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Abstract The heavy metal cadmium (Cd) is known

to be a widespread environmental contaminant and a

potential toxin that may adversely affect human

health. Exposure is largely via the respiratory or

gastrointestinal tracts; important non-industrial

sources of exposure are cigarette smoke and food

(from contaminated soil and water). The kidney is the

main organ affected by chronic Cd exposure and

toxicity. Cd accumulates in the kidney as a result of

its preferential uptake by receptor-mediated endocy-

tosis of freely filtered and metallothionein bound Cd

(Cd-MT) in the renal proximal tubule. Internalised

Cd-MT is degraded in endosomes and lysosomes,

releasing free Cd2? into the cytosol, where it can

generate reactive oxygen species (ROS) and activate

cell death pathways. An early and sensitive manifes-

tation of chronic Cd renal toxicity, which can be

useful in individual and population screening, is

impaired reabsorption of low molecular weight

proteins (LMWP) (also a receptor-mediated process

in the proximal tubule) such as retinol binding protein

(RBP). This so-called ‘tubular proteinuria’ is a good

index of proximal tubular damage, but it is not

usually detected by routine clinical dipstick testing

for proteinuria. Continued and heavy Cd exposure

can progress to the clinical renal Fanconi syndrome,

and ultimately to renal failure. Environmental Cd

exposure may be a significant contributory factor to

the development of chronic kidney disease, especially

in the presence of other co-morbidities such as

diabetes or hypertension; therefore, the sources and

environmental impact of Cd, and efforts to limit Cd

exposure, justify more attention.
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Introduction

Heavy metals are a mixed group of elements with

metallic properties that include those important for

normal human health like iron (Fe), cobalt (Co),

copper (Cu), manganese (Mn), molybdenum (Mo),

and zinc (Zn), all of which are trace elements, and

others that are non-essential and potentially toxic,

especially if they accumulate, such as mercury (Hg),

arsenic (As), lead (Pb), plutonium (Pu), vanadium

(V), tungsten (W), and cadmium (Cd), which is the

subject of this short review. Poisoning due to heavy

metals has traditionally been thought to occur only in

the setting of industrial or occupational exposure, and

to present with severe and obvious clinical signs and
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symptoms; however, this is now uncommon in

modern industrialized economies. With the advent

of more sensitive diagnostic methods and biomarkers

of toxicity, it is now possible to identify tissue

damage well before the onset of any significant

clinical signs or symptoms, and to detect and measure

much lower levels of heavy metals in blood and

urine. This has made us much more aware of the

consequences of chronic environmental (or non-

industrial) exposure to heavy metals, and their impact

on human health. In this special issue on Cd, this

article will briefly review the impact of Cd exposure

on human health and, primarily, its effects on the

kidney. Other contributions to this special issue will

describe the underlying mechanisms of Cd-induced

cellular toxicity, and consequent tissue damage, in

more detail.

Cadmium toxicity

Cd toxicity was first described in the nineteenth

century in those working in zinc smelters. In 1948,

Friberg described emphysema and proteinuria in

industrial workers exposed to CdO dust in an electric

battery plant, first linking Cd to renal toxicity. Cd is a

contaminant of zinc- and lead-containing ores, and

chronic Cd toxicity usually occurs in industrial

workers exposed to Cd or those living in heavily

contaminated areas. Cd is still used in electroplating,

the production of pigments (especially in plastics—

using almost a quarter of world production), and in

the manufacture of Li-Cd batteries (Fig. 1). Today,

those involved in handling, assembling and disman-

tling mobile phones, computer circuit boards, and

batteries (‘electronic waste’), are at greatest risk;

however, years of exposure are required before

symptoms of chronic toxicity become evident. More-

over, heavy metal toxicity can present in different

ways, depending on its route of ingestion, its

chemical form, dose, tissue affinity, age and sex, as

well as whether exposure is acute or chronic.

Acute toxicity

Acute Cd toxicity is now rare in Europe and North

America; its symptoms depend on the route of

ingestion and are listed in Table 1. Acute exposure

to Cd fumes (as may occur in welders) causes a

severe chemical pneumonitis with pulmonary edema

and death (see Table 1) (Yates and Goldman 1990).

A Parkinsonism-like neurological disorder has also

been reported as a late effect of acute toxicity (Okuda

et al. 1997). On the other hand Cd ingestion may be

accidental, or sometimes even intentional, but can

also occur from heavily contaminated dust exposure:

it causes desquamation of the intestinal mucosa,

Fig. 1 A pie chart showing the relative contribution (in %) of

the major sources of environmental Cd [Adapted from Van

Assche and Ciarletta (1993)]

Table 1 Signs and symptoms of acute Cd toxicity (after as

little as 10 mg)

Acute Cd poisoning from oral ingestion can present with

Increased salivation

Choking or vomiting

Abdominal pain

Vertigo and loss of consciousness

Painful spasm of the anal sphincter

Acute Cd poisoning from exposure by inhalation

(which may cause a sweet or metallic taste)

can present with

A dry throat or cough

Headache and flu-like symptoms, including fever

Choking and vomiting

Chest pains

Acute pulmonary edema (often fatal)

Asthma-like bronchospasm

Pneumonitis

Muscle weakness

Leg pains
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resulting in severe and bloody diarrhea, and vomiting

(Nordberg 2009). Apart from symptomatic treatment,

treatment of acute toxicity consists of trying to

eliminate Cd using metal chelators such as ethylene-

diamine tetra-acetic acid (EDTA) given by intrave-

nous infusion to increase its urinary excretion

(Dreisbach 1983), or if toxicity is so severe that

renal function is impaired, i.v. EDTA during hemod-

ialysis to remove it in the dialysate (Sheabar and

Yannai 1989); oral dimercaptosuccinic acid (DMSA)

can also be used (Jones et al. 1988). However, these

forms of treatment are often of only limited benefit.

