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<;admium ¥ an ubiquitous toxic metal to .w~ich everyone is ~~ .at

low levels. .It is toxic 10 almost every organ system of the body incl~dins

the ' immune system. In this study.. the ef£;ects of a rel~tiv.ety low dose of

_.cadmium o~ the immune systerh of .mice"~ the , ~ffects . 01 .~ . moderately.

large ~ose of 'zinc on(Cad~ium.induced immunOpalhO!~F~e *Idicd. 'SIx~

week old t:S7BU6 male .m~~ were exposed ' -I~ SO.ppm ~~dmiumJn drinking

' water for 3 weeks, .and .killed 0, '3 ' an_d 6 we~ks ' a/lcr -. cessatlon. .

. edrnintstratlorr-v prevented -tbe " enhancement of antlbody-fcrml

~S'ponse. p~olir~iatiye · re~ponse , ' of SP1~en ~:E to 'the - T' CCI\ ltogens :

'phytohaemagglutinin _and concanavalin A tend : to be high' F cad iil~
• treated, mice' an~ ' zi~c ' administration after , sure to cad~ium tended to .(

lower it.' The number , of CJ;>g+ cells in t~e spleen was lower and the ratio

of CD4+ to ' CDS+ cells, "'refleciing' th~' ,baiance . of . lmmuncreguletory T

lymphocytes, was higher · in cadmium treated mice., Concurrent zinc

adrOi~istratiori' prevented, the.. alteration of ,'T 'cell subsets•. Suppressor cell

,aetivity - t~n~~_' to be~~o.w.~ in; cadmium tre~t~:...... .~ i~•.. -Natural.Id~ler _~II '
activity ' in .the spleen was low in 'cadmium 'treated mice . and ,concurrent

zinc treatment 'prevented the suppression. B: cell co~nt , In ' _the

antibody .'-prOduction" by splenic Iymphocyte~

,:,:
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. timulatlon was not altered · by cadmium or zinc treatm ent . Cadmium and

'Il~DEXING KEY WORDS : cadmium, zinc, collularimmunity
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CHAPTER 1

1',',

INTRODUCfION

--..
1.1. TRACE ELEMENTS

The bulk of living matter consists· of five elements, namely, carbon,. .
hYdrogen, nitrogen; oxygen, and ' sul~r. They ' are present in tissues -in

