LIFFREDISTOFNUN HASKOLANS

FJOLRIT NR. 6

Skyrsla um gagnasofnun
vegna hugsanlegrar mengunar
af voldum jarnblendiverksmidju

Sveinn Ingvarsson

Reykjavik 1976



Sk¥rsla um gagnastfnun vegna hugsanlegrar mengunar af vdldum

Jérnblendiverksmidju

eftir

Svein Ingvarsson, LIiffrzdistofnun Héskélans, Reykjavik.

Bfnisyfirlit.
bls

1. Gogn um jarnblendiverksmidju & Grundartanga

4 HVALFirBi e eeeennereascoeecasansonos e 1
1.1, JEATOTASK e v e s e e vnsnsooscacasasancsssasoassnnans .. 1
1.2. MedPerd NrAefNis weeeee.ens Ceteeeee e cscoes 2
1.2.1. Geymsla hréefnis..i.ceeeeeeceens ,...ﬁ ......... hee. 2
1.2.2. KvartshVOLtUL e e s eeanesesneosansccscscsscocsancses 2
1.0.3.  KVATTSMOLUL.s e e evronsassenesneaanasssncsnses he.. 2
1.2.4. Blondun hréefNniS.eeeeceeseescses ceesceassenneeans 2
1.3. Urgangsefni fré verksmlégunnl.................... '3
1.4. EAMMALAIT e o e e e v evneonesneoasncnenonnnssascnesonnns 6
2. Heimildir um mengun med sérstsku tilliti til

pungmélma og bremnisteinstviildis........ [P 9
2.1. Cadmium..... et eesccessecsscesssasesesssssesee e 10
0.2, 1Y e e eeeeeen e e e ... 38
2.3 Adrir pungmélmar........... e eesaeeanenanos ‘.. 48
2.4. Brennisteinstviildi...veeeceeeescenans et sseee s 67
2.5. Heimildir.eeeeoeooooansasosssoes R 77



GSgn um jérnblendiverksmidju & Grundartanga f Hvalfirdi

Yfirlit petta er unnid Gr beim heimildum sem tiltzkar voru

{ jani 1975 um m&lmblendiidnad og verksmidju & Grundartanga.

Skyrslunni er =tlad ad veita innsyn f pbé& paetti sem um er ad
reda og helst ber ad varast I sambandi vid idnad af pessu tagi.

skyrslunni er skipt nidur 1 3 adalkafla:

1.1. Jarérasklvegna byggingar verksmidju
1.2. Medferd hréefnis.
1.3. Urgangsefni- fr4 verksmidjunni.

Ts1lur innan sviga tékna ntmer peirra heimilda sem visad er til.
Sj& heimildaskré.

Jaréraék.

Axtlad er ad uppgroftur Gr verksmidjuldd nemi ﬁm pad bil

530.000 m>. -

Pescu efni 4 ad koma fyrir 1 hélum vid nordvestur og nordaustur-—
hlidar 18darinnar. Petta verdur pd einungis framkvemanlegt ef
burrvidrasamt verdur & jardvegsflutningatimanum.

Talid er Pfullvist ad flytja verdi nokkud magn af uppgreftri
lengra fré& 163inni og er atlunin ad hylja klapparholt og mela
5 km vestan verksmidjulédarinnar med efninu og s& sidan gras-—
frzi {1 holtin (2). | o '

Vert er ad geta pess ad rikjandi grédur & klapparholtunum

eru mosar og fléttur.

Grédurfarsliegar athuganirvmunu fyrst og fremst beinast ad

pessum grédurfélsgum bar sem meiri hluti landsins umhverfis
verksmidjuna er framrzst myrlendi eda rzktad land og pbess vegna
n&d ymsum breytingum sem erfitt yrdi ad adgreina fré& hugsanlegum
breytingum vegna verksmidjurekstursins.

