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ABSTRACT
Cadmium is a heavy metal that occurs as a natural constituent in earth’s crust along with Copper, Lead, Nickel
and Zinc. Cadmium is vastly used in batteries, coating, plating, alloys etc. in various industries. Humans are
commonly exposed to cadmium by inhalation and ingestion. Cadmium enters in air and bind to small particles
where it can combine with water or soil causing contamination of fish, plants and animals in nanoform. Spills at
hazardous waste sites and improper waste disposal can cause cadmium leakages in nearby habitats. Foodstuffs like
liver, mushrooms, shellfish, mussel, cocoa powder and dried seaweed are cadmium rich increasing the
concentration in human bodies. Cigarettes contains tobacco smoke that transports cadmium into lungs and then
to the rest of the body through blood. The bioaccumulation of cadmium in human body and in food chain leads to
acute and chronic intoxications due to biomagnification. Health effects includes diarrhea, stomach pains, Bone
fracture, Reproductive failure and possibly even infertility, damage to the central nervous system and immune
system, psychological disorders, etc. Cadmium can also cause the transformation of normal epithelial cells into
carcinogenic cells by inhibiting the biosynthesis of protein. Cadmium waste streams from the industries end up in
soil which can pollute both soil and surface water. The organic matter in the soil absorbs cadmium increasing the
risk of survival of various plants and also increases the uptake of this toxic metal in food. This review is about the
study of toxicity mechanism of cadmium in human beings and plants and the biological phenomena involved.
Keywords: Cadmium ion, cadmium induced toxicity, cadmium related diseases
cause serious health problems and probably the
death.[1] Sources of cadmium human exposures are
fossil fuels, iron and steel production, cement
nonferrous metals production, waste incineration,
smoking, fertilizers, etc. Activities like volcanic
eruption, mining and use of phosphate fertilizers
provides cadmium exposures indirectly as toxin from
earth crust. Plants take up cadmium from the soil
and form the major source of cadmium intake in
non-smoking,
non-occupationally
exposed
populations. There is a significant use of this heavy
toxic metal in batteries, pigments, coating, plating,
PVC stabilizers and alloys in industries. [3]Renal
disease and emphysema are observed in the workers
working in battery plant due to the inhalation of the
cadmium oxide dust over a long period of time. Due
to excessive intake of cadmium in water and rice and
low intake of calcium and vitamin D, there is effect in
pregnancy and lactation. Cadmium in small amount
absorbeKd in the kidney cause proteinuria when
kidney concentration reaches a certain value.
Interaction between Cd, Cu and Zn results in
cadmium toxicology [4]. Cadmium is also adsorbed

INTRODUCTION
Cadmium (Cd) is a silvery-white, soft, ductile
chemical metal with atomic number 48 and
belonging to the group 12 element in d block and
period 5. It was discovered by German chemist
F.Strohmeyer in 1817 as a constituent of smithsonite
(ZnCO3) from zinc ore. Electronic configuration of the
cadmium is [Kr] 4d10 5s2. Cadmium concentration in
the earth crust is 0.15ppm and the most common
cadmium mineral is greenockite (CdS).[1] Cadmium
is recovered as a by-product from sulfide deposits,
mainly those containing lead, zinc, and copper.
Cadmium level in human increases with the age, it
reach to an average of about 30mg in the age range
40-50 and after that decreases slightly. [2] Cadmium
is hazardous to both environment and human
beings. Cadmium present in atmosphere, water, or
food when exposed to human in low concentration
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and distributed in the other organ and tissues such
as liver, spleen, pancreas, heart and testis. In human,
the biological half life of cadmium is 10-30 years. [5].
As cadmium is very harmful ,its sources of emission
and its direct and indirect interaction with soil,
plants, water and animal is to be understood
properly.[1] Total usage of cadmium is small due to
its toxic properties of the soluble salts. In 1968,
metal production increases from about 100,000 lb
per year to 31,000,000 lb per year due to its
metallurgical properties such as corrosion resistance.
[4] Regulatory limits have been decided at various
levels according to EPA 5 parts per billion (ppb) or
0.005 parts per Million (ppm) of cadmium in drinking
water, Food and Drug Administration (FDA)
concentration In bottled drinking water should not
exceed 0.005 ppm (5 ppb) and OSHA has an average
permissive concentration of 5 micrograms per cubic
meter in workplace air according to 8-hours
workday, 40-hours work week. [6]

