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Cadmium is an extremely toxic metal which has no known necessary function in the 

body. Cadmium toxicity contributes to a large number of health conditions, including 

the major killer diseases such as heart disease, cancer and diabetes.

Cadmium displaces zinc in many metallo-enzymes and many of the symptoms of 

cadmium toxicity can be traced to a cadmium-induced zinc deficiency. Cadmium 

concentrates in the kidney, liver and various other organs and is considered more 

toxic than either lead or mercury. It is toxic at levels one tenth that of lead, mercury, 

aluminum, or nickel.

Cadmium toxicity is increasing in incidence today for several reasons. One of the 

primary reasons is a zinc deficiency in many commonly eaten foods. Zinc, which is 

protective against cadmium, is becoming increasingly deficient in the soil and 

consequently in foods. Food processing and eating of refined foods further reduces 

zinc intake.

Exposure to cadmium is also increasing due to its use as a coating for iron, steel and 

copper. It is also used in copper alloys, stabilizers in rubber and plastics, cigarette, 

papers, fungicides and in many other products. Often these industries then pollute 

water, air and food with this metal.
http://www.arltma.com/Articles/CadmiumToxDoc.htm
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Industries A ssociated  with C admium E xposures

Nickel-cadmium battery 

manufacturing

Zinc refining/Cadmium 

smelting and production

Cadmium-containing 

pigment production

Dry colour formulating

Cadmium-based stabilizer 

production

Metal plating with 

cadmium-containing 

materials

Production of cadmium 

alloys

Lead smelting and refining

Iron and steel production

Coal-fired electrical utilities 

and garbage incineration

Significant dust exposure generated at all stages in the manufacture of both 

industrial and household nickel-cadmium batteries, including plate-making, 

impregnation, plate preparation and assembly.

Cadmium is produced as a byproduct of zinc refining. A small amount of cadmium 

is also recovered from cadmium-bearing scrap and waste products. Significant 

exposures to cadmium fume and dusts as well as aerosols of cadmium sulphate are 

generated at several stages in cadmium production.

Cadmium pigments (mainly cadmium sulfide and cadmium selenosulfide) are 

produced as powders, pellets, pastes and liquids and are primarily used for the 

colouring of plastics. High inhalation exposures may occur in calcining, crushing 

and milling operations especially when the cadmium product is present in powder 

form. 

Cadmium pigments may be formulated into custom colour concentrates prior to 

use in plastics, ceramics and specialty coatings by dry colour formulators. 

Intermittent and highly variable exposures to cadmium occur in material 

handling, mixing of dry pigments with other materials (blending or 

compounding), grinding, or cleaning.

Cadmium stabilizers are used primarily in the production of poly-vinyl chloride 

and other plastics. High exposures occur in cadmium oxide charging, drying, 

crushing and blending operations.

Cadmium plating is done by means of electroplating or mechanical plating 

operations. During electroplating, plating operators and maintenance 

technicians are most likely to be exposed. 

Cadmium is used in some copper alloys to increase the mechanical strength and 

wear resistance of copper wire conductors. It is also used in the production of 

solders, and in alloys with zinc, lead, silver or tin. Workers may be exposed to 

cadmium fume during melting and casting operations.

Lead concentrates which are processed in lead smelting and refining operations 

contain cadmium contaminants, found naturally in the ores. Cadmium exposures 

occur in material handling, sinter plants, furnace areas, refining and casting, and 

maintenance operations.

Cadmium is present as a trace contaminant in the raw materials used for steel 

making. Exposures to cadmium may occur during furnace operations, welding, 

and maintenance work on pollution control equipment

The fly ash, cinders and flue gases produced by coal burning utilities and garbage 

incineration may contain problematic levels of cadmium. Exposures generally 

occur during malfunctions, inspection and maintenance of boilers, ovens and 

filters, and in the transport of ash and cinders. Problematic exposures to several 

other metals also occur in these situations.

Occupational  Exposure

Occupations in General Industry which may be Associated with Cadmium Exposure

Chemical mixers, Electroplaters, Furnace operators and moulders, Kiln or kettle operators, Heat 

treaters,Equipment cleaners, Metal machine operators, Painters, Mechanics, maintenance and industrial 

installation workers,Welders, brazers and solderers



http://www.canoshweb.org/sites/canoshweb.org/files/odp/html/cadmium.htm 

http://en.wikipedia.org/wiki/Cadmium

Ambient Air, Water and Soil

Food Products

Due to Cigarette Smoking

General environmental levels are much higher in industrial areas, particularly in 

the vicinity of cadmium-producing industries such as zinc smelters and cadmium-

copper alloy factories. 
Cadmium is found in water in areas where there are zinc-bearing mineral 
formations, and where water flows through galvanized pipes.