· concentrauons':of grams per kilogr~m and their aduU human require~en,ls

· are in the , range of , gr~ms per dlty. !he inacrominer~ls' s~iu~, potassium,

~lcium, magnesium, chlorine and ' phosphorus ;serve _as" ·structural

~~~!1e~~ __o~ ti~!J~ or ~ co~stituenls t.Pf -,Ihlt · body . ..,,....~"'"'._~.c...,..;
co'nc!ntration in living, tissue and adult hu~an requirements are somewhat

lower than the bulk elem~nts, · but still can be expressed as grams per .

kilogr~m ' and grams' or fractions of a ' gram. per .day. The bulk ' elements and

macromin~ra1s arc essential for the function o~ all. cells and the organism.;»

· 'as a ~hole. The remaining e1cme~ls of the: periodl~ table- that' ~u.~

naturally in th~ living· tlssues are ,-present in much lower cqnceniratlons.

Earlier analyt~cal .. methods were unable. . to determine their precise

concentration, hence they , were of~n . described as .~rr}ng ' in "traCCl;~

and .yg .tenn "trace .element" arose, to tknote them. Although present-dey

· techniques" can. virtuaity estimate all ' elements in biological rnatc;rial '. wl~

·~cat a~l1racy , the .term '. "tra~ ' element" is ~UII , retained ' In Ilte~ature

largely -because it, ~ hall~d by time and tradition. Nevertheless the tenn

docs provi~ a descriptive-:,classi~cation for a group of elemenb whOle
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very ,maD and expressed in terms of milligrams

or microgr&mJ per~m (Mertz, 1981; Mcrtz. 1986).

hormones, cobalt ls. the essential metal. in '.vitamin B,J2~ chromium acts ' as a

cofactor Cor ' f~uliR. ' e ine . is, an essentia l roCactor.in many .metalloenzymes .

and copper b , a key regulator of Iysyl oxidaSe activity. , ~I'race elements ere

,:requJrcd ' in..' an ' opti~um level fo; their'. function. , Deficien~ will, result in ;

,pie, iron is . an .essential ' ' compo~ent . ~r the .oxygen ~ng ..protein

. ( haemoglobin, . i.odine is essential for , -CunctloI!aJ, activ,ity .of thyroid

T~ c1cments. which include all thc naturally ~g' elements

o:~pt th~ bu~ element and Duu;rominuals. can be classified into ~

CategOries : ,6n t. .~ '''':i? proven _ esscnt~ity; second, ~ose for which

' p~oof of - essentiality' .does·· net cxist_ (1'4ertz, J986). The ' essentiality of a

tr~ce e l~~nt ,. b-·. jUdg~d by-,. the cn,tenon 'that its def1ciet.t,.J~ntak~
-con!~tently . resulu : In' imPainn.ent of a function- which is ' prevented or ,

corrected. by IUPPle~en!-Btioh ~th , ph~iological. ~eve~~ of the- particular ,

element and not bi··ot hers., By .th is criterion chromium" ,cobalt. copper,
. ' ~ , : . . " . " " ' ., . " '"' ,

f1~orine, . iodin~•. •iron. man~anese, ~~Jybdfnum, selenium and zinc \ are

. . . accepted "as essential at present, even .thau~ all of these do not ' present a

r>. ,_ - practical ' -nutritional prob lem to hu~ans.~~- additi~n, 'arsenic, : niCk~~
. , ilioon, tin .~ vanadium are often included in the essenti~ trace el~meni .

group as ~~fid;;;q,Symptoms---.h8,!O ~rel1 bun reponed for. the m. but 'the \.

. .. , ite . , nd inode of eeticn of ti.':~';e~no;..ytt clearly defined .

•(Me~ ;981; Menz,I986~ . . .. -~' . \ '. '
. .'.~

Most, ~f the eisen tial .tra ce 'elements" act ' pri~anly as s~ctural .\ . .-

components .or catalYsts in large molecules, hormones! ~'nd enzymes. 'Fo; \

\ .

~ " . .. . .
'· ·~:;".:~t. '"..~·~.v.~~~i·~:~~:~,.~i>o i:~i;) '(;i~~:.,. ,I",,;,b...i.'.:: -~ -.:.." " ":":";,:;,.~""•., ••,;" .~~'~....,,,.,...~,.; :;.i.•:....,.;;:
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suooPt~mal funct~isea~ \~d in extreme death" Similarly, 'excess

intak~ will cause toxicity and\ can have a ' fatal outcome. All essential trace

elements thus have a bell-Shaped dose response curve, the kurtosis of

which varies. For some, like\ selenium, difference between optimum tissue'

level !U'd ' toxic level is ver;. nerrcw; while for othert , 'like zinc. it 'is \_
. . I'
relative~. r~' In tihe bio~ogical system\ ,"Optimum concen~~tio .ns of. trace

elements are ·'.,-.main~ained by\ ~.series '..p~ regulato~ .~echan lsms like

absorption, . distribution, metabolism and ' etcr~tlon. Some proteins are . also

involved 'm the . ·meta~U;in Ji trace elemeo~; " Uk~ transferrin forlroo,

ceruloplasmin for ~.p~i, .: .~nd.\ metall~~IOn~in ',"for- h~a~ ' tetalS. cadmium,

zinc,. copper and ~.thers~." . Althor~h t~e function of all th~se prot,elns ' are'.

. ~ot precisely ~own, most a~~\ as \carriers or b~ffers aglli(lsJ excess,

Among the ' second group lof trace elements, for which no css ntiel

function has~~n described i~" ran, some are of importance due ' t their

