- Q:
. [ J . .o
-@- | THUNEN
e T T e Digitalization sponsored
T by Thunen-Institut

Cadmium Content in Sea Water, Bottom Sediment,
Fish, Lichen and Elk in Finland E 'Z‘Z

Timo Jaakkola, Hiroshi Takeshashi® and Jorma K. Miettinen

Department of Radiochemistry
University of Helsinki, Finland -

The great toxicity of cadmium to all forms of life is well known. For most
aquatic organisms, cadmium is the second in order of toxicity. of the heavy
metals, mercury being first (for references sec 1). The great toxicity of
cadmium to laboratory animals and man has been kown for many years.

In rats, cadmium,.administered in doses capable of producing tissue concentrdtios
camparable to those found in medern man, causes arterial hypertensicn, sclerosis
of small arteries in kidncys, heart end other organs, proteinuris, testiculsr
atrophy, and necplasms (2-7). In men, cadmium is suspected of causing pulmenery
emphysema, proteinuria and prostatic carcinoma (ef. 2). It is absent at birth,
but accumilates, especially in the kidney, with incressing age (8). Perry et al.
(9) fourd in the human kidney values (as ppm of ash) varying from 750 (Ruanda
Urmmdi Africa) through 2250 (USA) to 5300 (Japan). Schroeder and Balassa (8)
reported similar high values in Japsnese samples. They calculated that the diet
could centain 4 to 100 ug/day depending cn whether sea food and kicdneys were
eaten, In Japan, rice could also centribute significantly to the total intake (8).

In Japan, cadmium has been recently identified by Kobayashi (10) as the mein
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causative agent of a chronic disease which has afflicted the residents at

Jintsu river, in Toyama prefecture, .since the secord world war. The patients

have severe ostecmalacia and suffer from intense pain in their bones. Kcbayashi
(10) reported the following values (ppm of ash) found in the organs of a patient
who died: kidney 4 900, liver 7 050, rib 11 500. The disease was called “itai-
itai~ byo" (ouch~ ouch~ discaecs) because of the ghricks of the patients suffering
from chronic pain. In February 1968 the death toll wes 110 persons, mainly middle
aged wamen who had borne several children. Only 5 were men. In addition, 94 non-f
lethal typical cases ard 2n estirnted 1000 latent cases were reported (11). In ‘
the advanced stoge of the sickness, the bones becoms brittle and fractures cceur
easily (10). A zinc mine at the upper course of the Jintsu River was identified
as the origin of the cadmium. During the war, Production of zinc and lead was
rapidly increased without proper treatment of the wastes, which were discharged
into the river. Fine ore particles still containing heavy metals were deposited
on rice fields downstream causing not only high cadmium levels in the rice, but
also damage to the crop. In addition, many fammers used river water for drinking

and focd making, and river fish for food.

Kobayashi reports in the bcne ashes of one patient 0.5-1.1 per cent cadmium,

0.02 per cent lead ard 0.3 per cent zine. Polished rice from the district
centained 1.19 ppn of Cd in dry matter ard 125 ppm in ash. Later the disease was
identified on Tsushima Island outside a mine. .'I‘ne well water used by one patient’
on Tsushim contained 0.225 ppm of C4, ’13.37 ppm of Zn and 0.41 ppm of Pb (10).
Kobayashi (10) coni‘ii'med » by feeding experiments with rats, that cadmium replaces

caleium, a fact known for some time (12).

In the USA, Carroll (13) cbserved a positive correlation between the cadmium
content of air and the incidence of hypertension and arteriosclerosis in .’28~

North- American cities.



In Scandinavia end Finlard, a merked ineresse in the d-a%h rates caused by
cardiovascular diseases has occwrred in recent years. Bebtween 1955-8 this
increase was in Sweden 8, Finland 14, Dermark 17 and Norway 25 par cenb, vhile
the increase of deéths occuring frem ischemic heart dicezce vas even chamzr:
in Finland 33, Sweden 35, Dermark U41 and Normy 73 per cent (1%). Fasironi (15)

speculates that increased industrialization in Nomvay has trought ..‘acp.b higher

pollution with cadmivm vhich, being accurulated by shellfich ard cther rarine
animals, is eventual}y ingested by hurans. This hypothesis is based cn the lacts
that both the consurption of seafood, which is gererally iotorioucly rich in
cadmivm (13), and the increase of cardicwescular discases ere excepticnally high
in Norway. An increese of the cadmium level in fish and shellfish in Norway has
not been reported, however. Masironl concludes that the experimental, clinical
and statistical evidence indicates that cadmium may be an etiological facter in
some forms of cardiovascular disease, but further investigations are needed to
ascertain whether cagnium really plays a role and to establish what mechanism is
involved (15).