Mosar og fléttur eru einnig mjog heppilegur grédur ef pad er

~ haft 1 huga ad fljétlega etti ad koma { 1j6s hvort einhver

skadvenleg loftmengun orsakast af verksmidjurekstrinum.

Pad verdur bvi ad teljast mikilvegt ad klapparholtin 1 nesta
nédgrenni verksmidjunnar £&i ad halda sér, svo unnt verdi med
sem mestri nakvemni ad meta &hrif verksmidjurekstursins &

néttﬁrlegt'grééurfar svedisins.
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Medferd hréefnis
Geymsla hréefnis

Allt hrédefni sem verksmidjan parfnast, b.e. kvarts, kol og
brotajérn, verdur flutt til landsins med skipum.

Vid uppskipun veréur efnid flutt med bilum % sérsfaka'hré—

efnisbingi sem standa munu évardir & verksmidjulddinni.

Talid er ad 1 Bandarfkjunum fari um pad bil 0.1% hréefnis
pessa iénaéar_sem,ryk 4t { andrtmsloftid vid méttdku og

geymslu.

Samsvarandi tdlur fyrir jérnblendiverksmidjuna & Grundartanga
yrdu 140-180 tonn 4 4ri. Hér er adallega um ad reda kol og
kvartsryk. Ad sj&lfsogdu hefur vedrédtta hér mikid ad segja.
Raki minnkar rykmyndun en vindar auka hana (1., 12.).

Kvartspvottur.

Naudsynlegt er ad pvo pad kvarts sem notaévveféuh { framleidsluna.

bPetta verdur gert med pvi ad sprauta vatni { gegnum kvartsid
{ sérsttkum sfum. Leir og pess héttar verdur sidan 14tid
setjast til 1 sérstdkum brém adur en pbvottavatninu verdur

hleypt til sjévar.

sidan verdur ad losna vid trgangsefnin ﬁr'prénum 4 einhvern

annan h&tt. Magn pessa firgangs er ekki pekkt (1.,12.).

Kvartsmblun

Mestur hluti pess kvarts sem notad verdur hér kemur 1 hefilegri
sterd, samt sem &dur verdur ad mala einhvern hluta bess.
M&lunin fer fram 1 sérstakri molunarstdd. Par mun eiga sér
stad allmikil rykmyndun, en allt bad ryk sem parha myndast
verdur leitt 1 sérstakar pokasfur pbannig ad ekki 4 nema

14ti11 hluti pess ad losna tt 1 andrtmsloftid (1., 12.).

Bl1ondun hréefnis A

sérstsk blondunarstsd verdur 1 verksmidjunni. Allmikid magn
af ryki myndast Shjékvamilega um leid og blondun fer fram.
Petta ryk verdur leitt I gegnum sérstakar sfiur & sama hatt
o0g rykid fra mdlunarstsdinni (1.,12.).



1.

Urgangsefni fré verksmidjunni

I jérnblendiverksmidjunni & Grundartanga er atluhin ad
framleida 47000 tonn af 75% kisiljérni, FeSi. Langstzrsti
hluti Grgangsefna fré verksmidjunni er svonefnt kisilryk sem
myndast 1 bredsluofnunum. Reiknad er med pvi ad 21000 tonn
af kisilryki myndist vid framleidslu & 47000 tonnum af

75% FeSi.

Auk ryksins myndast 4vallt eitthvad af brennisteinsildi (s0,)

. og kolsyringi (CO)_i ofnunum. Magn SOQ’fer eftir brennisteins—

innihaldi kolanna sem notud eru. . Ef notud eru kol med 1%
brennisteinsinnihaldi verdur magn S0, 80-120 kg/klst ad medal-
tali eda 30-40 ppm sem verdur ad teljast fremur hatt.