prm:~O' toxicities. Lead, . cadmiu1 ' and mercury are Important examples 'of

tl).is group, .A lthough all tr.ace '!e~ei~ts, .incl,uding jhe essential ,e l emen~, _

have inherent properties of toxiC,itt:ovhen..present in excess; lead, cadmium

and ,, ~erCury serve " n~ . eSsentia~ 1~IOgi~I ' f~nction, . they are ' ·eumula'tlve !"l

"poisons and ~re. , toxic ' ever .!It \ low · · do.~es. Their p.~ma~ . Importance to

biologists ' is due to Illeir toxicity. Ideally none of these. toxle metaIJ

should be present in the ~iSSUes. : but due tovindustrial activity a1id 'human

' I habits, ' all . ,orga.nisms are, C4?ns~ntly , exposed-,....,to these .elemeats , and

\ accumulate a .ccraidereble amount :0[ ' them in 't~e tissues, Toxic, heavY

\ metals arc brought up from the ,' e'ai1h's crust for i~d~strlal ';'Ie and uioolly
\ . . •..

ve~ , little of I~em arc recycled. :l;hus t~eJr lev,eJ In,: the ~nvfroilJ~ent iJ

grad~ , In~ea.tng, also are the, levell In human ' and animal ; tiHue.
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(N a tional Academy or Sciences, 1978). This is particularly true for lead and I
~dmi~m. ··TIle . po tent ial toxiciti~ s> 1~1s of th ese ·. e nts to' which -

th e genera l populat ion , ia inadvert ,rltly espesed ~ thus of conside rable /
.. - - . ' !

PUbl ic...health Importance. ' . /

Among many functions of tra ce cleme nts, recent studies have also

dem~mst~ed their importa nce in .the ~egula tlon or immu~c Jun~,~ns i nd

host detens e mechanisms. Th.~ . irnpetu sto . the st~dY of trace element ! and

i,~m\lnity was generat ed from stud ies de monsiratlng ~~~stent . Impairmen t -

.·" :1"" ,I
I

i I

:( . ;'~drl .an~ ,: Dayt~\:l.~),.~ -' H~r~_ .'. 1n . "m~i ,·.-or "i,' ';Immunol~ty, •~"I h:~' . "" 0' . he r rente,roJ,.m ode of :",mm~"'tI<>?

i:::, ,h : _~~>' ; " "" ;L..:\ ,:" .:",JL.",;.~,~.:,.,;,,•.",.. \ ,~ _ '~' ~>',I O." ,,,,,"i.: ' -" i ~

' J

d
f;t . ~i ' i~uQe functions ' in childre n ~uffering from gross ' undernu trn ion, like

fi proteln-energy malnutritIOn, in ~hiCh" not 6DIy-' supply . ofprotei~ . ;;;" ~ '

~ . :. tlll~ries are . defiden~ bilt a lsO, body stores -cr most vitamins and ~ntia l . .

~~: ~ . trace elemene are leu than ' 'adequate (Chandra. 1972; ' -Otowdh~ry ~~ .

>~, . Cband~ Ch.nd" 1988), . ' '-

~ '" The ...!,opK:\t... tra ce clements and imni~nity ~ been'" the subJect of. . ."., '
~~. . seve~1 workshops.' reviews _and m~~phs (Ol aoon. and Dayton, 1982; "

1 _ . Beise~ 1982i Olowdh uf)' Bnd _Chandra, 1986b, Chandra, 1987). !he esscntml

t~; trace . elements, p~CUlarJ). ZinC. ~n, ' coppCr an d _, sele~ium arc ' now

{~ . ei tablls hed critical {actors ' in the generation. maintena nce and arr(pliflC8.tion

~: . : or . Immune :~.po~ '. D'efic~eneles o~ .thC~ ..' elements _ r~duces _ the ~Ilular

.~~ Imm une function '. both In man and labo ratory ':a,nlmals and -Increases. the

v, suscept ibility ' 10 ' i nfe~tlon " and other" Im~unOI~g1callY:" mediated ' diseasC5. '

," Among .the non-e!.\en~I~I, trace ~et8ls",j ' 1C8~ ' Cadmlu~ " and mercury h~~e .
- ~ "'-'

been shown to be Immunotoxic in expe rimental animals (Kolle r, 1980;



has been used which is of rela tively little significance to possible huma n

toxiclty.,.yevenheless., these studies show that toxic metals also affect
...:".:0' I

immun~ponses that are of potential health significance. '
,~~

O ne important aspec t that has e merged from rece nt stuF!les on trace. . .
el~men~ is the existence~ "Interactlons among them. · Trace elemen ts

interact , between themselves a\d a.lso with other d ietary elemen~s. The ",

topic hJ " bee n reviewed recen tly,' (The Ta.sk .Group on Meta l In te ractjo n,

19~8j Levander )~nd ' Che ng, 1980; .AbdUlla, . Nair ' 8n~ Cha~dra, 1985j ·.· "

Ch~dhUry~ .Cha~drs" 1981). However ' the effects ..s nd impli~ionll of~

this ph enome non on immune funct ions h as nct : been studied . On , the

. \

J

t;"'Jr,-~ ' premise that essential . trace eleme nts have importa nt immunoregulato ry

effe~~ ,and the known toxic ' elements are 'also toxic to the Immune

sjs tem. . del"oostmtion of such interaction ' among these two gr? ups of

elemen~/~ould7"be of basic an d applied signi~.

Cadmium and zinc .,are twoi~portant members of the

element groups . They both, be long. to group 118 of th e periodic ta ble and, . -' . .
thus hav e many physical a~d ehem ical ~mi1arities . . They are ~sual1y found

togeth er in na ture and also -tn biological tiSll uCS:' where they com pete for

. binding sites , in ligands like meralloeneymes and the heavy, . meta l , binging