In Sweden, occurence of cadmium in the envirorment has been studied recently by
two groups of investigators: Rihling and Tyler in Lund (16-19) and Ljunggren

et al. in Stockhelm and Lysekil (20). The former suthors analyzed several heavy
metals in the moss Hylccomium splendens from northern and scuthern Scandinavia,
finding, fcr cedmium, 0,18 ppm (in dry material) in northern and 0,99 ppm in
scuthern sémples (18). Tyler rcvorts values for seven heavy retals in the cypress
mss (Hypnum cupressiforme) in the neighbourhoed of the irdustrial city of Norr-
kiping in scuthern Sweden. In an arca of a few square kilcmeters at the north-
east corner of the city (the windward portion) values as high as 3 4o 4 pom were
found, and in an area of about 100 kmzvalues, arocund ? pon were found. Ljunggren
et al. (20) report the cadmium levels in plankton, plarts, insecets, crustaceans
and fish from a fresh water system begimning at a nen-polluted lake and running
through urban and irdustrialized regions. The cadmium levels of those organisms
increased in the respective order. Homogenized dried semples originated in the
non-polluted leke had the lowest values, 0,6-1,5 ppm, vhile the highest values
0,6 =17 ppm, were fourd in semples from the polluted river. ¥ike fronm
polluted fresh water geve 0,17 ppm of frochweight. Six pike fom the Baltic

outside the city of Oskarsharn, which is known to spread p’)ll\lulf“'l, gave £ 0,020 P,

but one pike gave < 0,1 prm. Cd ner Tech teicht.

Landner (31) in a prreliminary experiment kept the aguarium fish gusoy in water
containing 0,1 ppm Cd. The cadmiwn level of the fish rose from 2 to 10 prmn Aln



7 weeks. When the fish were placed into clean water, thelr C3d level decreased
with a half-time of about 18 dayrs.

The purpose of the present study is two-fold: fivst;to gel a broad picture of

the cadmium levels in envircmmental carmles in Finland, in carparison wath cther
countries,; both in coastal vaters ard inland, aixi secord, to caeck the leozal
environmental levels in the viciniby of thae city of Xoldla, vhave a largs zire
refinery with an annual capacity of 90 000 ton3 of zinc becurn: cparaticnel et

the end of 1969. Tne locaticns from vhich the First groun of s2amles ware  taken
are presented in Fig. 13 locations of the Fokkola caiples are i*re:antcd in Fis. 2.
As hydrcspheric samples, weter, bottom sediments and orgons of pilke wert analysad.
Tne {lesh of pike is probsbly representative of the sea feod that man is likely
to consume. As terrestrial sammle, reirdeer lichen (Cladonia 2lvestris) was
chosen, because it grows very slowly ( a 10-cm-high plent may be 50 years oid)
ard retains all heavy metals very effieiently s 25 is well known ficm fallout
studies. One anelysis of elk kidnsy was also performed to have an id=a of its
importance as a dietary scurce of cadmium. fbout 8 000 elks are shot and consumad
anrually in Firjand, which has about 2.7 million inhabitants.




Methods used

1. Collection of samples

Sea water sarples were taken, from a boat, at a depth of about 0.5 m
and placed into a 5-liter polyethylene ccntainer which had been rinsed 3 times |
with the local.sea water before sarpling. The samples had not be.en;.filte_redtitvm
homogenized by shaking before the aliquot for znalysis was taken.

Bottom sediment samples were taken by a Birge-Ekman sanpler accepting an
area of 20 x 20 cms. Collecticn of abcut a 1 cm thick surface layer of the
sedinent was attempted.

The intact fish were sent fresh to the laboratory where the organs were
separated, dried and homogenized. - \

Lichen saxrple cansisted of the clean upper portion containing about half
green "flower' and half grayish olcer cells,

. 2. Direct analysis of wcte-ashed solution

The samples cf botter: sediment, fishylichen and tissues of elk ard reindeer
were dried overnight at 110°%C. ‘The bottom sediment samples were leached with
6 N HC1 and the precipitate was removed by filtering. The dissolving of the
fish, lichen, elk and reindeer sarples was carricd out by I-INO3 - HC10, wet-ashing.
All sample soluticns were diluted with water to a known volure.