Chronic toxicity

The kidney, skeleton and lungs are the tissues most

affected by chronic Cd toxicity. Upper respiratory

tract and lung symptoms occur in those exposed to

Cd fumes and heavily polluted dust (Table 1),

exhibiting the clinical features of chronic bronchitis

and emphysema, while those more heavily exposed to

Cd developing pulmonary fibrosis (Hendrick 1996).

The kidneys are particularly susceptible to Cd

toxicity, and skeletal manifestations are partly a

result of Cd nephrotoxicity (see later).

Chronic renal toxicity

With chronic exposure to Cd, approximately 50% of

the accumulated dose is stored in the kidneys. The

earliest sign of renal damage is the presence in urine

of low molecular weight proteins (LMWP) such as b2-

microglobulin (b2M) and retinol binding protein

(RBP), and enzymes like N-acetyl-b-D-glucosamini-

dase (NAG). Both b2M and RBP are freely filtered at

the glomerulus, and then completely reabsorbed along

the early proximal tubule by a megalin-dependent,

receptor-mediated, endocytic uptake mechanism

(Wolff et al. 2006) (Fig. 2). The detection of b2M

and RBP in urine is a fairly sensitive marker of

impaired proximal tubular cell function. However,

b2M in urine can also be increased for non-renal

reasons when its circulating levels are high, as in some

forms of cancer (Manzar et al. 1992), including

myeloma (Greipp et al. 1988), in amyloidosis, expo-

sure to other toxins like nitric oxide (Halatek et al.

2005), and in autoimmune diseases like rheumatoid

arthritis (Peterson et al. 1969); as well as when there is

significant glomerular damage. b2M is also less

stable in an acid urine than RBP (Davey and Gosling

1982). For these reasons, RBP is considered to be a

more specific marker of proximal tubular dysfunction.

It is useful in screening for early tubular disease in

Cd nephrotoxicity (Bernard et al. 1987) and has a

urinary Cd threshold of around 10 lg/g creatinine

(*10 nmol/mmol) (Bernard et al. 1995). Other

urinary biomarkers claimed to be even more sensitive,

and that also reflect tubular cell damage and loss,

include NAG (NAG-B—‘lesional enzymuria’) and

alanine aminopeptidase, which can be detected at

urinary Cd levels below 2 lg/g creatinine (*2 nmol

Cd/mmol creatinine) (Moriguchi et al. 2009; Noonan

et al. 2002). Interestingly, loss of the sense of smell

also occurs early in chronic Cd toxicity, which seems

to correlate with the presence of tubular proteinuria; in

fact, the olfactory epithelium expresses high levels of

megalin (see above), which may underlie this asso-

ciation (Rose et al. 1992).

As tubular injury progresses, more generalized

tubular dysfunction occurs with urinary losses of

glucose and amino acids (not normally present in

urine), bicarbonate and phosphate, all features of a

renal Fanconi syndrome (Nogawa et al. 1975b)

(Fig. 3). It might also be speculated that phosphate

wasting and impaired vitamin D metabolism (through

loss of vitamin D binding protein, a LMWP, as well

as reduced conversion of 25-OH to 1,25-OH vitamin

D, because of proximal tubular cell dysfunction)

could indirectly contribute to renal calcium losses

and bone disease (osteomalacia in adults, rickets in

children), as well as to renal stone formation—

prevalence rates are up to seven times higher (Jarup

and Elinder 1993). However, Cd itself may directly

affect bone mineralization, leading to loss of calcium

from bone and increased renal excretion (see below),

as well as having a direct effect on renal tubular

transport of calcium. Continued Cd exposure causes

glomerular damage, leading to albuminuria and a

progressive decline in glomerular filtration rate

(GFR), eventually causing end-stage renal failure.

However, detection of early (micro-)albuminuria

(Bernard et al. 1990) may be of tubular origin, rather

than glomerular. It is also worth noting that tubular

proteinuria is not usually detectable by clinical urine

‘dipsticks’ testing, and could be missed at a routine

medical examination.
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Chronic bone and other tissue toxicity

The relationship between Cd toxicity and osteoma-

lacia or rickets was first described in Japan in the

1950s, when people living in the Jinzu river basin

area began developing multiple bone fractures,

severe bone pain, and malformations of their long

bones (typical features of rickets); a syndrome that

became known as Itai-Itai disease (1955) (Nogawa

et al. 1975a). Cd intoxication was eventually found

to be due to industrial waste discharged into the river

from an upstream zinc mine (Inaba et al. 2005).

