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'Ihe gt'eat toxicity cf eadmium tc all forms cf lire is 1.'leI1 kncwn. For most

aquatic organisms, eadIr.i.um is thc second in order cf toxicity ~ of the hcavy

matals, mercury being first (for refercnees sec 1). 'nie great tcxicity of

cadmium to laboratcry aniIr,,'ÜS and man h~ been kriOi'l1'l for Inm1Y years.
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causative agent of a chronie disease which has affiicted the residents at

Jintau rh'er, in Toymra prefecturo" sinee the second wor1d l'lar. '.Ibe p,ltients

have severe osteonBlacia and surfer from intense pain in their bones. Kcbayashi

(10) reported the folloTtrlrig values (ppm of ash) found in the org:ms of a patient

who died: kidncy lj 900, liver 7 050, rib 11 500. 'Ihe disease \'JaS ca11ed t:itai­

itai- byo!: (ouch- ouch- discaes) because cf the shrifMs of the paticnts suffering

fu:'lm chrome pain. In Febru?.ry 1968 thc death to]~ wen 119 ~...rsons) m:-u.nly rniddle-

• agecl wanen who bad borne severo1 c.'rl.1d.ren. Onl.v 5 were men. In additions 94 non­

lethal typical cases a'1d ml estir.nted 1000 latent cases wcrc !'c!X'r1.:ed (11). In

thc advanced stage or the si.ckness J thc bones become britt1e mld fractures occur

easi1y (10). A zinc mine at thc uppcr course cf the Jintsu Hiver 't'TM identified

as the origin cf the cadmiu.rn. During the \·c.r) Production of zinc and lead "''Os

rapidly increased without p.."'Opcr troatr.lent cf the 1-TasteS, \'Ihich werc diseharged

into the rivcr. Fine orn partieles etill containing heavy rnt~üs werc delX'sited

on rice fie1ds downstremn cnusing not only high cndmit.."'!l levels in the riee, hut

also damage to the crop. In addition, t:".::l.'"W farnJers uscd river \·:ater ror drirudr.g

and focd IrCking, al1.d river fish for feod.

Kebayashi reports in the bone ashes of one f-<'ltient 0.5-1.1 per cent cadmium,

0.02 per cent 1end and 0.3 per cent zinc. Po1ished rice from tbe district

contained 1.19 ppm ef Cd in dry m3.tter an:1 125 ppm in ash. Inter the disease was

identified on Tsushilm Island outside a m:i.ne. 'Ibe \'1011 i'1::1ter used by one patient'

on 'rsushinn contrJ.ned 0.225 ppn of Cd, 13.37 ppn cf Zn am o.ln ppm of Pb (10).

Kobayashi (10) confirrned., by feedifl.g experiments with rats J that cadmitml replaccs

ealcium, a. fact known for SOIm time (12).

In the USA, Carroll (13) cbserved a positive correlation be~leen thc cac3m:ium

content of air and thc incidence of hypertension end arteriosclerosis in 28

North- 1\merican citie~.
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In Scandinavia Emd Finland, a rnarked increClSc in the o':,a.':h rote:3 causec by

cardiovascular disea...<;3cs has oceurred in recent years. Betlleen 1955-6
'
J this

increase was in Si\"ooen 8, Fin1and 14, D8r.r.'ark 17 ar.d Nor\'.Tay 25 p~.r cen~, \·rhi.le

the incrense of deaths occuring frcm ischcr::rl.c heart di:cc.:e 1·ns e":E.n ~.:ln".:'r-:;;!':

in Finland 33, s,tlieden 36, Denrrark 41 and Nonw.y 73 per cent (llt). I·~'lSi..""On:i (15)

speculates thD.t increascd industrialization in Non':ay haß Or.'Oi;!;ht co'.Jou.b ~1i~:.s::."

pollution \'1ith caCrniu.'n \':hich, being accurrulatcd by shel1fisb 2r.d cthel' r.'ar·j."l~

anima.ls, is eventually ingested by hur.an3. This hypothesis is bD.~ed. en tr:c :'acts

that both the consurr:ption of seafood, "lhieh is genera1.ly llotoriou:Jl~l rieh in

c<1drni.um (13), and the increase cf cnrdi.ov~sculardisoases E're c>:eepticn..~l1y h'irJ1

in Norway. An inc:r.ease of thc eachrlt1!!l level in fish n.rrl ~hellfish in N'or!\'D.Y 1"..as

rot been reportcd:. however. Uasironi concludc3 that the experim~ntal, clini.cal

and statistica.l cvidence. indicaten that C!ldmilli"'n rnay be an etiologieal facter in

sorne foms of cardiovaseular diseese, but furthcr investigations nrc n~eded to
ascertain whcther cadmittn really plays a role end to estc.blish ":hat mechanism is

involved (15):