High cadmium concentrations may be found in kidneys and livers of adult animals 
and certain seafoods such as mussels, oysters and crabs. Intermediate levels may 
be found in grains.
The use of sewage sludge or phosphate fertilizers can increase cadmium content 
of soils and uptake of cadmium in food products.

Cadmium is found in small amounts in tobacco. Although the cadmium content of 
cigarettes is much lower than that of food, cadmium is absorbed much more 
effectively by the lung than the gut. For smokers who are not occupationally 
exposed to cadmium, smoking is usually the main source of exposure. 
Cadmium intake from smoking can substantially increase total cadmium exposure 
for occupationally exposed workers. Absorption of cadmium in tobacco smoke is 
mainly through the lung, although occupationally exposed smokers may also 
ingest some cadmium from contamination of hands and cigarettes.

NON-OCCUPATIONAL EXPOSURES 
Non-occupational exposures to cadmium may give rise to cadmium-related disease, but, other than smoking, 
usually contribute relatively little to the body burden of an occupationally-exposed person

Ceramists

Artists, Theatre and 
Television Crafts

Jewellery producers

Ceramists and ceramics teachers may be exposed to cadmium used as a colouring 
compound in glazes.

Cadmium and compounds are found in dry pigments, paints, pastels, pottery and 
enameling colorants, low melting silver solders, and metal alloys used in artwork 
and theatre crafts

Solders used by jewellery workers may contain cadmium

Other Occupational Exposures
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The average concentration of cadmium in the Earth's crust is between 0.1 and 0.5 parts per million (ppm). It was 

discovered in 1817 simultaneously by Stromeyer and Hermann, both in Germany, as an impurity in zinc carbonate.
Cadmium (Latin cadmia, Greek καδμεία meaning "calamine", a cadmium-bearing mixture of minerals, which was 
named after the Greek mythological character, Κάδμος Cadmus, the founder of Thebes) was discovered 
simultaneously in 1817 by Friedrich Stromeyer and Karl Samuel Leberecht Hermann, both in Germany, as an impurity 
in zinc carbonate. Stromeyer found the new element as an impurity in zinc carbonate (calamine), and, for 100 years, 
Germany remained the only important producer of the metal.

Fertilizers

Fossil Fuels

Natural Sources

Iron and Steel Production

Cement and Others

Nonferrous Metals Production

Cadmium Products

Waste Incineration

www.cadmium.org
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Handling  of cadmium  in  human  body

Figure legend text: Metabolism, storage and excretion of cadmium in human body. 

Godt et al. Journal of Occupational Medicine and Toxicology 2006 1:22  doi:10.1186/1745-6673-1-22
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Biological testing methods for cadmium exposures

Markers of early renal effects from cadmium exposure

Tests used for measuring cadmium exposures: 
· cadmium in whole blood, 
· cadmium in urine, 
· Measurement of plasma proteins in urine. 

A. Cadmium in blood
Cadmium in whole blood has been used as a biological 
indicator of occupational exposure and is mainly a 
reflection of recent exposure 

The ACGIH suggests that monitoring in blood is preferred 
during the initial year of exposure and whenever changes in 
the degree of exposure are suspected. In workers not 
currently exposed, cadmium in blood decreases 
substantially.  When declining blood cadmium levels reach 
a steady state, they are considered to reflect body burden 
from previous exposures.

Normal values of cadmium in blood of non-smokers are 
generally less than 1 ug/l. Higher average values of 1.4 to 
4.2 ug/l are found in smokers, though individual blood 
cadmium levels in smokers may exceed these values.

B. Cadmium in urine
Cadmium concentration in urine is considered to be more 
reflective of body burden in currently-exposed workers 
than cadmium in blood, and is the most widely used 
biological measure of chronic exposure to cadmium. 
Cadmium in urine increases with age, cigarette smoking, 
and exposures in the general and occupational 
environments.

The normal concentration of cadmium in urine is from 0.1 
to 1 ug/g creatinine. Until recently, a measure of 10 ug 
Cd/g creatinine has been regarded as a threshold for 
kidney effects.