Kolsyringur (CO) s& sem myndast I ofninum etti ad brenna svo
til fullkomlega vid yfirbord ofnhledslunnar bar sem hann kemst
{ snertingu vid il1di og hitastigid er mjog hatt. Pad verdur
pvi vantanlega 11tid sem ekkert af CO sem berst Gt 1 andrtms—.
loftid med Gtblastri. |

Fastur firgangur annar en ryk er aztladur um 2300 tonn & &ri.
Hér er um ad rxda 1000 tonn af jérhblendi sem myndast ofan

4 ofnhledslunni en petta magn er talid ad unnt sé ad selja Gr
landi til m&lmbredslna. Pbau 1500 tonn sem eftir eru, ﬂéallega.
kerbrot og brot Gr ofnunum er ekki unnt ad. nyta og.veréur
pvi ad losna vid bennan firgang Gt 1 umhverfid.

Um magn eiturefna f pessum Grgangi er 1itid vitasd. Engar
grundvallarrannsdknir hafa farid fram & magni eiturefna til
demis cyanid sambanda & beim stddum bar sem bessi efni eru
geymd. T heimildum peim sem tiltekar eru stendur fullyrding
gegn fullyrdingu. Sumir telja pennan fGrgang algjérlega hettu-
lausan en adrir eru & gagnstedri skodun (8,12, 13, 14, 15, 26,
50, 52).

Svo vikid sé aftur ad vandkvadum sem 6hjékvamilega,skapa5t
vegna hins mikla. rykGrgangs fré& verksmidjunni (21000 tonn &
4ri), ber ad geta bess ad & Grundartanga er ztlunin ad nota
svonefndar pokasfur til ad fanga rykid fré& ofnunum.

Teknilegir ré&dunautar verksmid junnar fullyrda ad med bessum
hreinsgibtinadi megi né& 99% ryksins. bess ber ad geta ad hér

er 4tt vid pyngd en ekki kornafjslda.



HreinsibGnadur af pessari gerd ner best starstu og smestu
rykdgnunum en hefni tekjanna er minnst gagnvart kornum
af millisterd.

Ymsir hafa ordid til pess ad efast um hefni bessara hreinsi-
tekja og einnig ad gagnryna bad ad hefni skuli vera gefin
upp med tilliti til pyngdar ryksins en ekki fjélda‘rykkorna
af &kvednum sterdarflokkum sem sleppa (13, 26, 48, 51).

Midad vid pad ad 1% ryksins sleppi I gegnum pokasfurnar,
losna um bad bil 210 tonn &4 &ri Gt £ andrtimsloftid fré& verk-

smid junni & Grundartanga.

P4 kemur upp sG stéra spurning hvad gert verdur vid allt bpad
magn sem pokasiurnar n& ad fanga? '

Téknilegir rédunautar verksmidjunnar hafa skrifad undir
yfirlfsingu pess efnis ad ad minnsta kosti 80% ryksins verdi
endurnytt pad er sett aftur inn { ofnana og notad 1 stad kVarts,
en eins og gefur ad skilja byggist pessi mSguleiki & pvi ad
meginefni ryksins er kisilsyra (Si 02). ‘

Pessir sdmu menn telja ennfremur ad ef til vill megi n& bvi
takmarki ad endurnyta allt ad 90% ryksins (8, 15, 50). '

Pratt fyrir petta verdur bé ad losna vid 2000-4000 tonn af -
ryki & &ri fré verksmidjunni. ’

Uppi eru ymsar hugmyndir um pad hvernig best sé ad koma bessu
efni fyrir. Segja m& ad hest hafi borid tvo mdguleika 1
sambandi vid verksmidjuna & Grundartanga: ,

1) Ad losa rykid & sérstaka stadi { umhverfi verksmidjunnar

| og jarda pad bar. '

2) A3 reynt verdi ad komast ad samkomulagi vid Sementverksmidju
rikisins & Akranesi ad htn nyti rykid 1 sina framleidslu.
Talid er sennilegt ad Sementverksmidjan Jeti nytt allt
ad 7000-8000 tonn & &ri (8,12,15,26).