In Sweden, occurenee of cad.."llium in thc environment has been studied recently by

t\'lO groups of investigator3: Rtlhling arrl Tylcr in Lurrl (16-19) and 4junggren

et al. in Stockholm and Lyseld 1 (20). Tbc forrr.er authcrs onalyzed ~cveral heavy

metals in thc ross !:!y'lccomitll7l splendens f'.rom northern and scuthcrn Sca.'1din~via:.

finding, for cadr.rl.tr.1~ 0,18 pp.":'! (in dry r.taterinl) in northern a.-n 0,99 pp..'Tl in

50uthcrn sar.:,les (18). Tyler rcports vcluc:J for sev?l1 heavy netals in· the cyp.""Css

tross (~um cupressif0rt.:lQ) in the nt}irr,hbourhocd cf thc ir.dustrial city of Narr­

kC5pi~ in scuthern &·;c..'den. In 8.11. nre? of a fm'f squ:'U'e kilancters at the rorth­

east corner of the city (thc i'lirrlv.:arct portion) mues an high ns 3 to l.l ppm \':ere

found,and in en aren of wout 100 l<rivaluc~ around ) ppm were found. IJunc-.crrcn

ct al. (20) report the cadmium levels in plDnkton, plru:ts, insccts, crustacean"3

and fish frorn a fresh water systcln beginning at a ncn-po1luted lake nnd ru..··L"lin~

through urban an:i irrlustrinlizcd regions. The cadmitm1 levels of those organ.i.~

incrcased in t11e :respectivc order. Honngenized drio1 serrples originatcd in the

non-p:llluted lake had thc low";st values, 0~6-l:l5 ppm, ,'lhile the highest wüues

0~6 -17 ppn, wem foum. in s<:mplen from the polluted rivzr. ;"ike f'ro;n

polluted frenh w~ter e~ve 0,17' I?p:n o:f. frc~}'r,'might. Six pike fu:m thc R'lltie

outside the city cf Osl(arsh?...m, which is kmv:n to spre:'1.d p:>llutic!1, E-'ilve ~ 0,020 ppm)

but one pike g"ive :. 0 ~l pprn. Cd per ';'c:-:h ~ .·ci.r)~t.

Iarlncr (21) in a prelirrinary experiment kc-pt the aqunrium fish ßtYpy 5.n ''Tater
oontnini.nr; 0,,1 ppn Cd" The cad:nium love:'.. of tha finh roso from 2 t:o 10 p~ in
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7 weeks. When the fish \l1Cre placed into cleffil 't'.'ater, their Cd lc·,·cl de~re:lsed

with a half-time cf about 18 d~rs.

'Ihe purpose of the present sturly is til0-fo1d: first~ to het a broad pict'Jre o!'

the cadmium levels in enviro~ntal ~E'I'T11.es in ~.Jl1a.'1d, i"1 cor;~~xtt'is:ln ~·."'':th ether

countries , both in coastal i'l~ters ard in1?..nd, ern sccorrl, t.o ~1:1ec:\: tr.e local
environrnental levels in the vicini'~y of t~~ c:.c.y cf KovJ:::>J.6., 't'.h.n:,:'e Cl. Jnrl;:'; zlr:c

refinery \dth e.n nnnual capacity cf 90 OGO tc.r:.'3 0-:: zinc be~u..-r.~ cP~!,,·:tic::m.l t.t

the end of, 1969. Ttle loceticns from i':'hieh thc first grOll? er: 5?r.'!;lJ.C~"j l;:o:!:',= ':;;;ke~

are prcsented in Pi.g. 1; locaticns of the l:okkoln ca;:ples ~.ro !,~:::~1'~c1 in FiS•.2.

