbed through
skin and inhalation

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 13
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Health Effect

= Acute exposure
= CNS effects only — Convulsions, delirium, coma, death
(depression of vital brain centres)
= Chronic exposure

= Disturbances of thought, hallucinations, loss of
memory, insomnia, deterioration of personality

**Anaemia and Peripheral Neuropathy does not occur

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 14
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Arsenic

= Arsenic found widely in nature

= Most abundantly in sulphide ores

=  Groups:

= Inorganic arsenic (trivalent & pentavalent)

= Trivalent important: As,O,, As,Cl;

= Pentavelant: As,O,: wood preservative, herbicide
= Qrganic arsenic

= Arsine gas AsH,

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 15
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Source

= Natural exposure: fish, shellfish, seaweed

= Occupational exposure: (broad spectrum):

= [norganic
= Smelters, Ceramics industry, Wood preservative
= Insecticides, herbicide
= Textile industry (as drying agent)
= Manufacture of coloured glass, semiconductor
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Source (cont..)

= Organic
= Herbicide, additive in animal feeds
= Arsine gas

= Semiconductor manufacture (Dopant)

= Metal refining (de novo production when arsenic reacts with
acid)
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Health Effect

= Acute

= Abdominal Pain, Diarrhoea, Seizures, shock,
coma

= Chronic

= VVascular disorders
= Raynaud’s phenomenon
= Peripheral gangrene
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Health Effect (cont ..)

= Dermatological disorders
= Nonmalignant - Follicular & eczematous dermatitis (local
irritation)
= Malighant

Peripheral neuropathy — motor & sensory, LL > UL
Carcinogenic effects — Lung Ca, Angiosarcoma, Skin

Teratogenic effects: Fetotoxicity, congenital
malformation
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Health Effect

= Arsine gas - AsH,
= Hemolysis
= Classic triad: abdominal pain, heamaturia, jaundice
= Secondary: Multiple organ failure
= ARF

= Liver failure
= Cerebral Oedema, delirium, coma, death
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= You are the Medical and Health Officer of a
Klinik Kesihatan in Pahang, there were two
2"d trimester abortion occurring in a village
In your area and there were also rumuors
that they have discovered gold in the river.
= \What should you do?

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 21
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Mecury (HQ)

= Elemental

= Silvery white, heavy, liquid at room temp.
= |norganic:

= Found in nature as HgS

= Organic Mercury:
= Minamata Disease

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 22
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Source

= |norganic:
= Smelting; treatment of gold and silver ores;
= Manufacture of amalgams, (dental, jewellery)
= Electric bulbs, batteries, x-ray tubes

= Organic :
= Seed dressings, Pesticides, Timber preservatives
= Antiseptic, germicides, diuretics
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Health Effect

= |[norganic

= Acute :
= RS: Chemical Pneumonitis
= GIT: Stomatitis, Diarrhoea
= Renal: Acute nephritis — Renal failure
= CNS:

= Tremors, Erethism, Sensory Peripheral Neuropathy
= Mecurialentis, Neurobehavioural
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Health Effect

= |[norganic

= Chronic : Mainly affect nervous system

= CNS as above
= GIT:

= salivation, gingivitis, dental erosions, blue line on gums
= Renal: Proteinuria, nephrotic syndrome
» Reproductive: ¥ Spermatogenesis, T Abortions
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Health Effect

= Organic:
= Acute:

= |rritant: Skin dermatitis, Perforation of nasal septum, Chemical
burns and ulceration

= Severe Vascular dermatitis

= Chronic (Minamata Disease) (mainly CNS):
Headache, Fatigue, Poor memory, poor concentration

Paresthesias, Tremors, Ataxia, Dysarthria, Visual disturbances,
hearing disturbances

Deterioration of personality and intellect
Exposure in utero: Cerebral Palsy
Death
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Cadmium

= Rare mineral
= Found in zinc, lead, copper ores
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Source

= Electroplating and welding
= Most common exposure
= Electroplating: Corrosion resistance

= Welding: Cd coats welding electrodes and
solders, Welding on materials coated with Cd

= Smelting and refining of zinc, lead, copper.

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 28
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Source (cont ..)
= NICd batteries, Paints, PVC, Fluorescent
lamps, Semiconductors.

= Cadmium alloy: High speed bearings,
solder, jewellery.