OSHA recently chose a level of 3 ug Cd/g creatinine as a 
trigger for enhancing medical surveillance of cadmium. If 
this level of cadmium in urine is accompanied by 
proteinuria, then OSHA requires medical removal of the 
affected worker. A level of 15 ug/g creatinine is cause for 
removal without proteinuria.
The ACGIH has recommended a new Biological Exposure 
Index (BEI) of 5 ug/g creatinine for cadmium in urine.

Increase of proteins in urine is a marker of damage to the 
kidneys which precedes or accompanies most health 
effects associated with cadmium exposure.  

One particular protein -- beta2-microglobulin (BMG) -- has 
been extensively used as an indicator of cadmium-related 
damage to the proximal tubules of the kidney. BMG 
excretion may be elevated due to other causes: anti-
cancer drugs, antibacterial antibiotics such as 
streptomycin, anti-inflammatory compounds, myeloma, 
flu and upper respiratory tract infections. These factors 
can be readily identified, and need not confound the 
diagnosis of cadmium-related proteinuria.

Levels of BMG are considered elevated by most 
investigators at 300 ug/g creatinine, although levels as low 
as 200 or as high as 500 ug/g creatinine have been 
suggested as abnormal. 

OSHA mandates a removal level of 1500 ug BMG/g 
creatinine, if cadmium levels in blood or urine are 
elevated.
In recent years, a number of other markers for cadmium 
effects have been recommended. Several of these markers 
appear to be more sensitive to the early effects of cadmium 
on the kidney, and/or more stable than BMG in urine. 

The following markers have been assessed and shown to 
have significant association with cadmium exposure:

· retinol-binding protein (RBP) in urine;
· albumin in urine;
· N-acetyl-D-glucosaminidase (NAG) in urine; 
· metallothionein (MT) in urine;
· urinary transferrin; 
· most tubular antigens.

Conventional indicators of renal function such as total 
urinary protein, serum urea, and serum creatinine are 
considered insensitive indicators of early renal 
dysfunction, but may indicate the progression of cadmium-
related damage.

Direct measurement of cadmium concentration in liver 
and kidney

Neutron activation analysis is a new method which allows 
for the direct measurement of the cadmium burden in the 
liver and kidney.

For workers who have been out of exposure for some time 
or who have suffered kidney damage, this technique can 
provide a more accurate measure of body burden and may 
help in determining if non-specific diseases such as 
emphysema are cadmium-related..

http://www.occup-med.com/content/1/1/22/figure/F2

Effects  of  cadmium  on  several  organ  systems

Cadmium
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destruction of
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Proteinuria, kidney stones.

glomerular and tubular

damage

Skeletal System

Loss of bone density and

mineralisation

Itai-Itai disease

Reproductive System

Testicular necrosis,

estrogen-like effects,

affection of steroid-hormone

synthesis 



http://www.who.int/ipcs/features/cadmium.pdf 
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http://www.inchem.org/documents/pims/chemical/cadmium.
htm 

liver and kidney burdens increase until a 40 ppm 
concentration is reached in the liver, after which kidney 
levels decrease while liver burden continues to rise. One 
study measured a mean liver cadmium burden of 0.6 ppm 
in non-exposed controls.

X-ray fluorescence, another technique for in vivo 
measurement of cadmium body burden, has also been 
developed recently, but is not generally available at this 
time.

OSHA required medical monitoring includes
· medical and work history, 
· examination of respiratory and urinary system, 
· blood pressure measurement, 
· chest X-ray, 
· spirometry, and 
· prostate exam if over 40 years of age. 

Increased medical monitoring and exposure review is 
required if urine cadmium is greater then 3µg/gm 
creatinine, or whole blood cadmium if greater than 5µg/l 
or urine ß2 microglobulin is greater than 300µg/gm 
creatinine. Removal from exposure is required if the urine 
cadmium is greater than 15 µg/gm creatinine or whole 
blood cadmium is greater than 15 µg/l or urine ß2 
microglobulin than 1,500 µg/gm creatinine.
Source:(http://www.atsdr.cdc.gov/csem/csem.asp?csem=6&po
=16)

Treatment of the Acute High-dose Exposure

Treatment and Management of the Chronically Exposed

Preventive measures in the workplace include

Monitoring for Cadmium-Exposed Workers

The mainstay of management of most inhalation exposure 
victims is supportive treatment including
· fluid replacement, 
· supplemental oxygen, and 
· mechanical ventilation. 
In cases of ingestion, gastric decontamination by emesis or 
gastric lavage may be beneficial soon after exposure. 
Administration of activated charcoal has not been proven 
effective.