As hyd:rospheric smrples> watel", bottom sediments and 0::'50-:13 cf p~l{O ,'~'r:~ 3n;:l}yz?d•

The flesh of pike is probably representative cf the sen. f~d th~t m~n is L;Jre1y

to eonsume. As terrestrial sall1;;:>le, reindeer lichen (Clao.ontn alpe~)t~j.s) h'aS

chosen, beea.use it gro\'lS very Slcro1J.y ( a lO-em-high pJ.e.nt m..~ b(~ 50 y;,;at'1 old)

['nI retains 3.11 heavy metaIs very eff:'ciently" as is weIl }m0lm fl"'cm fallout

studies . One ane.J.ysis 01' elk kidney was also perfonned to have nn id,~~1'i of its

i!nrlCr'toncc as 8. dietCI"'J source of cadmum. About 8 000 elks are shot o.nd conc;;u!'n:xi

crmually in Finlar'.d, which has [l"bout 4.7 J'Tlillion inhabitants.
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!-i3tho:is used

1. ~~!Qn--2!'..QcmI?!~~

Sea \'later sar::ples \It-ere taken, .f.rom a boat, at a depth cf about 0.5 t1

arxl placed into a 5-1iter polyethylene container weh had becn rinsed 3 times .
with thc local. sea water befom sampling. fue samples bad not been:.filtercdti.t\'mt:. -
hcrrogenized by shaking befcre the aliquot for analysis was taken.

Bottom sed~nt samplcs \\j-ere taken by a Birge-Ekrnan 3arrpler accepti.ne an

area cf 20 x 20 eInS. Collecticn cf abcut a I cm thiek surface leyer cf the

sedinEnt was attempted.

'lbe intact fish l';CI'e sent !'rczh to thc laboratory ,mcre the organs l't'e!'e

scparated, dried and horogcmzed.

Lichen san:ples cansistcd of thc clean upper portion containing about half

grecn "rlower" and half grayish older co1ls.

2. ~~~~;y~!;}_ot.~.~:~~--E91!!llgn

'Ibe sarrpleo cf bottom se~nt, fish,liehcn and tissucs of elle arrl reindecr

were clried overni.ght at l100C. 'Ibe bottom sediment saIll'lcs were leached with
6 N HC1 and the precipitate was rerroved by filterinß. r:Ihc dissolvinß of the

fish, lichen, elk and roindcer sar.p1cs ,'ras cDITicd out by HN03 - HCI04 wet-nshing.

JI.lI sarnple soluticns \<iCre dilutcd with water to a knO\\n vo1urw.

r.Ihe cadmium levels of these sarrples, with thc exception of the fish Desh,

\\'eI'C detcrmincd/~g~&absorption apcctrophotOI'!'~trycf the solutions obtnincd

by wct-ashi.ng. 'Ihc atcr:rl.c absorption spectrophotClJ:l'XJter used was tbc Perkin-ElIror

fv'!odel 303. 'Ihc detcetion limit of this· instrun:cnt for endrnium i.ri. ,o[~.tcr solution

l\'(lS O.Oq5 ppm. It "las found th:'lt calciu.Ttl ccncentrntions hieter than 500 ppm in
sal'nplc solutionn interfcrred with thc dctennination of cadmium. 'Ihis i5 due to

thc liej:1t scatterinc cff'cct, ,~trl.ch is eSJ;Ccial1y potent nt 10'11 \.,.avclcngths an<::
when a high conccntration of calcium ia prescnt· (22). Alse thc total runount of

solid·m..~tcria1 in thc sarrplo solution romt be lCBs thm 1 %.

3. ~~Q~~i:yg~racti2tu!§?:ooth2..:t:'ad!Q~!:QPC IO?Cd_for ch9~ the :ß2M

a) §2g_~~~2!. 'Ihc c~um ccntcnt of sea. wat.cr sainplc3 is so low that it

is necessm"y to conccnt'L'<:l.tc the sarrplcs and to :Jeparate cadrrdum rrom t.hc alkcli

rr.ctals and alkalinc enrths in orcer to ulIcw atomc ::bsorption analysis.

'Ib dctemine the c3d.1Ü.um contcnt of aoa v.Tater ti8up1cs, the following roothod

was dcvclcpcd:

1. 1000 ml of sca Nater is poured into an ovapar:lting dish. Radioactiw
carricr-freo lO... ('..d, in solution, is addcd to check thc yicld cf thc
proceC:uro. ('Ibo half-tirre of the 10900 isotop~ is 453 dj it decay:J
!~lctcly b~' clcctrcn cnpturo and y-rad.iaticn of 88 KeV by the dauehtcr

Ag is cmittcd). '!he S:Jr.Tllc is then ~'laporatcd to dryncss. .
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2. The rosidua is solutad by 10 ml cf conccntrated HCI and 1.10 ml of
di:3:tilled llatcr is !ldded. 'lhe serrplc is filtercd. 'lhe sclution is
adjusted to pH 3 uning NH3"

3. 'Ibo solutio."1 is th':;:.f. trnnsfcrred to a reperation .funnel. 10 rnl cf 5 %
:lqueous solution of a'mn~um p;yrrolidine dithiocaroama.te U~PDC) and
20 z:U. r.x;thyl-iso-butyl lr.etcne (NIB1Ö are nddecl" (23" 24): 'Ibo m.i.xture
i5 thoroudllY sr-.akcn fcr five r.inutcs and tha laycrs Ell"e nllowed to
separ~tc. Tbe water phase is disc~~cd.