= Phosphate and fertilizer

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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Health Effects

= Acute

» RS: Chemical Pneumonitis, irritation, metallic
taste,

= GIT (ingestion): abdominal colic , diarrhea,
= Acute Renal Failure
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= Chronic

Renal :
= proximal tubule damage — Proteinuria, Nephrotoxicity
= |tai-itai disease:
= Kidney damage — Calcium homeostasis disturbance
= proteinuria, renal osteodystrophy, osteomalacia, bone pain

Emphysema
Lung Ca (IARC 1)
Liver dysfunction, anemia, osteoporosis
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Nickel

Ni, Grey-white silvery metal

= Refined by Mond process:
= Treated with CO to form nickel carbonyl Ni(CO)4

o Wldely used as:
Stainless Steel (Ni-Cr-Fe alloy)

= Ni-Cu alloys: coinage, food processing machinery & dairy
equipment

= Ni-Al alloys: used for magnets and catalyst production

= Ni-Cr alloys :used for heating elements; gas turbines and jet
engines
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Source

= Mining, Roasting, Sintering, Refining of ore

= In Mond process, workers are also exposed to
the highly toxic nickel carbonyl gas

= Production of Stainless Steel and Nickel
Alloys
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= Welding of Stainless Steel and Nickel
Alloys

= NICd batteries, Computer components

= Electroplating
= Corrosion resistant
= Decorative finish

= Non-occupational: contaminant in cigarette
smoke.
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Health Effect

= Acute
= Skin: Allergic Contact Dermatitis

= RS: Rhinitis, sinusitis, anosmia, perforation of
nasal septum, pneumonitis

= Chronic
= Nasal and Lung Ca (IARC Class 1)
= ? Ca of Larynx

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 35
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Organic Solvents

= Organic solvent is a general term for
organic chemicals characterized by their
ability to dissolve olls, fats, resins, rubber,
and plastics.
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Organic Solvents

Aliphatic HCs n-Hexane, Chloroform

Aromatic HCs Benzene, Toluene, Xylene, Styrene

Halogenated HCs Dichloromethane, Trichloroethylene

Esters Ethyl acetate

Ethers Ethyl ether, Tetrahydrofuran

Ketons Acetone, MEK, MIBK

Alcohols Methanol, Isopropanol

Glycol ethers 2-Ethoxyethanol, 2-Ethoxyethyl acetate

Miscellaneous Carbon disulfide, Dimethyl formamide

Petroleum distillates Petroleum benzine, White spirit
08/01/2008 MBBS-OH03 Occupational Toxicology Part-2 37
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Absorption

= Absorption amount

= Uptake through the lungs + Uptake through skin
= Majority exposure by inhalation
= Uptake through skin

= Contact with solvent liquid

= Contact with solvent vapor
= Staining at skin

= Transferring to the blood stream
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= Acute poisoning

Skin disorder
Allergy

Chronic poisoning

Carcinogenicity

08/01/2008
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Systems Health disorder Ex. of causative agents

Central N Uncqnsuogsness, Mental disorder, CS,, Toluene, Trichloroethylene, Dichloromethane,
Ataxia, Brain atrophy
Smell disturbance Toluene

_ Visual disturbance Methanol, Toluene, Methyl acetate

Cranial N.
Trigeminal nerve palsy Trichloroethylene,
Hearing loss Trichloroethylene, Styrene

Peripheral N Polyneuropathy CS,, n-Hexane, Styrene 1-Bromopropane, TCE, MBK

Autonomic N

Dienchephalosis Toluene
Blood Anemia, Aplastic anemia Benzene
Liver Functional disorder CCl,, TCE
Kidney Functional disorder ccl, Cs,
Intestinal Pneumatosis cyctoides intestinalis TCE

Reproductive

Sterility, Menstrual disorder

2-Bromopropane, Cellosolve, Toluene

Immune

Scleroderma

TCE




A R O
Substance IARC Human/Animal Effect
Benzene 1 Leukemia
Styrene 2B Liver, Lung, Mammary gland
Trichloroethylene 2A Liver, Lymphoma
Tetrachloroethylene 2A Esophagus, Lymphoma, Liver, Leukemia
Chloroform 2B Liver, Kidney, Thyroid
Carbon tetrachloride 2B Liver, Mammary gland
Dichloromethane 2B Liver, Lung, Mammary gland
1,2-Dichloroethane 2B Lung, Liver, Lymphoma
Mfg. Process using acid 1 Paranasal sinus, Larynx
1,4-Dioxane 2B Liver, Gallbladder, Nasal cavity
N,N’-Dimethyl formamide 2B Testicle, Larynx, Oral cavity
Gasoline 2B Liver, Kidney
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JARC Classification

= Group 1 : Carcinogenic to humans

= Sufficient human evidence of carcinogenicity

= Asbestos, 4-aminobiphenyls, Arsenic, Benzene, Chromium VI, Nickel, Radon, VCM,
Aluminium, Cadmium

Group 2A : Probable Carcinogenic to humans

= Limited human evidence, sufficient animal evidence
* Dbenzidine dyes, beryllium, ethylene oxide, styrene oxide

Group 2B : Possible Carcinogenic

= Limited human and limited animal evidence / inadequate human and sufficient
animal evidence

Group 3 : Not Classified

= |nsufficient enough evidence

Group 4 : Probable Not Carcinogenic to humans
= Several adequate human studies show no evidence of carcinogenicity.