remineralization, the metal concentration is
increases at depth.[10]Cadmium is a good example
of metal which has a nutrient like profile and the
accumulation of the cadmium in fossilized tests of
marine invertebrates is used as a measure of past
nutrient concentrations in the sea by correlating its
concentration to that of phosphate.[11-12] Cd may
replace Zn under the conditions of Zn limitation and
enhance
the
growth
rate
of
marine
phytoplankton.[13-15]By using X-ray absorption
fluorescence spectroscopy (XAFS),[16] it is observed
that in marine diatoms with low zinc concentration
cadmium performs the function carried out by zinc
in other anhydrases.[17-18] Cadmium can be used to
block calcium channels in chicken neurons. [19]

CADMIUM INDUCED TOXICITY
Cadmium is considered as a toxic metal and is
hazardous to both human and wild life. It acts as a
mitogen and promotes cancer in a number of
tissues. It also stimulates cell proliferation, inhibit
DNA repair and inhibit apoptosis. On the one hand it
induces the cell death which leads to tissue damage
in kidney. In cell culture systems, cadmium at low
concentration cause apoptosis and with increase in
concentration necrosis become evident. Cadmium
also affects the renal function when exposed to the
environment. [20] When the cadmium acetate is
administered to the rat in varying concentration,
there is
interaction between the Cd2+ and the
enzyme molecule which inhibits the activity of
superoxide dismutase (SOD) to increase the lipid
peroxidation in liver and kidney. It is indicated that
Cd-induced elevation in lipid peroxidation is not only
due to the inhibition of the activity of the superoxide
dismutase (SOD) but also due to the direct action of
2+
Cd on the peroxidation reaction. [21]The role of
cadmium in induction of atherosclerosis in rabbits.
Effect of the cadmium has determined in various
tissues of the rabbits for a period of 6 months on
histopathological
changes
and
biochemical
alterations of profiles. Before and at the end of
cadmium treatment, no ECG changes were
observed. Histopathological studies of the coronary
artery revealed that the atherosclerotic changes
occur due to the toxic effect of the cadmium. It leads
to total increase of lipids, cholesterol, free fatty acids
and phospholipids , Triglyceride in heart and kidney
and decrease in serum and liver. [22] Cadmiuminduced hepatic and renal injury in chronically
exposed rats: likely role of hepatic cadmiummetallothionein in nephrotoxicity. When cadmium is
injected in rat, cadmium level in liver and kidney

Figure 1: Cadmium uses in industries (Adapted
from International cadmium association 2003)

BIOLOGICAL ROLE OF CADMIUM
Under the condition of low zinc, cadmium
enhances the growth rate of marine diatom
Thalassiosira weissflogii at low partial pressure of
CO2. Even though the major intracellular Znrequiring isoform of CA (TWCA1) in T. weissflogii
remain low, there is increase in the carbonic
anhydrase (CA) activity reflecting the enhanced
growth rate. Marine organism controls oceanic
primary production by distributing many nutrients in
the sea. Similar to the distribution of the major
nutrients, there is water column distribution of
biologically important trace metals in oceanic
system. At the surface, metal present extremely at
low concentration where photosynthetic activity
depletes algal nutrients and due to the
decomposition of the organic matter and
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TABLE 1: Properties and applications of cadmium
Physical properties

Chemical properties

Geochemical properties

Applications

 silvery-white, soft,
ductile chemical
metal [7]

 atomic number-48
 atomic weight-112.40
 has 8 isotopes- 106Cd,1.22%b;
108Cd, 0.88%o; "0Cd, 12.39%o;
111Cd,12.75%; 112Cd,24.07%o;
118Cd,12.26%o; 1"4Cd,28.86%o;
116Cd, 7.58.o
 Transition metal in Group IIb of
the periodic table

 Strong chalcophilic
Element.