4. 'Ihe cadmium is transferred back into th~ \lfater phaso by shF.lkine twicc
for fivc minutcs) cac..':\ tirm 'tvith 5 r.l1 cf lN HCl. 'Ibo ccnbincd \'tatar
phase is tra11sforrcd to a lO-I:1l ccntri~""'"e tUbe. 'J:h? rcsieucs cf
MIEK arc scp3I'<ltcä by ecntrif'ur,ation und diseo...""dcd trith thc cIgatue phase.

5. 'lhc solution is anpimtcd by thc flazt'C of thc atonue absorption spectro­
photorooter. 'Iho eadlllitrn contcnt of thc sar.:ple is detennined using
standard soluticns of caCr.ü.um" l'1hich havc becn extmctcG in thü s<Jr.e
marmor as tho sa,plc.

6. IUl aliquot of the 10 r.ll-watc:r solution obtaincd in stcp 4 is t~ken ,
for yield dctcrm.ination. rrhc r~di<A1.ctivity cf this aliquot is dctemined
using a N.9.I(Tl)- dotcctor and a multicl1aIll1tÜ w':!lyzcr. By conp:l.rinB the
raclioactivity found l.,lth thc f:l;cunt ac.dcd, thc yield of thC' proccdure
can bc calculatcd.

Using thc r.cthod describcd, a hundred-folcl ccnccntration or soa \\'ntcr sar.ples is

, cbtRincd. 'Ibo yicld of thc nuthcd was.. cn thc uvcraee" 92 %(r~ f.rorn 79 ~

to 100 %). TI10 procision of the ~thod "1as ~ood .. accoroi1".g to tm pCl.I'('!.llel

dcterrrdnations presented in Tables 1 and 3.

b. ~h-g~gh. Tc dctcrnUne thc cadlaium level of fish flesh smnples,t thc'
radicactivc 109m solution l'lP...s ac.ldcd at tho bcei.nnlne of thc wet-anhinr.. 'Ih<.~

solution obtainca by wet-ashing was OOjustcd to pH 3 and tillO deteI!nintltion of,

caCmium prceecdcd as Ucscribcd in ccnnccticn with t1?C sc:! ,.,nter samplcs (stcp 3).

Rcsults

'Ibo results of w a t e r ana.lysen erc prcscntod in Table 1. 'll'lC sanplcs Cml be

dividcd i.nto 3 groups: thc non-pollutcd oncs (Nos. 1 nnd 6) havin[; 0.1 to 0.2 ppb

of 01, tho hcavily polluted cnes frorn outsidc thc zinc rcfincry (Nos. 8 and 12)

having 5 to 10 ppb, and thc less polluted ones havinr; 0.4 to 0.7 ppb. S::anplc

No. 4.was an exception.. as it l\'aS very turbid nnd contained richly oxuan:ic 1l1ld. ,

particles.

'D1c rcsults of tho bot tom seCimcnt analysen are presented in ~blc 2. All

rcsult3 arc bct\'lCcn 0.17 and 1.9 pprn Cdlcry \,lCidlt. A8 thc secli.rrcnts vnricc.1

r;reatly" f'rorn OOtu'ly pure sand (Nos. 7, 11, 12) to those I'ich in orr;:.mi.c rr.attcr

(Nos. 1 and 6), the cadmium level W?.5 :Uso dctermincd per lmit woi.c"ht of orr;ani.c

dry matter. 'Ibo "nonpollute'd" arcas gaw values bch'eCß 4 nnd 10 ppm" thc co.~tnl

area outside Koklroln gavc 70 to 130 pr.m and scc::.immts tnkcn :mout 2 l<rns. i'rcm the
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shcre gave 15 to 30 ppm.

Tnc I'Csults cf thc fis h crßC1I1 analynes are prommtcd in Tablc 3. In I:"Cst

c~cs) thc 1iver centains 8.bout 10 tirrcs rnoro Cd than thc museIe ne~ of' tt:c

sarre fish) nnd thc kiency contains about 30 to 80 tirr.es rrDl:~.