Prétt fyrir gefin fyrirheit um endurnytingu ryksins hafa ymsir
leyft sér ad efast um gildi bess.

Samkvemt norskum heimildum m4 telja fullvist ad afkastageta
verksmid junnar minnki um allt ad 8% ef til endurnytingar kemur.
Einnig er talid ad gadi framleidslunmnar minnki bar sem rykid
hefur ekki somu eiginleika og kvartsid (5).



P4 er einnig talid ad .endurngting muni leida til pess ad
mun meira verdi af pungmélmum I rykinu sem myndast.

Um magn bungmélma f ryki frd FeSi verksmidjum er mjog. 11tid
vitad. Pad hafa ekki verid framkvemdar margar efnagrelnlngar

& ryklnu.

Samkvemt helmlldum fr& E.P.A. 1 Bandarik;unum getur verid
um allmikid magn pungmélma ad rxda til demis var cadmiummagn
1 einu syni sem getid er um 100-1000 ppm.

Pad getur enda ekki talist 6edlilegt ad nokkurt magn bungmélma
sé 1 ryki sem pessu. Brotajérn inniheldur &vallt eitthvert
magn pungmélma. Par sem sudumark bessara mélma er yfirleitt
mun legra en hitastigid 1 ofnunum hljéta beir ad gufa upp tr
ofnhledslunni og munu b& annad hvort péttast utan um kisil-"
kornin eda berast beint upp Gr verksmléJunnl at 1 andrﬁmsloftlé
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Geldinganes - Grundartangi - Galtarlskur
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EPA-450/2-008-74%~008-May 1974
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submerged arc furnaces for production of ferroalloys.

Volume 1: Proposed standards EPA 450/2-74-018a.
Volume 2: Test data summary EPA 450/2-74-018b.
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a) Bréf til Idnadarriduneytisins 29.5.1974

b) Bréf til Heilbrigdis— og trygglngamélarééuneytls 7.5. 1974
c) Bréf til Heilbrigdiseftirlits riklslns 29.5.1974

M&lmblendiverksmidjan - Fundir med Union Carbide og EPA 1 USA
14.-17. jan. 1975. Sk¥rsla fré Steingrimi Hermannssyni.

Skyrsla um sama efni fré Eyjélfi Semundssyni.
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Spurningalisti fré& Heilbrigdiseftirliti rikisins til Union Carbide.

Sv6r vid pessum spurningum.

Bréf fré& undirbtningsnefnd mé&lmblendiverksmidju til Na&ttGru-
verndarraas, dags 28.4. 1975.

Fundargerd fré fundi verkefnisstjérnar”umhverfisrannsékna vegna
jérnblendiverksmidju fré 13.5.1975.

Bréf fré& Natthruverndarrédi til Liffrzdistofnunar vegna umhverfis—

rannsbékna dags. 5.5.1975.



18. Bréf fré& Natthruverndarriddi til Vidrzdunefndar um"orkuffekan
idnad, dags. 4.7.1973.

19. Bréf fré& Nétturuverndarréal til He11br1g615eft1r11t31ns, dags.
1 9.4.1975.
20. Fundargerd fré& fundi 1 undirnefnd um m&lmblendiverksmidju, .
dags. 29.4.1975 |
21. Fundargerd fréa 2. fundi verkefnisstjérnar 6.5. 1975.
22. Bréf fré Néttﬁruverhdérrééi til Idnadarréduneytis, dags. 9.4.1975

23. Skyrsla um heimsdkn til Norsk Hydro: Hjorleifur Guttormsson
og Vilhjé&lmur LGdviksson.

24. skyrsla fr& somu adilum (H.G. og V.L.) um heimsékn i ferromangan
verksmidju (Elkem—Spiegerverket).