Although the bone complications seen with chronic

Cd poisoning were thought to be largely secondary

to Cd-induced renal toxicity, and a consequence of

renal Fanconi syndrome (see above), hypercalciuria

and impaired vitamin D metabolism, more recent

studies have found evidence for a direct effect of Cd

on bone, resulting from its deposition and storage

Fig. 2 Cell model of proximal and distal renal tubular cells,

showing the axial distribution of some of the main solute

transport pathways, including the reabsorption of LMWP in the

proximal tubule (see text for details). NHE-3, isoform of Na?–

H? exchanger; SGLT1/2, Na?-coupled glucose transporters;

NPT2a/c, Na?-coupled phosphate transporters; aa:Na?, Na?-

coupled amino acid transporters; NKCC2, Na?–K?–Cl-

coupled transport; NCCT, Na?–Cl- coupled transport; ROMK,

K? channel; ENaC, Na? channel. More distal nephron

segments may also be affected in chronic Cd toxicity. (NAG-

C is a soluble lysosomal enzyme released by exocytosis,

whereas NAG-B is the membrane-bound form released when

tubular cells and their lysosomes and disrupted—see text for

more detail)

Fig. 3 Simple cell model of a proximal tubule cell present in

the early part of the proximal tubule (S1), showing the main

Na?-coupled solute transporters that are affected in the renal

Fanconi syndrome, including Na?–H? exchange (shown)

which is linked to carbonic anhydrase mediated bicarbonate

reabsorption (not shown), whatever its underlying cause. Thus,

increased amounts of glucose, amino acids, phosphate and

bicarbonate are present in the urine, as well as LMWP

(including some albumin) such as RBP (see text for details)
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there (Bhattacharyya et al. 1992). However, less is

known about a potential association of Cd exposure

with more prevalent osteopaenia and osteoporosis,

which may be a more common association than with

osteomalacia (Kazantzis 2004).

Besides its effect on the kidneys and bone, chronic

Cd toxicity has been shown to cause infertility

(Parizek and Zahor 1956) and liver damage in

animals (Friberg 1952), but these effects have not

been seen as significant features of Cd toxicity in

humans. Cd as a carcinogen is discussed in more

detail in an accompanying article in this issue.

Briefly, Cd has been classified as a human carcinogen

(Group 1) by the International Agency for Research

on Cancer, because Cd exposure has been linked to

an increased incidence of lung, prostate, renal,

endometrial, breast and gastric cancers. However, it

has been difficult to separate the effect of Cd

exposure from the effect of other potential carcino-

gens, particularly in smokers, and from contamina-

tion with arsenic or nickel (Il’yasova and Schwartz

2005; Nawrot et al. 2006). More recently, Cd

exposure has been considered to be yet another

potential cardiovascular risk factor, linked to an

increased risk of myocardial infarction (Everett and

Frithsen 2008), development of hypertension (Spieker

et al. 1987), and diabetes mellitus type 2 (Schwartz et al.

2003), as well as overall mortality (Nakagawa et al.

2006).

Measurement of cadmium in blood and urine

The blood level of Cd largely reflects recent Cd

exposure with a half life of 75–128 days (fast

component); however, it also has a slow component

with a half life of 7–16 years, which correlates well

with total body Cd load (Jarup et al. 1983). Normal

concentrations in non-smokers are \1 lg/l, with

values just under 5 lg/l in smokers; values above

this concentration are probably an indication for

medical surveillance in industrial workers who do not

yet have proteinuria.

Environmental exposure to Cd

The incidence of chronic Cd poisoning in industrial

workers declined rapidly in the second half of the last

century, primarily because of increased awareness of

the effects of chronic Cd exposure, stricter health and

safety regulation, and more regular screening of those

at risk. Until recently, concern about Cd exposure and

toxicity has focused on industrial workers in those

industries in which Cd is used or is a by-product.

However, the decline in heavy industry and the

closure of worked-out mines in many developed

countries have resulted in large areas of contaminated

land, which have been redeveloped subsequently for

farming or domestic housing. Environmental expo-

sure through food is increasingly recognized as an

important source of heavy metal exposure in devel-

oped countries. Several heavy metals, including Cd,

accumulate in plants and sea foods, and others, such

as arsenic, in contaminated drinking water. Some,

like lead, are still present in commercial products

such as paint (‘pica’) and domestic water piping. Cd

accumulates in adults and children by ingestion of

contaminated food, inhalation of contaminated air

and dust particles, and through cigarette smoke.

Although there is no agreed upper limit for Cd dust

exposure, the value is falling as we learn more about

Cd toxicity. Studies show a sharp increase in

nephrotoxicity with a cumulative exposure of

[300 mg/m3 days, which means that Cd exposure

should be limited to \0.02 mg/m3 during a typical

working day over a 45 year working lifetime (Thun

et al. 1989). The Occupational Safety and Health

Administration (OSHA) recommends that the per-

missible exposure limit for Cd is 0.005 mg/m3. The

concentration of Cd in the air is generally\10 ng/m3

(0.1–0.5 ng/m3 in rural and 1–10 ng/m3 in urban

areas), but concentrations several fold higher, up to

1.16 lg/m3, can be found near lead or zinc foundries

(Jensen and Bro-Rasmussen 1992). It is important to

recognize that Cd levels in the atmosphere are usually

much higher inside than outside the home; nearby

road traffic, and the use wood-burning fires or stoves,

add to Cd contamination (Meyer et al. 1999).

Compared with mercury or lead, Cd passes more

easily from soil to plants and can readily enter the

food chain. Contamination of soil by Cd leads to its

accumulation in cultivated crops and vegetables: the

concentration of Cd found in cereals and tubers is

estimated to be 0.025 lg/g of dry weight; the Cd

concentration in meat, fish and fruit is much lower

and is estimated to be between 0.005 and 0.01 lg/g of

dry weight; shellfish can contain higher levels of Cd.

Importantly, Cd absorption from food is increased in
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the presence of iron deficiency (see later) (Flanagan

et al. 1978) indeed, this may explain why young

women tend to have higher Cd levels (Horiguchi

et al. 2004) when compared with men who have

experienced similar levels of environmental expo-

sure. There is also evidence from rat studies that Cd

toxicity suppresses erythropoietin (Horiguchi et al.