 Nickel cadmium
(NiCd) batteries.

 Abundance
of
cadmium in earth
crust is 0.15-0.2ppm
 Low concentration in
igneous rocks.
 Ratio of Zn/Cd varies
in all igneous rocks.
 Cadmium
concentration
occurrence is high in
oceanic, shale’s, and
lacustrine sediments,
oceanic manganese
and
phosphorites
nodules

 cadmium
pigments

 Insoluble in
water.[8]
 Inflammable[8]

 Form more stable compound due
to the presence of 14 additional
electrons in fourth orbital.

 Density-8.645

 Oxidation state is +2 but few
compounds show +1 oxidation
state.[9]

 Vapor pressure at
400°C is 1.4mm
and at 500°C is 16
mm.
 Form CdO in air as
vapor is very
reactive.
 Melting point321.069°C,609.92
4°F,594.219K

 Have greater tendency to form
covalent bonds with sulphur.

 used in rods in
nuclear reactors
to control
atomic fission

 With cyanine’s and ammines,
form soluble complexes.

 Used in
electroplating
and prevents
corrosion.

 Boiling point767°C,1413°F,104
0K
 CAS number7440-43-9

 For fourfold coordination,
cadmium ionic radius is 0.88A°

 Used in alloys

 For six fold coordination,
cadmium ionic radius is 1.03A°

 Used in herbal
preparation.
 Used in
fungicides,
phosphors,
ceramics, and
others.

increases linearly for the first few weeks but
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 cadmium
coatings
 stabilizers in
polyvinyl
chloride plastics
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Figure 2: Dietary cadmium exposures at tropical levels. Adapted from Toxicity of Dietary Cadmium to
Aquatic Organisms Part 1)
thereafter content of cadmium in kidney remain
constant and hepatic concentrations of cadmium

decreased. During the first 12 weeks of cadmium
treatment, metallothionein (MT) increases linearly in

Figure 3: Exposure of cadmium at various levels (Adapted from Toxicity of Waterborne Cadmium to
Saltwater Aquatic Organisms Part 1)
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liver and kidney and thereafter rose slightly. Activity
of alanine and aspartate aminotransferase enzyme
in plasma increases sharply after 10 to 12 weeks of
dosing. Hepatic damage, renal injury and urine
outflow increases after cadmium exposure began.
This indicates that Cd-induced hepatic injury via
release of Cd-MT plays an important role in
nephrotoxicity by affecting the liver. [23]

cadmium exposures may lead to genomic instability
and tumor genesis by inhibiting DNA repairs at
various levels [31].

Infertility: Sperm concentration in semen is very
important factor in reproduction cadmium
exposures decreases sperm count in semen. [32]
Cadmium enters the testicular cells in ion

Figure 4: Health effect of cadmium in humans
transporter chains and voltage-dependent calcium
channels. Sertoli and testicular germ cells contains
expression of sperm-head voltage-dependent
calcium channeling [33-34]where with elevated
testicular cadmium levels[35-36] there is a deletion
in exons 7 and/or 8 which cadmium levels
decreasing the sperm count.[36]

CADMIUM INDUCED HUMAN DISORDERS
According to International Agency for Research
on Cancer (IARC) [24] Cadmium is considered one of
the hazardous metals to human health [25].
Cadmium acute exposures may lead to inflammation
followed by cough, dryness and irritation of the nose
and throat, headache, dizziness, chest pain,
pneumonitis, and pulmonary edema [26]