protein metallothlonein. Thus they form , an interesting _toxiC" . and. . essential

trace e~7~t psi;in the b'iOlogi~1 . sysi~m. In. the sUb5~quen; lection~ of

this cha pter, ' salient featu res of ~dmi~m end zinc will be discussed v.:i(~ , '

particular emphasis . on ' the immune ', system effects. 'Metallothionel n, which

is invo lved in the metabolism of both cadmium an~ zinc, will be '•.brJefly '.
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discussed . and. the known inter aclions between cadmiu m and zinc wil l also

be discus sed.

1.%. CADMIUM • A TO XIC REA VY METAL
"

. , Ca d mium is an ubiquitous element to which ,~veryone is ' constantly

e spo eed 'at a low .jevel. At birth cadmium is virtually absen t from . tissues,

' . but it is gradua,lly acq uired from the: "e nvironment, so' .that in a lifet ime an

ecerege perso n l~ving , in . ll:J1 i'ndustrlal :,society , acCumulates "about 15 to 30

~g ~f cadmi~m in " his ' ,~y ·(~;iberg, piscaior, N~rd~i' and ~j:lIstrom. .;."..~ "

1.974). ~~~?~gh th~e .- acute l(;lldcity of cad~iu~ ' op, .the lung ' and

gastroi,:,te stinal tract has been. kn own for ~er e.' cen tury . (Whee ler. ' 1876) ,

it was o nly in 1950·~ . t~.t· 'th~' d~!1 8er ~f chronic expos~;e t~ cadm ium was

apprec iat ed, ! n 1942 Nicaud, ~Ii«e " a~d, ' G rcs ~in France ~~P?4ed"ilJ)

unusual numbe r of cases of os teo porosis associated with' an impairment of '

general . l;lealu\1:.i.n an alkali~~attery factory workers ~~d s~ggested
ca dmiu m t~ pe" lhC causative , age~t ' ,"<Fn1>erg et . ~I.. 1974): A few ~e~rs
later( In Sweden, Fnberg ' "(1948,' ' i9~0) conductecf' ~ '8 ~uJvey o~ worker~­
exposed to· ·.cadnii~~~de dust in' , a~ electri cal' b81~~ry Plant. " ~nd fOl!Jld .8 .

high ' . numbCr ' of' cases C!f lung ' 'and kidney "~a~ag~ ~~ar~ct~rized ' by<.
cm~hysem.~nd low molecul~~ ~t ' . prote incrie :rcsPc:~t~e ,y. , ~~hiCe, then,

mllny sir~:lllar !nvestig~~S)ns performed in "sever al ' cOuntri.es ha*} ~nfirtJ:l~

the ' danger , of , chroni c , . long.;term: cadmium "exposure, end cadm~m
rec ognized as a seriow occupational •health' hazard
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The greatest conce rn ov~r cadmium polluti on ' wa s trigger~d by reports

from' Japan which showed" th~t . chronic ca dmium poisonin:g was - not

restricted , to .ind listrial workers 'only, but ';8n constitut e a ' hca lt~ hazard to

I th e gene ra l popu lation as' well. . A larg~ . po pulalion grou~ '- in Japa n "was ,

expose d to cadmium by contatni!,ation of food and water -thro ugh a mine.

Th e total daily intake of cadmi~m was abo ut ~en.fold greeter- than that in . _~ .:~'

most pa rts or the world. In 'so me areas the exposure was high ' ~nougb to

cause an epide mic of severe bon e disea se - th e /Iai·ita i diu Qse. (Fribe rg et :

. al., .1974) . ·Anoth t:r case of 'CBd~iU~ exposure amon;'th~ ' genCr~I'''p6pulatlon '
occ~rred in ' a ,:i1lage i~ 'Englan~" TIil:: - source of cont~ination was food

gr own in an old zinc-mitlil}8 area. The level c t exposur:e was com parobl e"to,-- 'O' - .....th at of Japan, liver .cadmium . le~ls wer e high in th e exposed' populatlA,:,
and some eviden ce of kidney damage was ~oted, ~ut none de vejcpe d the

typical features of ltai·itai difeasl! ' (Carrothers anq Smith, 1979; Inskip,

11. 'Be ra l 'a nd McDow all, 19&2). ' ," . '

~\y ,~dmium has n~ dsentlal- biologica l fu~c~n. A1thO~gh . bne preliminary .

Com~unicatiQn has 'repo rted a gtowt~ supporting .effect of ~odmium i~ts

(SChwarz, 'and Spallholz, ) 976), there are )~o confirmatory repo rts
\ . . , .

subs tantia ting th is finding. So at , p resent all evidencc Indicate that

ca~;"ium is ' o!,1$>' a toxjc· element . and its , presen ce in t ells m'u~t be regarded

as somethi ng to be mir!.lmized.

".-.

environme nt: Industrial processes that use cad~lum include~ctroptatlng,.
&.

a nd generalbpth in the indulitrlBI
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fabrication of alloys and solders, manufactur e of paints where . cadmium

aalts are used as pigments .and plastics where it is used as a stabilizer,

and .in manufacture of cadmium-nickel batteries (Bernard and Lauwcrys,

1986). Certain' oth~r industrial.?processes, lik~ produc.tion ~f cadmium and

its com.pounds, smelting and refining ' of ~nc and lead ores, recovery of

scrap :netal, combustion of coal and oil, and disposal of sewage' and sludge

and of waste ' plastics produces ~dmium as a byproduct (Web b, 197.5).

Workers in both types of industries are at potential dllnger .of inhaling