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 42
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Pesticides

= Pesticides are biologically active chemicals
designed to control pests. They are used to
protect the supply of food and its
wholesomeness, to safeguard the public's
health and to protect buildings and other
structures from harmful pests

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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= Pesticides are chemicals use for destroying
or prevent the spread of

= |nsect,

= Noxious plants,

= Fung,

= Microbes — viral and bacterial, and
= Rodent

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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» |nsecticide

= QOrganophosphate, organochlorine, carbamate, piretrin, piretroid, nicotine,
rotenon, microbiologic agent (Bacillus thurlglenS|s)

= Herbicide

= Trichloro/ dichlorofenoksiherbisid, urea derivatives, carbamate,
triazine,gliphosate

= Fungicide

= Carbamate, organophosphate, captan, captofol, pentachlorophenal,
iprodion, sulphur elements

= Antimicrobial
= Triazin-S-trion, chlorine releasing agent, chlorine, dichloronitrobenzene

= Rodenticide
= Caumadine & derivatives, anticoagulant, strychinine, fluroacetate

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 45
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Insecticides

= Organophosphate

= Carbamate

= Organochlorine

= Pyrethrin & Pyrethroids

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 46
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Organophosphate

= Acute :

= NMJ (nicotinic) - twitching, weakness, paralysis; diaphragm &
chest muscle

= ANS (muscarinic) - respiratory secretion & spasm, miosis

= CNS - tremor, confusion, slurred speech, disequilibrium,
convulsions

= Chronic :

= Neuropathy: - axonal damage of central and periph nerves, Motor
> sensory. Distal > proximal, damage spinal cord, constrict
peripheral visual fields

= Myopathy
= Psychiatric disturbances : acute psychosis, severe depression,

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 47
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Carbamate

= E.g9. Propoxur (Baygon)

= Carbamylation inactivates AchE but for
shorter periods

= Bioactivation not required
= Symptoms similar to organophosphate

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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Organochlorine

= E.9: DDT (dichloro,diphenyl,trichloroethane)
= Use: Vector control, Lice

= Properties:

= Less acutely toxic than OP & Carbamate
= Stable in environment, bioaccumulate
= Highly lipid soluble, accumulate in fatty tissue

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 49
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Organochlorine

» Health effects:

= CNS depressant or stimulant
= Acute: irritable,dizzy,tremor,convulsion,headache
= Chronic: tremor, loss of memory,personality

= Others:
= Oestrogenic effect,
= carcinogen,
= teratogen

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 50
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Pyrethrin & Pyrethroids

= Extract of Chrysanthemum

= Use: household pest control, mosquito, lice,
cockroach, fly control

= Eg:Lambda-cyhalotrin & permethrin

= Toxic effect: Allergic dermatitis, rhinits,
asthma

= OP and Carbamate sometimes added to
ensure insect killed

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 51
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Other chemicals

= Chemicals found in Healthcare Facilities
* Formaldehyde
= Ethylene Oxide
= Glutaraldehyde
= Cytotoxic Drugs Reconstitution

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 52
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Formaldehyde

s Uses

= Fixative and is commonly found in most
laboratories,

= Morgue and
» Dissection Laboratories

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 53
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Health Effects

= Acute:

= Eye and respiratory irritation can result from
exposure to the liquid and vapor forms.

= Severe abdominal pains, nausea, vomiting and
possible loss of consciousness could occur, If
Ingested in large amounts.

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 54
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= Chronic:

High concentration of vapor inhaled for long
periods can cause laryngitis, bronchitis or
oronchial pneumonia.

Prolonged exposure may cause conjunctivitis.
Nasal tumors have been reported in animals.
Formaldehyde is a suspected carcinogen.

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 55
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Ethylene Oxide

= Uses
= CSSD - Central Sterilization and Supply
Department

= Sterilization of surgical equipments and instruments

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 56
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Health Effects
= Acute

Irritates the eyes, the skin and the respiratory tract.

Inhalation of very high concentrations may cause lung
oedema.

Water solutions may cause skin burns.
Rapid evaporation of the liquid may cause frostbite.

May cause effects on the eyes , resulting in delayed
development of cataract.

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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= Chronic

= Repeated or prolonged contact with skin may
cause dermatitis in water solutions.

Repeated or prolonged contact may cause skin
sensitization.

May have effects on the nervous system.
Carcinogenic to humans.

May cause heritable genetic damage In
humans

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2
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Glutaraldehyde

s Uses

= Sterilization of instruments in the OT or
procedures rooms
= laparoscopes,
m enteroscopes

08/01/2008 MBBS-OHO03 Occupational Toxicology Part-2 59
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Health Effects

= Acute
= [rritates the eyes, the skin and the respiratory tract.

= Chronic
= Repeated or prolonged contact with skin may cause

dermatitis.

= Repeated or prolonged contact may cause skin
sensitization.

= Repeated or prolonged inhalation exposure may cause
asthma
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