'Ihe Iiusc1e f1esh Dl"xi th::: liver cf thc older fich No. 16 ccnta:ineu 2 to 3 ti.ms !rDrC

ca::i.":1iu.'11 thnn thc ccrI'C'spcndiJ1S orßa!1S in thc YOurIßcr fi~h fron thc S~;D <'.l.!'C2.

IIhcre is no dirrerence :in thc kic1ne~l values) hO'.'lcvcr. Tnc Kol<kola \·a.lt.'G~ .3;~

rou{;hly t ...~'"O tir.::s highcl' th9n thc other on05 shO'tring tho uir')1t ~ initial cffcct:::

cf pollution.

'Ibo results cf thc 1 ich e n nna1yscs.?P~ prcsentcc1. in Tablc 4. 1hcy c::n bc

rOU&~ly C'.ividcd into 3 cateC0ric~. 'Iho s<1.'TIples frarn L:-.pl[lnd. centaincc ::~b{)ut

0.1 to 0.2 ppm cf cad..rJ.UI~ those tC'l{E:n ncmr thc zinc rcfincry in Kokkol:l ccntnincct

nbout 1 pprn, Md thc rCr.'.indcr cont::tined,) for th0 most P3rt J 0.3 to 0.4 ppm.

Th~ results of thc c 1 k [{nd r 0 i n d cer analyses =U~ presentcu in Tnble 5.
'Ibo blcod. arti r.~at of tho olk containcd about 2 ppn of Cd per unit of dry r.nttcr,

"V.'hilo the kidney ccntaincd about 50 ppm.

Elk kirncy is thus nbout 20 ti.l':'Cs rroro cfi'icient as a ~curcc of cadrrium t.b...-m ülk

rrc~t;, end 200 tir«;s rr.oro cfficiont than piko flesh i'rc.m the Sm:D region.

~ussion

COI;:pnrisan cf thc cadmium levels in thc coost:l1 l'm.ter::; of' Finlend ",lith thc 008

velue rcporteu in ...:011 t'l3.tcr ~ 'lsushi.;:.'l (225 pr b) sho';. tbat cvcn thG hitpost

valuc found in Finnish ccastal sca water, 10 ppb in front 01' tho so,,;,cr in Kokko1~)

falls fnr boloN tho aforcr:;cntioned Jflpancso w8Il watcr value (vJhich had been fatnJ.).

'l11C prescnt vnlucz fou.'1d in pike r;u:;c1e J mostly 0.002 to 0.004 prm in frcsh

rr.atcri~" arc lONcr th-m the onc value r:iven by IJUrl[El:"en et a1.: ~. 0.015 ppm.

'The prcscnt lichen valucs estab1itlhod for Lapland" 0.1 to 0.2 ppll, ure thc son~

c::1'i F.ill11ing and Tylcr found in thc rrDSS H;t1ocomium 3p1cnd~: 0.18 pprn, l1nd OUl'

highest oVGrall lichen vnluc" 1 pp.'TI" vIaS e.lsa thc S~.JOO as that found in southcrn

Swcden: 0.99 pp.'11. Only 6 months of operaticn havo incroaaod thc caär:i.urn level

five-fold at about 1 lr-ilcnx;ters t distancc from thc zinc Hark::; (sarr.olcs Nos. 22 ll.'1d

24)) but no incrc~s(-) is yct noticceble FI.t a dist~nco e'f :Jbout lj Id.lcrr.ct.orn

(Ne. 23) .r.'.~ tho ....bole, thcrc doon not sccm to be ffi1 il...'1!!rdnC level cf c:1drdum

in thc neie-pbcrhocd cf tbc Koltlcola ~inc i''Orks. 'Ihc situ3.tion mU3t bc fo1lov:cd

c:.::reful.l..vJ hov.j~vcr;) t'lC :9. !:cve!'al-fold mcrcCise in this IlJvcl h~ :ürc<,lc5.y bccn

found nftcr only a f'2'l11 m.:,nths opcr3.tion.



- 8 -

Ac'knGWledgement

OU!' tp..L'U1ks are due to l-1r M. fl. &ir.io, tinter Administraticm, Kokkola Distriet

(Kolr..k(ü.:"lIl rrJ8mlvilj elysin.~inööri:piiri ),) für delivering the 1(,')kkola s?..lTPles; to

!-'Ir ,I. Vöry Jfor col1ectir,g tbc lichen samples 1):~m Lap1and in 1970 end to

miss Ai1a Nuutinen for technical assistance in the pJ"lC.lytic;ü werk.