large amounts of cadmium" as ~he ' processes involved emit cadmium

part icles and increase its level in the air.

, ' I

Fo.t the g~ner8.1 : POPulati~n, cadmium iFosure occurs mainly thr:ough

food. .However. . cigarcJte"ol smoke contains a ' significant amount of cadmium,

and thus in heavy smokers this is an importa nt additional source of .

,cadmium. Drinking. ' WDI~r . an~ ambient air usuapy contain very little

ca~mi\lm, and contri1;lUtl9,l] to total body burden of cadmium from these

sources 'are insignificant

Vol~nic activity and .e rostcn of land has cont,aminated the earth 's

environment, 'and pollut~d , its food supply with cacfmiu~ since thc beginning

of Iiic ; but it.is ,0~1y in the )a,st thr~' decades' that cadmium has bien.

" given a serious 'consideration i s a 'food contaminant. As "the industrial use. ' " "

of cadr.nium increa sed over the , past thirty years" so did its level i? the

~ '~~nvironment ~nd .oonseque~tJy irr the food , chain (FOX: ~979; . Ryan, Pahren

. ~ Lucas, .1982). Several studies ,havc bee n conducted to ~timate the .

,"" avenae dally cadmfum intake from food., The values are extremely variable

depe~~~s ,,, on t)le geographical region, dieta ry habit and source 'Of
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contamination. Some foods like oysters. kidney and liver are known to

contain amounts of ,cadmium consi~erabiy higher thnn most other foods.

DietS rich in these foods may consi~er8bly _increase the cadmium intake

(Mahaffey, Cornellussen, Jelinek and Fiorino. 1975). The reported dally

inta~c of cadmium from various countries shows values of 10 • 51 ~g/day

for the United States. 10 • 20 p,Flday for the , United Kingdom, 11 • 18

wI/day. for Sweden, 15 p.g/day r lJelgium and 20 - 70 lJ.g/day for Japan

(Buchct, Lauwerys, Vandev rde and Pycke 1983; Page, :El·Amarny and

Chang, 1986). F~r Cans:a. t' average daily. intake ha; been reported to
be 67 p.~_ (Kb~atri~k and , Co.ffin, 19?4). 'It has been ,estimated that

cadmium intake of. ~39Q p.Yda~ far 50 years by' a healthy 70 .K~ 'man

would result dn kidney damage (FoX;1?83). Thus it can be derived . t~at the .

current d!etary· cadmium con~ent ~f normal people' provides a safety margin

of only 4 to 20 fold.

Various studies have documented the Importance of cigarette ' smoking

as a source of cadmium. An~lysis ~f necropsy material ' from smokers ,show . ';;

a higher body burden o.f'cadm:iu~ in smokers as compared I~ nOt1.smo~ers .

(Lewis, !usko, Coughlin and Herta, 1912j Hahn, Ewers, Jermann, fr~ier,

Brockhaus and Schlipkcter, 1987). The amount of tetained cadmium is also
, . " , " ' \ '. ~

directly proport,ional 10 the numbef of cigarettes ', s.h~ked. By In vivo

measurement,· the lot~1 body burden of cadmium was seen to be double i~

smoke'f. as , compared to non-smoke~ (Ellis, Vartsky, Zanzi, CohnBnd

Yasamura,-1979). in pregnant women who smoked, cadmium",levels were

- , elevated in their blood, as also' In the placenta and fetal: blood (Kuhnert,

KUh~~rt" .Botto~. and Erhard, 1~82). In a recent survey, bl~ cadmium

level was ' seen to. be increased in smokers with a 'dose-effect relatlonihlp

, '>
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to the number of cigarettes smoked per day: Even ex-smokers had higher

blood cadmium levels (Moreau" Lellouch, Juguet, Festy, Orssaud and paude,

1983). .

1.2.2. Metabolism or cadmium"

The principal features of cadmium metabolism are its long biological

~alf-lif~ and interaction with other nutrients, particularly zinc. The long

half-life"'is due to the .Jack of any hom~ostatic control mechanis~s that

can .deal with the increasing intake of cadmium ~th age. The only

protection the mammalian ,system offers against cadmium is through the

synthesis of the.jntracetlular metal-binding protein metallotbionein. "

The main routes ~f cadmium entry into the body the

gastrointestinal tract and the lung. Virtually the total amount of cadmium

present in the body enters through these two organs.

Very little quantitative data are . available on th~ absorption of

cadmium in ~an. Most values are bas~d .on the analysis of human autopsy

m~lerials -end estimates of dietary intake. These Ii,ued" human 'data and

supportive animal experiments -indlcate th~t the gas~roiniestina! absorption

of cadmium is very low, l!l1d is geJler~l1y between 3 and 8 percent of the

·intake (Perry, -Thind and Perry, 1~6). Cadmium is absorbed by a process

of passive diffusion in . the duodenum, ;jejunum and il~um (Sahagian, '

Herdlng-Berlow and ,.Perry 1966; ~f1agian, Harding-Barlow and Perry 1967).