Cardiovascular abnormality: Cadmium found in
tobacco, air and food by in-vitro exposures effects
endothelial dysfunctions and in-vivo accelerates
atherosclerotic plaque formation (artery wall
thickening) causing cardiovascular diseases. [37]
Cadmium interferes with anti-oxidative stress by
binding to metallothionein [38] (protein that
regulates zinc homeostasis and free radical
scavenger [39-40] and increase reactive oxygen
species formation. [41]

Carcinogenesis: Long-term exposures to cadmium
may turn carcinogen in humans, where normal
epithelial cells transform to malignant cells inhibiting
the biosynthesis of DNA, RNA, and proteins
[27].Cadmium inhibits binding of xeroderma
pigmentosum group A (XPA) to DNA which
recognizes DNA damages. Cadmium also reduces the
binding efficiency of tumor suppressor p53 to DNA
[28-29] that is responsible for base excision repair of
UV light exposure in DNA [30].Cadmium inhibits an
enzyme Human 8-oxo-dGTPase that protects against
the incorporation of 8-oxo-dGTP into DNA. Thus

Osteotoxicity: There are many Cadmium-induced
hormone disturbances like affect in vitamin D
metabolic pathways [42] that is cadmium-related
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bone changes due to release of calcium from bone
occurring in the absence of circulating parathyroid
hormone, and calcitonin [43]. In estrogen hormone
pathways, cadmium concentrations activate the
estrogen receptor (ER) and blocks it’s binding to
estrogen indirectly affect the skeleton causing
Osteotoxicity and multiple bone fractures. [44]

prediabetes and diabetes. The estimated risk for
abnormal individuals fasting glucose and diabetes
were almost the same. [51] Cadmium level in breast
milk with elemental composition of milk, including
manganese, iron, and calcium levels had changes
[52], due to mammary gland metal transport chain
[53].

CONCLUSION
Cadmium is heavy metal hazardous to all living
organisms here its effect on various organisms were
studied. Cadmium involves different machineries to
induce its harmful effect on many biological
activities in humans, animals and various other
organisms. In humans cadmium adverse effect is not
only restricted to kidney and bone but it includes
almost every organ and tissue where it accumulates
which argues needs for public health measures
aimed at reducing exposure. There are many
methods by which this heavy metal can be
suppressed in its activities forming the future
prospective for reduced metal toxicity involving
cadmium. The preventive measures in high-risk
patients must be practiced and it is important to
make population-based preventive strategies, such
as promoting public and private smoke-free
environments, reviewing food safety policies
maintaining cadmium safety standards, and limiting
cadmium industrial releases into the environment
helping to avoid cadmium toxicity.

Figure 5: Multinucleated osteoclast-like cell
associated with osteopetrotic bone of a 45days old mouse (Adapted from Toxicology and
applied pharmacology 2009)

Renal disorder: Exposures to high-dose cadmium
causes Itai-itai disease characterized by severely
impaired tubular and glomerular function [45]. Longterm exposure of low-dose cadmium leads to tubular
impairment include zinc and copper bound to the
metal binding protein metallothionein (MT), glucose,
amino acids, phosphate, calcium, β2-MG, and
retinol-binding protein (RBP) losses[46]. Kidney
reabsorptive capacity for nutrients, vitamins, and
minerals decreases. There is abnormal urination with
low-molecular-weight proteins, calcium, amino acid,
phosphate and glucose similar in Fanconi’s
syndrome, a genetic disorder of renal tubular
transport develops kidney damage, and blood
cadmium as the indicator. [47]

REFERENCES
1.

Page, A. L., & Bingham, F. T. (1973). Cadmium
residues in the environment. In Residue reviews
(pp. 1-44).

2.

Fleischer, M., Sarofim, A. F., Fassett, D. W.,
Hammond, P., Shacklette, H. T., Nisbet, I. C., &
Epstein, S. (1974). Environmental impact of
cadmium: a review by the Panel on Hazardous
Trace Substances. Environmental Health
Perspectives, 7, 253.

3.