The cadmium levels of these samples, with the exception of the fish flesh,
were determined/by atomgc absorption spectrophotometry of the sclutions obtained
by wet-ashing. The atcmic absorpticn spectrophotomecter used was the Perkin-Elmer
Model 303, The detection limit of this instrument for cadmium in water soluticn
was 0.005 ppm. It was found that caleium cencentrations higher than 500 ppm in
sample solutions interferred with the determination of cadmjum, This is due to
the light scattering effect, which is especially potent at low wavelengths and
when 2 high eoncentration of calcium is present (22). Alsc the total amount of
solid materisl in the sample sclution must be less than 1 %,

3. Concentrative extraction using the radioisotone IOQCd for_cheeking the yield

a) Sea_water. The cadmium ccntent of sea water samples is so low that it

is necessary to concentrate the sanples and to separate cadmium from the alkali
metals and alkaline earths in order to allcw atomic absorption analysis.
To determine the cadmium content of sea water saples, the following method

was develeped:

1. 1000 ml of sea water is poured :mto an cvaparating dish. Radloactlve
carricr-frec de in solution, 1s added to check the yield of the
procecure. (The half-time of the 199Ca isotope is 453 d; it decays :
i8§zplctcly by electren capture and y-radiaticn of 88 KeV by the daughter

is emitted). ‘The sarple is then waporated to CGryness
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2. The residue is soluted by 10 ml of concentrated HC1 and 40 ml of
distilled water is added. The semple is filtered. The sclution is
adjusted to pH 3 using NH3.

3. The solution is thry transferred to asepm‘atlon funel, 10mlof 5%
aqueous soluticn of ammonium pyrrolidine dithiocarbamate (APDC) and
20 ml rethyl-iso-butyl ketcne (MIBK) are added (23, 24). The mixture
is thoroughly shaken for [ive mimutes and the layersare allowed to
seperate, The water phase is discaxded.

4, The cadmium is transferred back into the water phase by shaking twice
for five minutes, each time with 5 ml of 1IN HC1, The combined water
phase is transferred to a 10-ml centrifuze tube, The resicducs of
MIEK are separated by contrifugation snd discarded with the crganic phase.

5. The sclution is aspirated by the flame of the atamic absorrtlon spectro~
photometer, The cedimiuwn content of the sample is determined using
standard soluticns of cadmium, which have been extracted in the same
manner as the sanple.

6. fn aliquot of the 10 mi-water solution obtained in step 4 is token
for yield determination. The radiocactivity of this aliquot is deternined
using a NaI(Tl)- detector and a multichannel anzlyzer. By comparing the
radicactivity found with the amcunt added, the yield of the procedure
can be calculated.

Using thc method described, a hundred-fold coneentration of seaz water sarples is

" cbtained. The yield of the mothed was, cn the average, 92 % (ranging from 79 &

to 100 7). 'The precision of the method vas good, according to thc parallel
determinations presented Jn Tables 1 and 3.

b, Fish flesh. To determine the cadidum level of fish flesh samples, the:
radicactive 1090(1 solution was added at the beginning of the wet-ashing. The
soluticn obtained by wet-ashing was adjusted to pH 3 and the determination of .

cacmium prececded as deseribed in connecticn with the sea water samples (step 3).

Resuits

The results of wat er snalyses erc presented in Table 1. The samples can be
divided into 3 groups: the non-polluted ones (Nos. 1 and 6) having 0.1 to 0.2 ppb
of (d, the heavily polluted cnes from outside the zine refincry (Nes. 8 and 12)
having 5 to 10 ppb, and the less polluted ones having 0.4 to 0.7 prb. Sample

No. li.was an cxception, as it was very turbid and contained richly organic mud
particles. ' ' ’

The results of the bo t t om sediment analyses are presented in Teble 2. All
results are between 0,17 and 1.9 ppm Cd/dry weight. As the sediments varied
greatly, from nearly pure sand (Nos. 7, 11, 12) to those rich in orgmnic matter
(Nes. 1 and 6), the cadmium level was also determined per unit weight of orgenic
dry matter. ‘The "nonpolluted” arcas gave values between U and 10 ppm, the coastal’
area outside Kokkola gave 70 to 130 ppm and scciments taken sbout 2 kms. from the



shere gave 15 to 30 ppm.

The results cf the £ 1 s h crpen analyses are presented in Table 3. In mest
cazes, the liver contains szbout 10 times more €4 than the muscle flesh of the
same fish, and the kidney contains about 30 te 80 times more.

The rusele flesh and the liver of the older fich No. 16 contained 2 to 3 times wore
cadmium than the corresponding organs in the younger £ich f{ron the ssare arvea.