1996) and this may contribute to the development of

anaemia.

Cigarette smoking is a significant source of

environmental Cd exposure. Accumulation of Cd in

tobacco plants can vary widely: average concentra-

tions are 1–2 lg/g of dry weight or 0.5–1 lg per

cigarette (Elinder et al. 1983). Approximately 10% of

cadmium oxide (CdO) produced during cigarette

smoking is absorbed into the circulation, and the

concentration of Cd in smokers is 4–5 times higher in

blood, and 2–3 times higher in the kidneys, when

compared with non-smokers (Jarup et al. 1998). Cd is

also present in several unlicensed medicinal herbal

remedies used widely in parts of India and Nigeria

(Arpadjan et al. 2008; Obi et al. 2006), which may

still be used within immigrant communities in Europe

and North America.

Since the kidneys are the ‘critical organ’ in Cd

toxicity, urinary screening for tubular dysfunction

can be carried out at individual, community, and

population levels. Urinary Cd is a measure of total

body Cd load, and it correlates well with the

accumulation of Cd within the kidneys; however, it

is not sensitive enough to predict and detect tubular

injury. A bench mark dose (bMD) has been calcu-

lated for urinary Cd, according to the level at which

tubular proteinuria has been detected in several

epidemiological studies. Calculated bMD varies in

each study, because of differences in the populations

studied, the marker of proteinuria used (RBP, NAG

or b2M), and the threshold chosen for bMD: 5% or

10% above ‘background’ prevalence of tubular

proteinuria. bMD calculated in these studies varies

from 0.71 lg/g creatinine (de Burbure et al. 2006) in

children to 3–4 lg/g creatinine in adults (Jin et al.

2004).

Several epidemiological studies have investigated

the impact of environmental Cd exposure using

urinary Cd as an index of cumulative exposure, and

measurement of albumin, b2M, RBP and NAG as

markers of renal tubular dysfunction. There is a good

correlation between increasing levels of urinary Cd

and increased urinary excretion of RBP (Jin et al.

2004), b2M (Hong et al. 2004), and NAG (Uno et al.

2005); serum urea or creatinine, and albuminuria, are

too insensitive. The Cadmibel study in Belgium was

the first to link urinary Cd with tubular proteinuria in

a population study, demonstrating a dose–effect

relationship between urinary Cd and tubular protein-

uria. This study showed that there was a 10% chance

of developing tubular dysfunction at urinary Cd

levels of 2–3 lg/g creatinine (Lauwerys et al. 1991).

There is still some debate as whether or not the Cd-

induced tubular proteinuria is reversible (Lauwerys

et al. 1994). Studies have suggested that proteinuria is

reversible when b2M levels are between 300 and

1,000 lg/g creatinine, but when levels reach

[1000 lg/g creatinine, proteinuria, and hence glo-

merular damage, becomes more clinically evident

and seemingly irreversible (Bernard 2008).

Although Cd-induced tubular proteinuria is

asymptomatic, there is a clinical advantage in iden-

tifying potential Cd-induced nephrotoxicity early.

Some studies suggest that affected patients may

already have a reduced GFR (Akesson et al. 2005), or

are prone to an accelerated decline in GFR with age

(Jarup et al. 1995), and, therefore, should be targeted

for more aggressive management of any associated

hypertension or diabetes. Moreover, studies have

found the increased risk of developing proteinuria in

diabetics to be associated with higher levels of

urinary Cd and tubular proteinuria (Buchet et al.

1990); a recent Australian study also found a similar

correlation between urinary Cd and albuminuria in

diabetics (Haswell-Elkins et al. 2008). These studies

suggest that Cd exposure could have wider implica-

tions for the apparent increase in the prevalence of

chronic kidney disease (Stages 2–3) in some areas.

Indeed, a study in Kalamar County in Sweden

showed that the renal replacement rate correlated

significantly with urinary Cd levels, and a history of

Cd exposure (Hellstrom et al. 2001). Finally, studies

in rodents have shown that chronic Cd toxicity in

pregnant females can manifest as progressive renal

dysfunction in their offspring (Jacquillet et al. 2007).

Environmental co-exposure to other heavy metals

Several epidemiological studies have highlighted the

fact that that environmental exposure to Cd rarely

occurs in isolation. It is often associated with
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exposure to other heavy metals, most commonly

arsenic and lead. These metals tend to interact in a

complex manner: in some tissues they may compete

for common transport mechanisms, and in other

tissues their toxic effects may be additive or even

synergistic (Mahaffey and Fowler 1977). Studies in

mice have shown that chronic combined exposure to

arsenic and Cd produced greater nephrotoxicity than

either metal alone (Liu et al. 2000), and a recent

epidemiological study of co-exposure to Cd and lead

found a higher risk of developing albuminuria and/or

reduced eGFR compared with Cd exposure alone

(Navas-Acien et al. 2009).

Mechanisms of cadmium toxicity

This is covered in more detail in accompanying

articles in this special issue. As already mentioned,

the lung and gastrointestinal tract are the two main

routes of heavy metal exposure that can result in

toxicity. Absorption through the skin can occur, but it

is uncommon.