'Ibis stud,v was pnrtially financed by a ere.nt frcm Nerdforsk, which is hereby

gr.atefully acknowledged.



2.

8.

11.

10.

1. Keckes, S. and r·1icttinen, .J.t.) r·1?rcury as I-"arine !'o11ut~mt, FI.O lJ.'ccl1n.
Conf. on Barine Pollution, Rcr..e, !)ce. 1970, jn presfZ.

Patty, P., cd. Industrial Hygicnecnc. Toxicolo(;IJ, Vol. II, ce.
by D.Fassett &D.Irieh, IntornciencG) N.Y., 1963.
Sdll"O(;-der, H.A.) luror. J .?hysiol1 207 (19G4) 62.

4. Schroodor.. B.A. 13nd Balas!=)n, J.3.) An-er. J. !'hysic1. 209 (1965) 1;33.
5. Schrcooer, H.J\. et al., J .Nutr. 86 (1965) 5I.

6. Schrocdor, II.A. et al., Arch. Envircnn. Hcalth 13 (1966) 7SO.. -
7. Schrocder, H.J\. Circulation l2 (1967) 570.

Schroedo!', H. A. and Balassa, J.J., J •Chron. Dis. J2!. (1961) 2:;6-258.

PCrr;:T, H.r'!. ~t al.) J •Ch...""On. Di~. 1!!. (1961) 259-271.

Kobayashi, J., Relation oot\1Gcn thc ttltai-It:ii" Dise;sc am:l th0 rollution
of Riv~r Hnter by Ca.ä.r.Jurn from a rdnc:, Paper prescntcd at th.: 5th Int\:rrl.
Wat·~r PolIo canf., San Francioco) ,Tul~r 1970, 11 p.

Shukm Asahi, Füb. 19G8.

12. Nicaud, P., Lafittu, ~., Gros) A., Fnd Gautier, J.r., Bull. ct l':Cm. ~oc.,
mOdI hop. Paris 19 (1942) 204.

13. Carro11, R.E., J .l~r. !'bd.Ass. 198 (1966) 177

14. \'lId. Health arg. (t·mO) , Cardiovascular Discascs" Armual Statistics
Statintics 1955-64 by s·:.:x nnd a.[p, Epidcrn.Vitn1 Statist. Rcp. ~ (1967) 9-10.

15. I·:anironi, H. , TlTrac0 01cments in cardiova:Jculnr disü~c5" in Usos of
f.ctivuti04"1 Jlnalysis jn Studics cf I'iincral Element Hctabolism jn ~an,

IAEA 1bchn. Rcpt. No 122, Vionna 1970.

16. Rüh1ing" 1\. a.'1d rI'ylcr, G." Bot.Notiscr 122 (1969) 248-59.

17. Rühli.nc) Ä. arrl 'ly1cr, G., OiJeos 21 (1970) , No 1

18. Rühl:i.l1rS, A. 3nd Ty1cr" G., Rcgien2.1 v:n-iatiOl''lS in fallout of hcavy Irßt.;:Üs
in Scandinavia, Roport Uo 10~ Lund's Univcrsity, I::Cpt. of Ecolcgical Botany,
Feb. 1970. 10 p. + 12 p. tab1c:s (in Swcdish).

19. Ty1er" G." n0avy zretal c011ta'11inonts at thc region nro1.md thc city of
HcrrköpinG, S"IreGcn. - A rcpo:r.·t fi'cm thc: DJpartIront; of eco1o[;i.cal botany,
Univ. of Lund. Sept. 1969, 5 p., 7 Fig.

20. [JUl'1g',CrCn" K., Sjöstrcmd, B., Jolmosl, A.G., OlssOl'1, H., Otterlind, G.
and y!cstcI"Tllc"l!'k, T., 1\ctivation analysis of roorcury ?nd oth;;;r cnvi.rorD:oonta1
pollutants in \'later end ll.quatic eccsystemn, IfEh, s~sium on tbc Dca cf
Nl.1c1ear Tech.'1i.qucs in teh r!eaourcn:-nt end Contra1 of Environm..mtal
Pollution, Sa1zbUI'(;, flustria, OCt. 1970. .

21. Lan:lncr, L., "Cadmium in aquatic systczmlt , lVL intcmal report 91/21.3.69.

22. Gale K. Billin[:s, Ato:nic Absorption NCW'.'Slotter.!i (1965) 351.
23. Char1es E. U.llforo, J\tomic illisorption Newsletter .2 (1966) 88.