EFSA. Scientific Opinion of the Panel on
Contaminants in the Food Chain on a request
from the European Commission on cadmium in
food. EFSA J. 2009; 980:1–144.

4.

Fassett, D. W. (1975). Cadmium: Biological
effects and occurrence in the environment.
Annual review of pharmacology, 15(1), 425-435.

Other disorders: Urinary cadmium has various
effects on other tissues such as lungs, periodontal
tissues, hypertension, diabetes and mammary
glands. There is a reduction of forced expiration
(reflection of lung function) with increased urinary
cadmium in smoking individuals [48]. Urinary
cadmium with creatinine level is estimated to be to
more in periodontal disease affected individuals
than the unaffected individuals [49]. It was studied
that the cadmium blood pressure association
disorder was greatest among nonsmokers,
intermediate among former smokers, and small or
absent among current smokers. [50] Increased
urinary cadmium level increases the risk of

6

International Journal of Nanotechnology and Nanoscience, Vol. 3, 2015, 1-9
5.

Goering, P. L., Waalkes, M. P., & Klaassen, C. D.
(1995). Toxicology of cadmium. In Toxicology of
metals (pp. 189-214).

6.

Martin, Sabine, and Wendy Griswold. "Human
health effects of heavy metals."Environ. Sci.
Technol. Br. Cit 15 (2009): 1-6.

7.

19. Swandulla, D.; Armstrong, C. M. (1989).
"Calcium channel block by cadmium in chicken
sensory neurons". Proc. Natl. Acad. Sci. 86 (5):
1736–1740.
20. Templeton, D. M., & Liu, Y. (2010). Multiple
roles of cadmium in cell death and survival.
Chemico-biological interactions, 188(2), 267275.

Holleman, A. F.; Wiberg, E; Wiberg, Nils (1985).
"Cadmium". Lehrbuch
der
Anorganischen
Chemie, 91–100 (in German). Walter de Gruyter.
pp. 1056–1057.

8.

"Case Studies in Environmental Medicine
(CSEM) Cadmium". Agency for Toxic Substances
and Disease Registry. Archived from the
original on 6 June 2011. Retrieved 20 May 2015.

9.

Cotton, F. A. (1999). "Survey of Transition-Metal
Chemistry". Advanced Inorganic Chemistry (6
ed.). John Wiley and Sons. p. 633.

21. Hussain, T., Shukla, G. S., & Chandra, S. V.
(1987). Effects of cadmium on superoxide
dismutase and lipid peroxidation in liver and
kidney of growing rats: in vivo and in vitro
studies. Pharmacology & toxicology, 60(5), 355358
22. Subramanyam, G., Bhaskar, M., & Govindappa,
S. (1991). The role of cadmium in induction of
atherosclerosis in rabbits. Indian heart journal,
44(3), 177-180.

10. Coleman J E (1967) Nature (London) 214:193–
194.

23. Dudley, R. E., Gammal, L. M., & Klaassen, C. D.
(1985). Cadmium-induced hepatic and renal
injury in chronically exposed rats: likely role of
hepatic
cadmium-metallothionein
in
nephrotoxicity.
Toxicology
and
applied
pharmacology, 77(3), 414-426.

11. Bruland K W (1980) Earth Planet Sci Lett 47:176–
198.
12. Boyle E A, Sclater F, Edmond J M(1976) Nature
(London) 263:42–44.

24. Luevano J, Damodaran C. A Review of Molecular
Events of Cadmium-Induced Carcinogenesis.
Journal of environmental pathology, toxicology
and oncology : official organ of the International
Society for Environmental Toxicology and
Cancer 2014; 33(3):183-194.

13. Price N M, Morel F M M(1990) Nature (London)
344:658–660.
14. Lee J G, Morel F M M (1995) Mar Ecol Prog Ser
127:305–309.
15. Lee J G, Roberts S B, Morel F M M(1995) Limnol
Oceanogr 40:1056–1063.