~~~~._Intestine, ; cad~ium con~~trates in '~ ' epitheliai , ~lls and much of

_~t is subsequently lost when", the cells are shed from . the villi. However, the

observation of enteropathy in '/ Iol-ilal dis~ase patients (Murata, ") Iirono,

· '; ~ '. \ ';
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Saeki and Nakagawa, 1969) and in experimen tal animals fed large doses of

cadmium ' (Richa~n.: Fox and .Fry, 1974) suggest that when cadmium

concenua tio." in the .Yllli crosses 8 critical level. j he cells

and a substantial amount of cadmium may enter the body.

damaged

Absorpt ion 9f cadmium . from the lung is ,much ~igher ,as compared to

the gastrointestinal tract. The rate of absorp tion depen ds on thr." size and

molecular, Iorm of the rt5pi~able particles of cad~ium. 'J?lc form~scnt l~

cigarette smoke is usually more. completely absorbed than those from

industrial sources. 'O ne modo! base'd 'on human aut opsy study estima tes that

50 percent of ' inhaled cadmium from cigarette smok!': is absorbed (Ellnder,

Kjellstrom.. Friberg, Und ~nd Llnnman, 1976). In non-smokers, inhalation

contnbu tes very .little . cadmium to the body. The 8~~orbcd fraction. is also

conside?a bly Ie$;' for other resj:>irabre sources. Ge nerally about 2S percent

of cadmium inhaled in ambient air is deposited in the lower re~pira~or/
tract. and about , 13 to 19 percent of the inhaled cadmium is absorbed

(FnOe'l! et el., 1974).