24. R.E.tv'l.anscll and 1l.W.Ei11Iro1, Atcmic f.bncrption Uews1cttcr ~ (1965) 365,



Tab1e 1. Cadmium cvntünt of sea 1rlater saI::ples in 1970. nos 1-6, Gulf cf Fir.l:md,
No~ 1-12, Gulf cf Eothni..? Smr.plinc depth is in all cascs 0.5 1:.•

0.5

0.6

0.3

10.2

C.5

0.6c.6

0.3

10.2

------- ------------:--------------r-------~----------r----------- ----S-----I~----;r----Cd------·--t-~---~i)-----l· .
No. RegJ.o.'1 Cordmatcs r..epth cf ; an;r L"lC' ccnten m pp::> ;

oa')pling data ~~ r-:" ,
______ __ 1-________________ ~~~______ __=::_:~~~ ~--l-~-------:.v:r~=:~

; I :
lW Kot1m, l'fussalo 60025 1N, 260 S31E 1 1.12. 0.2 I - I 0.2

2H Loviisa, Harrnho1r.J. GOo13'H 26°14 1E 40 2.8. 0.4 0.4 I 0.4

3w Porvoo" Pt)llinld 600 14 1N' 250 51'E. 10 2.8. 0.5 0.5' 0.5

4W Porvco, Hess6 60017'N: 25041'E 2 ,!) 5.6. 2.0 2.3 1 2.2

~~ Ee1sinki, Tervasaari 6001i'N, 24058'E 3 18.8. 1.0 0.4 0.7

6w Tv.!irmi.n.'1c, Lappqhj;m 590S1'N, 23°16' 1 22.7. 0.1 0.1. 0.1
selkä

7'r1 Kckkola., Rikldhappo Oy 3) 63°SI ,N" 23°02'E 1 3. 8.

8w Kokkola, OUtokurrvu Oy 3) 630 S2'N, 230 03'E 1 3.8.

9\'1 Kokkola, shipping charJr"l)1 630 S1'N., .230 00 1E 10 3.1l.

10w KoY.ko1a., -"- 630 52 1N., 23c00 1E I 14.5 3.1l.

1~1 Kokkcla., -"- 63
0 '3'N., 23

0
02 1E I 13 1 3.11-

__~~~~~_~~_~~~~30~~:~_~~:~~:~ ~~___ _~~~___
1) ppb =10- 6 g/l

2) HiGh turbidity

3) SampIe taken at nbout 40 m dist2l1ce f~ th::: J'lr)uth cf thc ~e"rer
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Tab1e 2. CD.d.rnium content in bottom sed.iments (1970).

Nos 1-6, Gulf cf Fin1and 3 Nos 7-12, Gu1f nf FX)thnia.

j

,"
I•(,
i

I

I
I

t
I
I
I
I

f.

I
>I

_.~

,

N:1 IDeation 8arnp1ing co , • ppm Cd/ Ash pr.~ Cd/0811f-l...:me
dcpth date dry hrt % QWal1~·~... ,
r,.".::; er. 'W '" \CeCC.-

1M Kotka,l !'1ussnl0 J. 1.12 O)t7 86.0 3.4

6.. Tvärminne, Byvikcn 5 23.7 1.88 80.3 9.6
!>1

1

6I~ - ".. I..a~hjan 32 ~3.:r 1.16 85.3 7.9
''2 se

7r.r Kokko1a, R:ikki.happo Oy1) 1 3.8 0.17 99.8 85.0

8M Kol\ko1a, Outoku.'T'.pu Gy 1) 1 3.8 1.37 98.0 69.0

9l\1 Kokko1a~ shipping charme 10 3.11 0.92 93.7 15.0 ,

10}1 lfu]<j(ola, _"_ 14.5 3.U 1.23 93.8 20.0

11M Kokl<:ola, _tf_ 13 3.11 0.29 99.0 29.0

12M Kokkola) Outolrurrpu Oy 1) 1.5 3.11 1.18 99.1 131.0

--..-
1) Samp1e talcen at about 40 m distance frorr.. the mouth

01" thc sewcr.



Table 3. Cadmium contcnt in organs of nnrine fish (pike, Esox lucius L.) l.t thc sOOres 'cf. Finl~.l1d.

I
_.