There is no difference in the kidney values, however. The Kokkola vaives are
roughly twe tires higher than the other cnes showing the ight, initisl effccts

cf pollution.

The results of the 1 i ch en anizlyses are presented in Table 4. fthey eon be
roughly divided into 3 categorics. The samples fram Laplaond contained zbout

' 0.1 to 0.2 pom of cadmiwr those taken near the zine refinery in Kokkola centained
about 1 ppm, and the reminder contained, for the nost part, 0.3 to 0.4 pom,

The results of the e 1k and rcindeer analyses arc presented in Table 5.
The blced and neat of the elk contained about 2 ppm of Cd per unit of dry matter,
vwhile the kidney centained about 50 prim.

Elk kidney is thus sbout 20 ¢imes more officient as a source of cadmium thon clk
meat, and 200 times more efficient than pike flesh fram the same region.

Tiscussion

Cerparison of the cadmium levels in the coastal waters of TFinlsnd with the one

value reported in well water in Tsushima (225 prb) sho'n that even the highest

valuc found in Finnish ccastal sea water, 10 ppb in front of the sewer in Kokkcla,
. falls far belew the aforcrentioned Japanese well water value (which had becn fatal).

The present valucs found in pike mucele, mostly 0,002 to 0,004 prm in fresh

raterial, are lower thon the one value given by Ljunggren et al.: < C,015 pom.

The present lichen values established for Lapland, 0.1 to 0.2 ppm, are the sone

as Fihling and Tyler found in the moss Hylocomium spleondens: 0.18 ppm, and our

highest overall lichen valuc, 1 ppm, was 21so the same es that found in scuthern

Sweden: 0.99 ppm.  Only 6 menths of operaticn have increased the cacdmium level

five-fold at about 1 kilemcters' distance from the zgine works (samples Nos. 22 and

24), but no increase is yet noticesble at a distance of about 4 kilometers

(He. 23) .00 the whicle, there does not scem to be an alarming level of cadmium

in the neighberhocd of the Kokkola zine works. The situation must be followed

corefully, however, ac a soveral=fold increase in this level has already been

found after only a fow nonths oporation. '
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Table 1. Cadinium content of sea water sarples in 1970. Hos 1-6, Gulf of Finland,
Nes 7~12, Guif of Bothniz. Sarpling depth is in all cases 0.5 . '

Region Cordinates Depth cf Sanrling Cd ccntent in m"bl)
: sarpling date
e day & ronth 1, 2 averase
1, Kotka, Missalo 60°25', 26°53'E 1 1.12, 02 | - 0.2
2, Loviisa, Hamholn 60°13'M, 651K 40 2.8. 0.5 | 0.4 0.4
3, Parvoo, Pellinkd 60°14m, 25%51'E | 10 2.8, 0.5 | 0.5 0.5
b, Porvco, Wesst 60°17"1, 25°41'E 2 @) 5.6. 2.0 | 2.3 2.2
5, Helsinki, Tervasaari 60°1i'N, 241%8'E 3 18.8. 1.0 0.4 0.7
6, Tyfirmime, Igg%man 59951'N, 23°16' 3 22.7. 0.1 | 6.1 0.1
Ty Kokiola, Rilidheppo Oy >|63%1'N, 23%2'E 1 3.8. 0.3 - 0.3
8, Kokkola, Outclumu Oy 3 |63°52'N, 23°03'E 1 3.8. 10.2 - 10.2
9% Kokkola, shipping chanrel{63°51°N, 23°00'E 10 3.11. c.6 c.6 0.6
10, Kokkola, - 63%2'N, 23°%00'E 14,5 3.11. 0.5 C.5 0.5
i Kokkola, -t 63°53'N, 23%02'E 13 3.11, 0.5 0.5 0.5
12, - Kolkola, Outokumpu Oy > |63%52'N, 23%03'E 1.5 3.11. 5.1 | 5.1 5.1

1) prb = 10"6g/l
2) High turbidity

3) Sanple taken at about U0 m distance from tho mouth of the sewer




Table 2. Cadmium content in bottom sediments (1970).
Nos 1-6, Gulf of Finland, Nos 7-12, Gulf of Fothnia.

No Iocation Sampling | Sanpling | ppm &4/ Ash pr Cd/ |
%fg date dry wt X arxt'jlmc’ca‘c.