For chronic poisoning victims, the most important 
intervention is prevention of further exposure.

· improving ventilation by opening windows, 
· installing or running an exhaust fan or a mechanical 

ventilation system, and 
· wearing proper personal protective equipment such as 

respiratory protection, protective clothing, eye 
protection, and gloves. 

Important hygiene preventive measures include
· maintaining a clean work area free of dust, 
· showering and changing clothes immediately on 

completion of work ,
· disposing of the contaminated clothing at the work site, 
· not tracking dust from the work to the home, 
· not smoking, eating or drinking in the work area, 
· washing hands well before smoking, eating, or drinking 

after work or during breaks. 

In addition, patient and worker education is vital in 
encouraging preventive behavior and in assisting early 
detection of cadmium toxicity. Respiratory protection 
should be worn in occupational or hobby settings where 
airborne concentrations may exceed allowable limits. 
Smoking, eating, and drinking in the work area should be 
discouraged.

OSHA requires a program of medical examination and 
biological monitoring for workers exposed to cadmium for 
30 or more days a year at levels of 2.5 µg/m  in air or 
greater. The purpose of this program is to prevent cadmium 

3

induced disease. 

World Health Organization (WHO) cadmium guidelines 

Provisional tolerable monthly intake (PTMI) 
The Joint Food and Agriculture Organization of the 
United Nations (FAO)/WHO Expert Committee on Food 
Additives (JECFA) recently (in 2010) established a 
provisional tolerable monthly intake for cadmium of 25 

 μg/kg body weight.

Drinking-water 
3 μg/l 

Air 
3  5 ng/m  (annual average)

Workplace 
standards

Cadmium dust

Cadmium oxide 
fume

Cadmium oxide 
production

Permissible 
concentration 
in water

WHO

TWA OSHA

TWA NIOSH

TLV ACGIH

STEL ACGIH

IDLH

WHO

TWA OSHA

TWA NIOSH

TLV ACGIH

IDLH

MAC USSR

TLV ACGIH

US EPA, WHO

Germany

South African 
Bureau of 
Standards

Exposure limits

320 µg/m  40 hr/week for working 
life

3 3200 µg/m  over 8 hr, 600 µg/m  ceil

3 340 µg/m  over 10 hr, 200 µg/m  15 
min ceil

350 µg/m  (including salts, as 
cadmium).

3200 µg/m  (including salts, as 
cadmium).

340 µg/m

320 µg/m  40 hr/week for working life

3 3100 µg/m , 3 mg/m  ceil

3 340 µg/m  over 10 hr, 200 µg/m  15 
min ceil

350 µg/m  ceil

340 µg/m

3100 µg/m

350 µg/m

10 µg/l

6  µg/l

50 µg/l



Options for substitution of cadmium with initial indication of level of expenses relative to Cd-technology 
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Alternatives  

Zinc, aluminium, tin, nickel, silver, gold plating etc. depending on application.

Ag-Cd alloys are used for solders and jewellery. In .Indian silver. have been observed up to 30% 
cadmium/Drivsholm et al 2000/. Many alternative solders exist inclusive e.g. Sn-Ag solders. Alloys 
for jewellery may be substituted by pure silver.

Alternatives depend on application: Cu- Cd alloys may be replaced by pure copper Zn-Cd alloys for 
anti-corrosion anodes may be replaced by aluminium anodes Pb-Cd alloys for cable sheaths may be 
replaced by using other types of cable sheaths like PE/XLPE-sheaths, aluminium sheaths or normal 
lead sheaths.

Nickel-metal hydride, lithium-ion-polymer etc.

Depends on application. For indoor purposes substitutes have generally been calcium/zinc 
compounds. For outdoor purposes and other demanding applications like electrical cables/wires 
the alternatives have so far been stabilisers based on lead or organic tin compounds, but 
research/development based on calcium/ zinc compounds is ongoing (reference is made to table 
5.1 regarding PVC stabilisers for lead).

Many alternatives are available on the market. Ultimately, the choice is a matter of costs versus 
colour and other characteristics preferred like weather resistance, torsion stability and brilliance.

Cadmium is used in modern thin film cells based on CdTl, but not in traditional crystalline cells.

Application  

Plating

Silver-cadmium 
alloys

Copper-cadmium 
alloys, solders  and 
other  alloys

Ni-Cd batteries

PVC stabilisers

Pigments

Photovoltaic cells

adapted from: http://www.who.int/ifcs/documents/forums/forum5/nmr_cadmium.pdf 
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