25. Meeting of the IARC working group on
beryllium, cadmium, mercury and exposures in
the glass manufacturing industry Scand J Work
Environ Health. 1993; 19(5):360–3.

16. Lane, T. W., & Morel, F. M. (2000). A biological
function for cadmium in marine diatoms.
Proceedings of the National Academy of
Sciences, 97(9), 4627-4631

26. Roy SS, Mahapatra R, Rath S, Bajpai A, Singh V,
Nair N, et al. Improved neonatal survival after
participatory learning and action with women's
groups: a prospective study in rural eastern
India. Bull World Health Organ. 2013;
91(6):426–33B.

17. Lane, Todd W.; Saito, Mak A.; George, Graham
N.; Pickering, Ingrid J.; Prince, Roger C.; Morel,
François M. M. (2005). "A cadmium enzyme
from a marine diatom". Nature 435 (42): 42.
Bibcode:2005Natur.435...42L.
doi:10.1038/435042a.

27. Waalkes MP. Cadmium carcinogenesis. Mutat
Res. 2003; 533(1-2):107–20.

18. Lane, Todd W.; Morel, F. M. (2000). "A biological
function for cadmium in marine diatoms". Proc.
Natl. Acad. Sci. 97 (9): 4627–4631.

28. Aimola P, Carmignani M, Volpe AR, Di Benedetto
A, Claudio L, Waalkes MP, et al. Cadmium
induces p53-dependent apoptosis in human

7

International Journal of Nanotechnology and Nanoscience, Vol. 3, 2015, 1-9
prostate
epithelial
2012;7(3):e33647.

cells.

PLoS

One.

relevance. Arteriosclerosis, thrombosis, and
vascular biology.2009;29(9):1392–1398.

29. Meplan C, Mann K, Hainaut P. Cadmium induces
conformational modifications of wild-type p53
and suppresses p53 response to DNA damage in
cultured cells. J Biol Chem. 1999;274(44):31663–
70.

38. Jin T, Lu J, Nordberg M. Toxicokinetics and
biochemistry of cadmium with special emphasis
on the role of metallothionein. Neurotoxicology.
1998;19(4–5):529–535.
39. Valko M, Morris H, Cronin MT. Metals, toxicity
and oxidative stress. Current medicinal
chemistry.2005;12(10):1161–1208.

30. Hartmann M, Hartwig A. Disturbance of DNA
damage recognition after UV-irradiation by
nickel(II) and cadmium(II) in mammalian cells.
Carcinogenesis. 1998;19(4):617–21.

40. Bell SG, Vallee BL. The metallothionein/thionein
system: an oxidoreductive metabolic zinc
link.Chembiochem : a European journal of
chemical biology. 2009;10(1):55–62.

31. Waisberg M, Joseph P, Hale B, Beyersmann D.
Molecular and cellular mechanisms of cadmium
carcinogenesis. Toxicology. 2003;192(2-3):95–
117.

41. Tellez-Plaza M, Jones MR, Dominguez-Lucas A,
Guallar E, Navas-Acien A. Cadmium Exposure
and Clinical Cardiovascular Disease: a Systematic
Review. Current atherosclerosis reports
2013;15(10):10.1007/s11883-013-0356-2.
doi:10.1007/s11883-013-0356-2.

32. Benoff S, Hauser R, Marmar JL, Hurley IR,
Napolitano B, Centola GM. Cadmium
Concentrations in Blood and Seminal Plasma:
Correlations with Sperm Number and Motility in
Three Male Populations (Infertility Patients,
Artificial Insemination Donors, and Unselected
Volunteers). Molecular Medicine2009;15(78):248-262. doi:10.2119/molmed.2008.00104.

42. Cadmium-induced bone effect is not mediated
via low serum 1, 25-dihydroxy vitamin
D.Engström A, Skerving S, Lidfeldt J, Burgaz A,
Lundh T, Samsioe G, Vahter M, Akesson
AEnviron Res. 2009 Feb; 109(2):188-92.