Ly Kotka, Mussalo i 1.12 0.47 86.C 3.4
&“‘1 Tvirminne, Byviken 5 23,7 1.88 80.3 9.6 *
6 - Mo . 3 5 .

i, é‘é%m an 32 237 1.16 85.3 7.9
" | Kokola, Rikidihappo 0yY| 1 3.8 0,17 | 99.8| 85.0
S | Kowdeola, outotarpu oy V| 1 3.8 137 | 9801 69.0
9y | Kokkola, shipping channel 10 3.11 0.92 93.7 15.0

J.OM Kolkola, -t 1%.5 3.11 1.23 93.8 20.C
11, | Kokkola, "~ 13 3,11 0.29 99.0| 25.0
12, | Kokkola, Outclawpu oy 2| 15| 3.1 1,18 99.1| 131.0

1) Sample taken at about 4o m dlotancc from the mouth

of the sewer.

. t——— - i




Table 3. Cadmium content in organs of marine fish (pike, Esox iucius L.) 3t the shores cof Finland.

Weight
Yo Tissue 'oI"fJ':Sh Locetion Sarpling prm Cd/ ppm Cd/
Lxgl7 date dry wt | fresh wt

b flesh 0.5 Gulf of Pinland, 1.11.70 0.011 0.002
1 Tammisaari 0.014 0.003
liver 0.108 0.028

kidney 0.760 N.153

“6a fleth | =#40.5 Gulf of Finland 1.11.70 | 0.014 0.003
2 1liver Tvirminne 0.173 0.085
kidney .1.150 0.232

IBAF flesh 0.55 Gulf of Finland 12.6.6R 0.013 G.003
Hiittinen 0.021 0.00k

13 flesh 0.6 Gulf of Finland 12.6.68 | 0.016 0.003
Porkkala 0.019 0.004

14, flesh 0.9 Gulf of Bothnia _6.8.70 0.018 0.004
- liver Kokkela, Léng- 0.148 0.034
kidney holmen 1.519 0.169

ISF fBesn 0,65 Gulf of Bothnia 23.11.70 0.02u 0.005
1 liver Fokkola 10.390 0.006
idney 1.550 0.339

155 flesh 0.66 | Gulf of Pothnia | 23.11.70 | 0.018 0.004
2 liver Kokkola 0.280 0.070
kidney 1.520 0.308

161‘1 fledh 2.48 Culf of Bothnia 23.11.70 0.062 Nn.N13
liver Kokikola 0.409 0.113

¥idney 1,480 0.2a85




Teble 4. Cacmium content in lichen (Cladonia alvestris) in Finland

No. caticn Sarmpling Cd content
' date opm/dry wt.
6Ll Tammisaari, Xoverhar . 2112.70 0.41
6, Temmisasri, Ty&rminne 21.12.70 0.35
5 . ,
171 Virolahti, Klamila 30. 4,67 0.32
17, M- 6.11.67 0.32
174 = 22. 6.68 0.29
18 Tuusula 2.10.64 f 0.21
0.30
19, Helsinki, Kontula 22, L.67 0,46
3.92 - 15.10.67 C.h1
201 Loppi, Riyskild 28.11.67 0.29
20, -t 9.10.68 0.13
21 Asildeala, Salonsaari 20, 9.70 0.18
22 Koldtola, Ykspihlaja 3. 8.70 1.10
23 Kokkola, Kalvholm 23.12.70 { 8:3
24 Kokkola, Sennanrznta 23.11.70 g 0.94
1.06
254 Lapland, Inari 26, 6.67 0.09
25, =M 23. 7.67 0.10
254 Lapiand, Kaaranen 3..9.69 0.43
25“ <M 3' 9.70 0-17
255 -t 4, 9.70 0.13
25¢ Lapland, Muddusjirvi 6. 9.70 0.13
26l Lapland, Hetta 22, 8.69 0.38
26, =V 9. 9.70 0.05
26 -t 9. 8.70 0.13




Table 5. Cadmium content in orgens of elk and reindeer

Ho. Sample Animal age; Locstion Sampling Cd content Dry wt./fresh vit,

sex date _ e (%)
pow/dry wt | prm/ireshvt,

27 meat of elk 2-3 y, female Porvoo 24.10.65 2.35 0.5 25,2

27 liver of elk -t - M 5.50 1,50 27.2

27 kidrley Of elk =l -t Ve 5109 8;05 1505

28 blood of elk 1.5 y, male ~ Tulos 28.11.65 2.35 0.51 21.5

25 backbone of reindeery 4.5 y, female Lapland, Inari 11.12.65 6.90 5.10 73.8
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Fig. 1, Map of Finland showing the locations vhere samples were collected for
cadmium analyses.
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