Cd is absorbed from the gastrointestinal tract by a

transporter, DMT1 (Divalent Metal Ion Transporter 1),

in the duodenum that also carries iron, and other

metal ions (Mn [ Cd [ Fe [ Pb * Co * Ni [ Zn)

(Park et al. 2002). DMT1 is upregulated in iron

deficiency (Gunshin et al. 1997), which may explain

why women are at greater risk of Cd accumulation

and toxicity (see above). This transporter is also

present in proximal tubular cells and may be respon-

sible for the export of Cd2? from the endosomes and

lysosomes that have taken up the Cd-metallothionein

(see later) complex reabsorbed by the proximal

tubule (Rose et al. 1992). Recent studies have shown

that a Zn (and Mn) transporter, ZIP8, may also be

involved in Cd transport into mammalian cells

(Yanagiya et al. 2000), and that extracellular Mn or

Zn can reduce the cellular uptake of Cd in cells

expressing this transporter (Liu et al. 2008).

Cd absorbed into the circulation is rapidly taken up

by the liver, where it is bound to metallothionein (MT),

which is then slowly released back into circulation. The

Cd-MT complex is freely filtered at the glomerulus and

reabsorbed by the proximal tubule. MT bound Cd has a

very long half-life, anywhere between 10 and 30 years,

and so it accumulates slowly over many years. Cd

exposure up-regulates MT production in the liver and

kidneys, which is a protective response to limit toxicity

from free Cd (Cd2?), but once the MT-producing

capacity of proximal renal tubular cells is exhausted,

progressive tubular cell damage occurs as the intracel-

lular levels of Cd2? increase. Cd can also induce

autoantibodies to MT, which may be tubulo-toxic and

interfere with Cd detoxification (Chen et al. 2006);

other autoantibodies have also been implicated in Cd-

related glomerular damage (Bernard and Lauwerys

1990).

While Cd has been shown in vitro to directly inhibit

the ubiquitous cell ‘sodium pump’ (Na, K-ATPase)

(Kinne-Saffran et al. 1993), mitochondria appear to

be a major intracellular target for Cd toxicity. Cd2?

accumulates in mitochondria and inhibits the respi-

ratory chain (and electron transfer) by acting at the

level of complex III (Wang et al. 2004). This results

in the generation of reactive oxygen species (ROS)

(Stohs et al. 2000), and mitochondrial disruption

(Tang and Shaikh 2001) with release of cytochrome c

(Thevenod 2003), leading to caspase activation,

causing cell death by apoptosis and necrosis (Desa-

gher and Martinou 2000; Thevenod et al. 2000;

Tzirogiannis et al. 2003). Cd can also enhance ROS

accumulation by causing glutathione depletion, as

well as by having direct effects on DNA structure and

gene expression (Bagchi et al. 1996). In keeping with

a key role for ROS in Cd-induced cellular toxicity,

free radical chelators and anti-oxidants have been

shown to be protective (Shaikh et al. 1999). Pre-

treatment with Zn can also protect against Cd toxicity

in rats (Jacquillet et al. 2006). The distribution of

intercellular junction proteins (N- and E-cadherins

and claudins 2 and 5) expressed in the glomerulus

and proximal tubule (but not in the distal nephron) is

also disturbed in Cd toxicity (Prozialeck et al. 2003),

which probably contributes in as yet undefined ways

to both glomerular and proximal tubular damage.

Conclusion

Recognition of the high prevalence of chronic kidney

disease, detected as a result of more intensive

community screening by family doctors, and the

widespread use of formulae such as the MDRD to

screen and estimate GFR (eGFR) (Levey et al. 2003),

is prompting a search for environmental and other

etiological risk factors, in addition to hypertension,
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diabetes, and an aging population. It is becoming

clear that environmental toxins, particularly heavy

metal contamination with Cd, are potentially impor-

tant contributory factors. For this reason, it is

essential not only to identify sources of Cd exposure,

but also to screen those at possible or particular risk,

especially the young; and by improving our under-

standing of the cellular mechanism(s) of renal injury,

to develop more specific treatments and interventions

following acute and chronic Cd exposure.

Acknowledgements We thank Dr David Shirley and Dr

Pedro Cutillas for their help with the figures.

References

Akesson A, Lundh T, Vahter M, Bjellerup P, Lidfeldt J, Ner-

brand C, Samsioe G, Stromberg U, Skerfving S (2005)

Tubular and glomerular kidney effects in Swedish women

with low environmental cadmium exposure. Environ

Health Perspect 113:1627–1631

Arpadjan S, Celik G, Taskesen S, Gucer S (2008) Arsenic,

cadmium and lead in medicinal herbs and their fraction-

ation. Food Chem Toxicol 46:2871–2875

Bagchi D, Bagchi M, Hassoun EA, Stohs SJ (1996) Cadmium-

induced excretion of urinary lipid metabolites, DNA

damage, glutathione depletion, and hepatic lipid peroxi-

dation in Sprague-Dawley rats. Biol Trace Elem Res

52:143–154

Bernard A (2008) Biomarkers of metal toxicity in population

studies: research potential and interpretation issues. J

Toxicol Environ Health A 71:1259–1265

Bernard A, Lauwerys R (1990) Early markers of cadmium

nephrotoxicity: biological significance and predictive

value. Toxicol Environ Chem 27:65–72

Bernard AM, Vyskocil AA, Mahieu P, Lauwerys RR (1987)

Assessment of urinary retinol-binding protein as an index

of proximal tubular injury. Clin Chem 33:775–779

Bernard AM, Roels H, Cardenas A, Lauwerys R (1990)

Assessment of urinary protein 1 and transferrin as early

markers of cadmium nephrotoxicity. Br J Ind Med

47:559–565

Bernard A, Thielemans N, Roels H, Lauwerys R (1995) Asso-

ciation between NAG-B and cadmium in urine with no

evidence of a threshold. Occup Environ Med 52:177–180

Bhattacharyya MH, Sacco-Gibson NA, Peterson DP (1992)

Cadmium-induced bone loss: increased susceptibility in

female beagles after ovariectomy. IARC Sci Publ

118:279–286

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys

F, Ducoffre G, De Plaen P, Staessen J, Amery A (1990)

Renal effects of cadmium body burden of the general

population. Lancet 336:699–702

Chen L, Lei L, Jin T, Nordberg M, Nordberg GF (2006) Plasma

metallothionein antibody, urinary cadmium, and renal

dysfunction in a Chinese type 2 diabetic population.

