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Cadmium

Cadmium world production
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reasonable, resistant to corrosion Year
Density Cd: 8.65 g/cm? bulk pricing cadmium:
Density Al: 3.70 g/cm?3 < $0.30/pound
Melting Point: 321 °C bulk pricing tin:
Boiling Point: 767 °C ~$9.00/pound

Image from: www.periodictable.com Production data: US Geological Survey data 2007




Cadmium Distribution and Production

Cadmium makes up .
~0.1 ppm Elements never disappear,

of the Earth's crust they only get redistributed!

In comparison:
65 ppm zinc
50 ppm copper
50,000 ppm iron

No significant
cadmium deposits

Produced as byproduct
from processing
zinc, lead, and copper




Cadmium Uses
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“Since the 1960s, when alarms were first sounded about cadmium,

industry found alternatives for most products that reach the consumer.”
Emsley, J. Nature’s Building Blocks, Oxford University Press, 2001, p. 77.
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‘Elements of Life’
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Cadmium has no known useful role in higher organisms.

Hogan, C. M. Heavy Metal. in Encyclopedia of Earth. National Council for Science and the Environment.
E. Monosson and C. Cleveland (Eds.), Washington DC, 2010.




Cadmium is Toxic

In contrast to zinc, cadmium is not only not essential, it is decidedly roxic for organisms (max. allow
conc. 0.05mgm~’). The human body contains about 0.4mg Cd per kg (for smokers, the amout
about 0.8 mg). The daily intake with food is usually about 0.03 mg; the limit of toleration is ab
0.07mg. Oral intake of cadmium salts can cause vomiting, gastrointestinal upset, liver damage and cran
Inhalation of Cd vapors irritates the air passages and causes headaches. Chronic poisoning leads to
mia, yellow coloration of the necks of the teeth, anemia, pains in the vertebrae and., in advanced s

damage to the bone marrow, osteoporosis and severe skeletal changes. Fatal chronic cadmium poisor
is called “‘itai-itai” disease in Japan. '\

Wiberg, N.; Wiber, E.; Holleman, A.F. Inorganic Chemistry, English Translation of 101st Ed., Academic Press, 2001, p. 1295.

Among UN Environmental Program Top 10 Hazardous Pollutant




(Non-occupational) Exposure to Cadmium

Cigarette smoke (most important source in many populations)

Food (by way of phosphate fertilizers)

highest concentrations: crustaceans, molluscs, kidneys, mushrooms
higher consumption: grains, vegetables, starchy roots

Production of:

» Nonferrous metals (zinc, lead, copper, etcy) ‘\

» lIron/steel
» Cement

Municipal solid waste incineratic

Fossil fuel combustion
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The Period Table of Elements: Cadmium’s Neighbors

MAIN-GROUP MAIN-GROUP
ELEMENTS ELEMENTS
1A 8A
(1) (18) +*
1 2
1 =S 3A 4A 5A | BA 7A | He |
1.008 | (13) | (14) | (15) | (16) | (17) |4.003 |
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6.941 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18 |
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3| Na B NAL] Si | P S | Clg Ar
229 (12) 1981 28.09 | 30.97 | 32.07 | 35.45 | 39.95 |
3 19 82 s 34 | 35 | 36 }
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37 51 52 53 54
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6 Cs Ba Pt Pb Bi Po At Rn
132.9 | 137.3 | 138. 195.1 207.2 | 209.0 | (209) | (210) | (222)
87 88 89 1 —— T11 112 As of mid-1999, elements 110 throug 2 have not yet be
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6 Lanthanides| Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu |
140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 157.3 | 158.9 | 1625 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0 |
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232.0 | (231) | 238.0 | (237) | (242) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260) |




Toxicity of Cadmium — Cause and Effect

Cause
e Can displace zinc in enzymes, inactivating them (200+ zinc-

(18]

S (at least a risk factor)

dependent enzymes)

e (Can displace calcium (in bones
e Can interfere with the

Effect
e Kidney failure

e Cardiovascular
® Endocrine disrup
e (Carcinogenic effe
® Bone embrittlement,

Image from: www.silvieandmaryl.com 9




Toxicity of Cadmium — How Biology Mitigates It

Our bodies contain proteins (so called metallothioneins) that are designed

to detoxify the body of heavy metals (cadmium, lead, mercury, etc.):
excretion though the Kidneys
|

y

Their ability to do so is limited
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Hence ery. low folerabfe y[eekly intakes for huma&rﬁ; are set:

o 25 ug/kg\body welght (EFSA Panel on Contamlnants in‘the Food Chain)
® 7 ug/kg body welght (FAO/WHO Expert Commlttee on Food Additives)

)

Acute cadmium poisoning hard to treat
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Summary Comments

= Cadmium is toxic

= \We are already being exposed to multiple sources of cadmium

= “Cadmium stays in the body for a long time so it is-best to prevent the
exposure of young children to cadmium in je Iry 4 (\M}hv health.ny.gov)
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= Replacing lead with the érguably‘mcare toxic e dmlum mgkes no sense
= Use of cadmium in ch|ldren S Jeyvelw IS S.Qely to >e costs

‘\' IV‘J‘ B - .~
= Alternatives are available / ‘ Tt . N
' I \\
’ Iy = e ' :“‘ “L\

= Potential harm of children’s Jewew Qu"qﬁve\biys benefits

= Precautionary principle dictates:aim at lowest possible cadmium exposure

Image from: www.emaxhealth.com
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