33. Goodwin LO, et al. Alternative splicing of exons
in the alpha-1 subunit of the rat testis voltagedependent calcium channel generates germline
specific dihydropyridine binding sites. Mol Hum
Reprod.1998;4:215–26.

43. Cadmium effects on bone metabolism:
accelerated resorption in ovariectomized, aged
beagles.Sacco-Gibson N, Chaudhry S, Brock A,
Sickles AB, Patel B, Hegstad R, Johnston S,
Peterson D, Bhattacharyya MToxicol Appl
Pharmacol. 1992 Apr; 113(2):274-83.

34. Goodwin LO, Karabinus DS, Pergolizzi RG, Benoff
S. L-type voltage-dependent calcium channel
alpha-1C subunit mRNA is present in ejaculated
human spermatozoa. Mol Hum Reprod.
2000;6:127–36.

44. Bhattacharyya MH. Cadmium Osteotoxicity in
Experimental Animals: Mechanisms and
Relationship to Human Exposures. Toxicology
and applied pharmacology 2009;238(3):258265. doi:10.1016/j.taap.2009.05.015.

35. Marmar JL, Benoff S. The safety of ultrasonically
guided testis aspiration biopsies and efficacy of
use to predict varicocelectomy outcome. Hum
Reprod. 2005;20:2279–88.

45. Inaba T, Kobayashi E, Suwazono Y, Uetani M,
Oishi M, Nakagawa H, et al. Estimation of
cumulative cadmium intake causing Itai-itai
disease. Toxicol Lett. 2005;159(2):192–201.

36. Benoff S, Millan C, Hurley IR, Napolitano B,
Marmar JL. Bilateral increased apoptosis and
bilateral accumulation of cadmium in infertile
men with left varicocele. Hum Reprod.
2004;19:616–627.

46. IPCS (International Programme on Chemical
Safety) Cadmium–Environmental Health Criteria
134.Geneva: World Health Organization; 1992.
[[accessed
29
December
2009]].
Available:http://www.inchem.org/documents/e
hc/ehc/ehc134.htm.

37. Messner B, Knoflach M, Seubert A, et al.
Cadmium is a novel and independent risk factor
for early atherosclerosis mechanisms and in vivo

8

International Journal of Nanotechnology and Nanoscience, Vol. 3, 2015, 1-9
47. Satarug S, Garrett SH, Sens MA, Sens DA.
Cadmium, Environmental Exposure, and Health
Outcomes.
Environmental
Health
Perspectives2010;
118(2):182-190.
doi:10.1289/ehp.0901234.
48. Association between 24-hour urinary cadmium
and pulmonary function among communityexposed men: the VA Normative Aging Study.
49. Association
of
environmental
cadmium
exposure with periodontal disease in U.S.
adults.Arora M, Weuve J, Schwartz J, Wright
ROEnviron Health Perspect. 2009 May;
117(5):739-44.
50. Cadmium-induced
nephropathy
in
the
development of high blood pressure.Satarug S,
Nishijo M, Ujjin P, Vanavanitkun Y, Moore
MRToxicol Lett. 2005 May 16; 157(1):57-68.
51. Urinary cadmium, impaired fasting glucose, and
diabetes in the NHANES III.Schwartz GG,
Il'yasova D, Ivanova ADiabetes Care. 2003 Feb;
26(2):468-70.
52. Cadmium interacts with the transport of
essential micronutrients in the mammary gland a study in rural Bangladeshi women.Kippler M,
Lönnerdal B, Goessler W, Ekström EC, Arifeen
SE, Vahter MToxicology. 2009 Mar 4; 257(12):64-9.
53. Lampe BJ, Park SK, Robins T, Mukherjee B,
Litonjua AA, Amarasiriwardena C, Weisskopf M,
Sparrow D, Hu HEnviron Health Perspect. 2008
Sep; 116(9):1226-30.

9