Diabetes Care 29:2682–2687

Davey PG, Gosling P (1982) Beta 2-microglobulin instability

in pathological urine. Clin Chem 28:1330–1333

de Burbure C, Buchet JP, Leroyer A, Nisse C, Haguenoer JM,

Mutti A, Smerhovsky Z, Cikrt M, Trzcinka-Ochocka M,

Razniewska G, Jakubowski M, Bernard A (2006) Renal

and neurologic effects of cadmium, lead, mercury, and

arsenic in children: evidence of early effects and multiple

interactions at environmental exposure levels. Environ

Health Perspect 114:584–590

Desagher S, Martinou JC (2000) Mitochondria as the central

control point of apoptosis. Trends Cell Biol 10:369–377

Dreisbach RH (1983) Handbook of poisoning: prevention, diag-

nosis and treatment, 11 edn. Lange Medical Publications

Elinder CG, Kjellstrom T, Lind B, Linnman L, Piscator M,

Sundstedt K (1983) Cadmium exposure from smoking

cigarettes: variations with time and country where pur-

chased. Environ Res 32:220–227

Everett CJ, Frithsen IL (2008) Association of urinary cadmium

and myocardial infarction. Environ Res 106:284–286

Flanagan PR, McLellan JS, Haist J, Cherian G, Chamberlain

MJ, Valberg LS (1978) Increased dietary cadmium

absorption in mice and human subjects with iron defi-

ciency. Gastroenterology 74:841–846

Friberg L (1952) Further investigations on chronic cadmium

poisoning; a study on rabbits with radioactive cadmium.

AMA Arch Ind Hyg Occup Med 5:30–36

Greipp PR, Katzmann JA, O’Fallon WM, Kyle RA (1988)

Value of beta 2-microglobulin level and plasma cell

labeling indices as prognostic factors in patients with

newly diagnosed myeloma. Blood 72:219–223

Gunshin H, Mackenzie B, Berger UV, Gunshin Y, Romero MF,

Boron WF, Nussberger S, Gollan JL, Hediger MA (1997)

Cloning and characterization of a mammalian proton-

coupled metal-ion transporter. Nature 388:482–488

Halatek T, Gromadzinska J, Wasowicz W, Rydzynski K (2005)

Serum clara-cell protein and beta2-microglobulin as early

markers of occupational exposure to nitric oxides. Inhal

Toxicol 17:87–97

Haswell-Elkins M, Satarug S, O’Rourke P, Moore M, Ng J,

McGrath V, Walmby M (2008) Striking association

between urinary cadmium level and albuminuria among

Torres Strait Islander people with diabetes. Environ Res

106:379–383

Hellstrom L, Elinder CG, Dahlberg B, Lundberg M, Jarup L,

Persson B, Axelson O (2001) Cadmium exposure and end-

stage renal disease. Am J Kidney Dis 38:1001–1008

Hendrick DJ (1996) Occupational and chronic obstructive

pulmonary disease (COPD). Thorax 51:947–955

Hong F, Jin T, Zhang A (2004) Risk assessment on renal

dysfunction caused by co-exposure to arsenic and cad-

mium using benchmark dose calculation in a Chinese

population. Biometals 17:573–580

Horiguchi H, Sato M, Konno N, Fukushima M (1996) Long-

term cadmium exposure induces anemia in rats through

hypoinduction of erythropoietin in the kidneys. Arch

Toxicol 71:11–19

Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y,

Machida M, Kayama F (2004) Comprehensive study of

the effects of age, iron deficiency, diabetes mellitus, and

790 Biometals (2010) 23:783–792

123



cadmium burden on dietary cadmium absorption in cad-

mium-exposed female Japanese farmers. Toxicol Appl

Pharmacol 196:114–123

Il’yasova D, Schwartz GG (2005) Cadmium and renal cancer.