\ie:i.g.~t

No Tissue bf"fish Location Sali1pling ppn Cdl ppn Cdl
CkgJ , , date dryl'lt fresh ,,1'.:;

~ 1'lesh 0.5 Gulf of Finlarrl, 1.11.7n 0.011 0.002
1 TanmisBm 0.014 0.003

1iver 0.108 0.028
kidney 0.760 0.153

"~ flczh .:::'.{) •5 Gulf of Finlarrl 1.11.70 0.014 0.003
2 1iver Tvärminne 0,173 0.055

kidncy .1.150 0.232'

13~ .rIesh 0;55 Onlf cf Finland 12.6.6fl 0.013 0.003
Hiittinen 0.021 0.004

13.F flcsh 0.6 Gu1f cf Finland 12.().~8 0.016 0.003
PorJr..kala 0.019 0.004

114p flcsh 0.9 Gulf of Ibthnia 6.8.70 0.018 0.004
liver Kokkoln., Ui..ng-

.
0.148 0.034

kidney hoJ..rr.en 1.519 0.169

15p fl-lcsh 0.65 Gulf of lbthnia 23.11.70 0.024 0.005
1 liver y",kkola 0.390 0.096

kidney 1.550 0.339

lSp f1cSh o.61~ Gulf of Ebthnia 23.11.70 0.018 0.004
2 liver Koklr..ola 0.280 0.07°

kidney 1.520 O.3QR

16p f'leSh 2.118 Gulf of Bothnia 23.11.70 0.062 0.013
liver Kokkola 0.409 0.ll3
}<".idney 1.480 0.295

'.
.. "

I



Table 4. Cadm:ium content in lichen (C1adoma alpestris) in Finland

-------....-........---..- --------......-- --~-

No. Location &mpl~ l-wcooWnt
date ppm/dry 1'1t.

------ -------------...---------- -------~---- -~-~-

6~ Tamnisaari) Koverhar ... 21i12~70 0.41

~2 Tamniflaari* Tv.~e 21.12.70 0.35 ••.-
171 VirOlahti> Klamila 30. 4.67 0.32

172 _"- 6.11.67 0.32

173
_n_ 22. 6.68 0.29

e 18 'lUusula 2.10.64 ~ 0.21
0.30

191 He1sinki) Kontula 22. 4.67 0.46

192
_11- 15.10.67 0.41

2°1 Ioppi~ Räyskli1ä 28.11.67 0.29

2°2 _lY_ 9.10.68 0.13

21 i\sikka1a) Salonsanri 20. 9.70 0.18
22 Kokkola, Ykspihlnj a 3. 8.70 1.10

23 Kokkola, KaIvho]m 23.11.79 t 8~~
211 Koldrola, Sannan.r<.mta 23.11. 70 f 0.94

L06
251 LRp1al'1d, Inal'i 26. 6.67 0.09
252 -"- 23. 7.67 0.10

253 Lapla"'1d, I<aarJanen 3. 9.69 0.43

254
_ft_ 3. 9.70 0.17

255 ..."- 4. 9.70 0.13

256 lapland J VlUddusjärvi 6. 9.70 0.13

261 Lapland, Hetta 22. 8.69 0.38

262 -"- 9. 9.70 0.05

263 -"- 9. 9.70 0.13

--



Tab1e 5. Cadmium content in orcans of elk and rcinOOer

----------------------1----------------
Cd content I;ry ~·.rt./ fresh \'it.

ppm/dry l·ft prm/:reshi't. on
Samplinc

date
Location

--------------------- --------- ------- ------ ----------------
Porvoo 24.10.65 2.35 0.59 25,2
_"_ _ti- 5.50 1.50 27.2

-"- _Ir_ 51.9 8.05 15.5

Tuulos 28.11.65 2.35 0.51 21.5

Lapland, Inari 11.12.65 6.90 5.10 73.8

_"_
_"-

AniJr.al aee;
sex

2-3 Yj ferrale

- __, -------

1.5 y, male

4•5 YJ ferr.ale

----------------- --------------------- -------------
Samp1e

--------------------

27 rreat of elk

27 liver of elk

27 kidney of elk

28 b100d of eil<:

25 backbone of reindee

Uo.

------- --------------------

--------~------------------ ~-------------,--~.--------.-----------~------------ -----~------------------~~----,_.._.---~
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Fig. 1. Hap cf Fin1and st.lOWing the lccations \'mere sa.'TIples 'i':ere collected for
CadmiUlr; analyses.
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Fig. 2. Jf;ap cf sarrpling locatiorw in the vicinh.y of Kokkola.

For locntion cf this area ree Fig. 1.