Nter absorptio n cadmium is transported in blood. The mode. of

cadmium transport in blood is unlmowri. but iI is 'thought that cadmium is

~nsported in 'pl~ma bound ~o ' ~ molecular , weight proteip(s) an'd ' in

erythrocytes bound to haemoglobin and other protein(s) (Nordberg, Piscator

and Nordberg," 1971). Animal studies indicate that freshly absorbed cadmium

is first taken up by the liver and incorporated into metallothioneln. This

cadmjum-melail~;hlonein ~mpIU' is then slowly. relea~d fnto blood ~nd

taken up by other tls.sues, particularly ' kidn~ (Kell ial. "1986). In tinue. ,

cadmium is , ~gain bound hito metallolhionein, Which. keep" the metal In a

"~.'" ," ; ,'"
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non-ionic fonn that is eon-tcdc, Kidneys. (or some unknown reason '

produce the highest 'amount of ~mctallothioncin and concentrate . the largest

amount of cadmium: Uvcr also concentrates a considerable amount of

cadm~m. but the amount is . generally much lower than kidneys. However.

due 'to its larger weight the liver contains a signif'icant fraction of the

to tal ' body burden. In kidneys. a cac mfum. gradient occurs with the

concentrat ion , in the outer ' Cortex being ' twice that in the medulla

. (Uvingst~n. 1m ).

Cadmi~m_ once stored in tissues. is r':,leased very slowly. Its biological

half·Ufe-has been calculefed to be . 5-10 years in the liver and 1~3.3 .yeers

- fn th'e -kidri~ ~jcJl5trom. 1971; F~~rg et aL, i974)~ V~ry ~ma11 a~ounts
, " A ' . '
o r eadmium are norma~ _ excreted fro m the" bqdy. Th e principal route ~f

cxcr~lIon is the urine and in normal man the urine cadmium -'concentration

'varies ~m <. Q.5 to 2 p.glliter. The ' I~cl is higher in smokers -than in

non.smo1r:~n. AIsO with inaessing age., as tissue' cadmium levels .increase,
. '

the urina ry out put of cadmium also lncreeses, Th us ' normally unn ary

cadmium leveb\e~t the tot~ body burden _of the metal (Kos.tial, · 1986),. \ . . " ' . ~ -

However, ;hen re;w da~ge .occun due to .~ry hi~ kid~ey _~miu~ ..~d, _~,

the excretion' Increases..d~at ieally and may reach values over 100 Wp day

(Hallenbeck, 1986).

1.2.3. ToxIc efl'ectaor cadmium

" Cadmium ;, tOld. ' to , <inually every system' of the body. ·~.n;~e< I'
. . . . \ ,

information exists on the toxic effects or cadmium, however, for obvious :
. .- . . . . . . , . .
~easons - most or tbe data are from ' animal studies. Ta ble 1.1 summarizes the .
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Toxic Effects of.Cadmium

Type ,Effet ts

Acute Gastroenteritis

Bronchitis and pulmonary edema

R~productiv~ystem effect •

> )

Chronic Renal' damage and proteinuria

11a~7i1ai disease

Chronic obstructive lung disease

Essential"hypertension •

Carcinoma of lung and prostate •

Teratogenesis •

Immunotoxicity•

"~sionally - Mild ane~ia,

Yellow coloration of teeth,

Nasal mua: sal ulceration,

Anosmia, Live'r .damage

• InconclusiVe eVidence of occurrence in man

Nordberg e l /:~.I.;' 1973

Friberg et 81.; ..1974

Parizek; 19S6.& 1983

Pis~tor1 1986

Friberg' et. aI., '1974"

Stanescu et el., 1977

.xcop er al., 1982

Thun et al., 1985

Machemer et aI., 1981

Koller, 1980 •
. Borgman et al., 1986

Bemerd .et aI., 1986

"" ~
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