Toxicol Appl Pharmacol 207:179–186

Inaba T, Kobayashi E, Suwazono Y, Uetani M, Oishi M,

Nakagawa H, Nogawa K (2005) Estimation of cumulative

cadmium intake causing Itai-itai disease. Toxicol Lett

159:192–201

Jacquillet G, Barbier O, Cougnon M, Tauc M, Namorado MC,

Martin D, Reyes JL, Poujeol P (2006) Zinc protects renal

function during cadmium intoxication in the rat. Am J

Physiol 290:F127–F137

Jacquillet G, Barbier O, Rubera I, Tauc M, Borderie A,

Namorado MC, Martin D, Sierra G, Reyes JL, Poujeol P,

Cougnon M (2007) Cadmium causes delayed effects on

renal function in the offspring of cadmium-contaminated

pregnant female rats. Am J Physiol 293:F1450–F1460

Jarup L, Elinder CG (1993) Incidence of renal stones among

cadmium exposed battery workers. Br J Ind Med 50:598–

602

Jarup L, Rogenfelt A, Elinder CG, Nogawa K, Kjellstrom T

(1983) Biological half-time of cadmium in the blood of

workers after cessation of exposure. Scand J Work

Environ Health 9:327–331

Jarup L, Persson B, Elinder CG (1995) Decreased glomerular

filtration rate in solderers exposed to cadmium. Occup

Environ Med 52:818–822

Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M

(1998) Health effects of cadmium exposure—a review of

the literature and a risk estimate. Scand J Work Environ

Health 24(Suppl 1):1–51

Jensen A, Bro-Rasmussen F (1992) Environmental cadmium in

Europe. Rev Environ Contam Toxicol 125:101–181

Jin T, Wu X, Tang Y, Nordberg M, Bernard A, Ye T, Kong Q,

Lundstrom NG, Nordberg GF (2004) Environmental epi-

demiological study and estimation of benchmark dose for

renal dysfunction in a cadmium-polluted area in China.

Biometals 17:525–530

Jones MM, Basinger MA, Topping RJ, Gale GR, Jones SG,

Holscher MA (1988) Meso-2,3-dimercaptosuccinic acid and

sodium N-benzyl-N-dithiocarboxy-D-glucamine as antago-

nists for cadmium intoxication. Arch Toxicol 62:29–36

Kazantzis G (2004) Cadmium, osteoporosis and calcium

metabolism. Biometals 17:493–498

Kinne-Saffran E, Hulseweh M, Pfaff C, Kinne RK (1993)

Inhibition of Na, K-ATPase by cadmium: different

mechanisms in different species. Toxicol Appl Pharmacol

121:22–29

Lauwerys R, Bernard A, Buchet JP, Roels H, Bruaux P, Claeys

F, Ducoffre G, De Plaen P, Staessen J, Amery A (1991)

Does environmental exposure to cadmium represent a

health risk? Conclusions from the Cadmibel study. Acta

Clin Belg 46:219–225

Lauwerys RR, Bernard AM, Roels HA, Buchet JP (1994)

Cadmium: exposure markers as predictors of nephrotoxic

effects. Clin Chem 40:1391–1394

Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW,

Hogg RJ, Perrone RD, Lau J, Eknoyan G (2003) National

Kidney Foundation practice guidelines for chronic kidney

disease: evaluation, classification, and stratification. Ann

Intern Med 139:137–147

Liu J, Liu Y, Habeebu SM, Waalkes MP, Klaassen CD (2000)

Chronic combined exposure to cadmium and arsenic

exacerbates nephrotoxicity, particularly in metallothio-

nein-I/II null mice. Toxicology 147:157–166

Liu Z, Li H, Soleimani M, Girijashanker K, Reed JM, He L,

Dalton TP, Nebert DW (2008) Cd2? versus Zn2? uptake

by the ZIP8 HCO3–dependent symporter: kinetics,

electrogenicity and trafficking. Biochem Biophys Res

Commun 365:814–820

Mahaffey KR, Fowler BA (1977) Effects of concurrent

administration of lead, cadmium, and arsenic in the rat.

Environ Health Perspect 19:165–171

Manzar W, Raghavan MR, Aroor AR, Keshavamurthy KR

(1992) Evaluation of serum beta 2-microglobulin in oral

cancer. Aust Dent J 37:39–42

Meyer I, Heinrich J, Lippold U (1999) Factors affecting lead

and cadmium levels in house dust in industrial areas of

eastern Germany. Sci Total Environ 234:25–36

Moriguchi J, Inoue Y, Kamiyama S, Horiguchi M, Murata K,

Sakuragi S, Fukui Y, Ohashi F, Ikeda M (2009) N-acetyl-

beta-D-glucosaminidase (NAG) as the most sensitive

marker of tubular dysfunction for monitoring residents in

non-polluted areas. Toxicol Lett 190:1–8

Nakagawa H, Nishijo M, Morikawa Y, Miura K, Tawara K,

Kuriwaki J, Kido T, Ikawa A, Kobayashi E, Nogawa K

(2006) Urinary cadmium and mortality among inhabitants

of a cadmium-polluted area in Japan. Environ Res

100:323–329

Navas-Acien A, Tellez-Plaza M, Guallar E, Muntner P, Sil-

bergeld E, Jaar B, Weaver V (2009) Blood cadmium and

lead and chronic kidney disease in US adults: a joint

analysis. Am J Epidemiol 170:1156–1164

Nawrot T, Plusquin M, Hogervorst J, Roels HA, Celis H, Thijs

L, Vangronsveld J, Van HE, Staessen JA (2006) Envi-

ronmental exposure to cadmium and risk of cancer: a

prospective population-based study. Lancet Oncol 7:119–

126

Nogawa K, Hagino N, Ishizaki A, Fukushima M (1975a) Itai-

itai disease. Nippon Eiseigaku Zasshi 30:76

Nogawa K, Ishizaki A, Fukushima M, Shibata I, Hagino N

(1975b) Studies on the women with acquired Fanconi

syndrome observed in the Ichi river basin polluted by

cadmium. Is this Itai-itai disease? Environ Res 10:280–

307

Noonan CW, Sarasua SM, Campagna D, Kathman SJ, Lybar-

ger JA, Mueller PW (2002) Effects of exposure to low

levels of environmental cadmium on renal biomarkers.

Environ Health Perspect 110:151–155

Nordberg GF (2009) Historical perspectives on cadmium tox-

icology. Toxicol Appl Pharmacol 238:192–200

Obi E, Akunyili DN, Ekpo B, Orisakwe OE (2006) Heavy

metal hazards of Nigerian herbal remedies. Sci Total

Environ 369:35–41

Okuda B, Iwamoto Y, Tachibana H, Sugita M (1997) Parkin-

sonism after acute cadmium poisoning. Clin Neurol

Neurosurg 99:263–265

Parizek J, Zahor Z (1956) Effect of cadmium salts on testicular

tissue. Nature 177:1036

Biometals (2010) 23:783–792 791

123



Park JD, Cherrington NJ, Klaassen CD (2002) Intestinal

absorption of cadmium is associated with divalent metal

transporter 1 in rats. Toxicol Sci 68:288–294

Peterson PA, Evrin PE, Berggard I (1969) Differentiation of

glomerular, tubular, and normal proteinuria: determina-

tions of urinary excretion of beta-2-macroglobulin, albu-

min, and total protein. J Clin Invest 48:1189–1198

Prozialeck WC, Lamar PC, Lynch SM (2003) Cadmium alters

the localization of N-cadherin, E-cadherin, and beta-

catenin in the proximal tubule epithelium. Toxicol Appl

Pharmacol 189:180–195

Rose CS, Heywood PG, Costanzo RM (1992) Olfactory

impairment after chronic occupational cadmium exposure.

J Occup Med 34:600–605

Schwartz GG, Il’yasova D, Ivanova A (2003) Urinary cad-

mium, impaired fasting glucose, and diabetes in the

NHANES III. Diabetes Care 26:468–470

Shaikh ZA, Vu TT, Zaman K (1999) Oxidative stress as a

mechanism of chronic cadmium-induced hepatotoxicity

and renal toxicity and protection by antioxidants. Toxicol

Appl Pharmacol 154:256–263

Sheabar FZ, Yannai S (1989) Extracorporeal complexation and

haemodialysis for the treatment of cadmium poisoning. I.

Effects of four chelators on the in vitro elimination of cad-

mium from human blood. Pharmacol Toxicol 64:257–261

Spieker C, Zidek W, Zumkley H (1987) Cadmium and

hypertension. Nephron 47(Suppl 1):34–36

Stohs SJ, Bagchi D, Hassoun E, Bagchi M (2000) Oxidative

mechanisms in the toxicity of chromium and cadmium

ions. J Environ Pathol Toxicol Oncol 19:201–213

Tang W, Shaikh ZA (2001) Renal cortical mitochondrial dys-

function upon cadmium metallothionein administration to

Sprague-Dawley rats. J Toxicol Environ Health A 63:

221–235

Thevenod F (2003) Nephrotoxicity and the proximal tubule.

Insights from cadmium. Nephron Physiol 93:87–93

Thevenod F, Friedmann JM, Katsen AD, Hauser IA (2000) Up-

regulation of multidrug resistance P-glycoprotein via

nuclear factor-kappaB activation protects kidney proximal

tubule cells from cadmium- and reactive oxygen species-

induced apoptosis. J Biol Chem 275:1887–1896

Thun MJ, Osorio AM, Schober S, Hannon WH, Lewis B,

Halperin W (1989) Nephropathy in cadmium workers:

assessment of risk from airborne occupational exposure to

cadmium. Br J Ind Med 46:689–697

Tzirogiannis KN, Panoutsopoulos GI, Demonakou MD, Hereti

RI, Alexandropoulou KN, Basayannis AC, Mykoniatis

MG (2003) Time-course of cadmium-induced acute hep-

atotoxicity in the rat liver: the role of apoptosis. Arch

Toxicol 77:694–701

Uno T, Kobayashi E, Suwazono Y, Okubo Y, Miura K, Sakata

K, Okayama A, Ueshima H, Nakagawa H, Nogawa K

(2005) Health effects of cadmium exposure in the general

environment in Japan with special reference to the lower

limit of the benchmark dose as the threshold level of

urinary cadmium. Scand J Work Environ Health 31:307–

315

Van Assche F, Ciarletta P (1993) Environmental exposure to

cadmium in Belgium: decreasing trends during the 1980s.

In: Heavy metals in the environment, vol 1. CEP con-

sultants, Pub. Edinburg, UK, pp 34–37

Wang Y, Fang J, Leonard SS, Rao KM (2004) Cadmium

inhibits the electron transfer chain and induces reactive

oxygen species. Free Radic Biol Med 36:1434–1443

Wolff NA, Abouhamed M, Verroust PJ, Thevenod F (2006)

Megalin-dependent internalization of cadmium-metallo-

thionein and cytotoxicity in cultured renal proximal tubule

cells. J Pharmacol Exp Ther 318:782–791

Yanagiya T, Imura N, Enomoto S, Kondo Y, Himeno S (2000)

Suppression of a high-affinity transport system for man-

ganese in cadmium-resistant metallothionein-null cells. J

Pharmacol Exp Ther 292:1080–1086

Yates DH, Goldman KP (1990) Acute cadmium poisoning in a

foreman plater welder. Br J Ind Med 47:429–431

792 Biometals (2010) 23:783–792

123


	Heavy metal poisoning: the effects of cadmium on the kidney
	Abstract
	Introduction
	Cadmium toxicity
	Acute toxicity
	Chronic toxicity
	Chronic renal toxicity
	Chronic bone and other tissue toxicity
	Measurement of cadmium in blood and urine


	Environmental exposure to Cd
	Environmental co-exposure to other heavy metals

	Mechanisms of cadmium toxicity
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