25. Skyrsla fré somu adilum (H.G. og V.L.) um heimsékn % Llsta—élverlé
26. Rykid. HOEF. 6kunnur.

27. - Who is afraid of small particles?: Stanton S. Miller.
' Small particles in air pose a big control problem: Sheldon
K. Friedlander. '

28.  Skré yfir framleidslu og hréefnisnotkun verksmiéjunnar.

29. Control of emissions from ferroalloy furnace proce351ng

R.A. Parson,

30. Forurensningéproblemex*i norsk ferrolegeringsindustri: Helge
Fredriksen Xjemi nr. 1/1972.

31. Trace metal pollution in the environment: Robert E. Zee and
Darryl J. von Zehmden. Journal of the Air Pollution Control
Association, Oct. 1973, Vol. no. 10.

32. a) The Significance of Particulate Emissions: John K. Burchard.
Journal of the Air Pollution Control Association Dec. 1974.

Vol. 24, no. 12.
b) Emission standards for particulates:. George W. Walsh.
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Bréf fra C.R. Allenbach (Union Carbide) til Eyjélfs Sezmunds—
sonar, dags. 22.4.75

Federal register Vol. 39, no. 204, Part III -EPA- Ferroalloy
Production Facilities - Proposed Standards of Peeformance for
New Stationary Sources.

C.R. Allenbach - Efnagreiningér.

Upplysingar til Elkem—-Spiegerverket A/S - Bremanger Smelteverk
fré& Statens Fourensningstilsyn (Noregur - Roykskaderadet)

Efnagreiningar fré& Union Cabide.
Elkem Silica - Main components.

Gjenvinning af rokstdv fra apne FeSi og Si-metallovner.
Foredrag ved N.I.F.’s konferanse 16.12.74 i Sarpsborg.

Statens Naturvardsverk, Lars O. Schalin. Reserapport fran
bestk vid 8m&ltverken i Fiskaa, XKristiansand, Norge - etc.

Statens Naturvardsverk, Lars O. Schalin. S&rskild utredning"
om reningsanordninger vid smdltungar for tilverkning av kisel.

Forurensningsproblemer ved drift af elektriske reduksjonsovner
Aage Lomo.

Roykskaderadet 8.9.72 CX/mb. Myndlghetenes behandllng av ferroleg—af

eringsindustrien i U.S.A. og Canada etc.

Almennar uppl¥singar. Ferrosilikon, framleidsla pess, notkun

og markadur.

NLVF - Norges Landbruksvitenskaplige Forskningsrdd. Utredning
om bruk av Silica-stov i landbruket. ' -

Grein Einars Vals Ingimundarsonar 1 Morguhblaéinu 10. jan. 1975.
Grein Baldurs Johnsen I Morgunbladinu 18. jan. 1975.

Grein Steingrims Hermannssonar I Timanum 8. feb. 1975.

- Grein Valgards Egilssonar 1 Morgunblaéiﬁu 21. mars 1975.

Grein- Einars Valé'Ingimundarsonar 1 Pjé6dviljanum, 127 april 1975.

Athugasemd fré& Hjdrleifi Guttormssyni vardandi rannséknaréatlunina.vn



‘Heimildir um mengun'meé sérstoku tilliti til bungmllma og

brennisteinstviildis.

Heimildir per sem hér um redir eru ad mestu leiti fehgnar
bannig ad keypt voru 1jbésrit af voldum greinum & "The British
Library, Science Reference Library", en bar vann undirritadur
f 10 daga I lok &gfist 1975 vid Oflun upplysinga.

Eins og fram hefur komid 1 fyrri hluta sk¥rslunnar verdur ad
telja allmiklar 1ikur & pvi ad talsvert magn pungmélma losni
Ot 1 umhverfi verksmiéjunnar‘é Grundartanga. Par af leidandi
var 16gd megin &hersla & ad safna upplysingum um mismunandi \

. &hrif pungmllma 4 11 fverur.

Vegna anna vid synatéku a verksmiéjusvaéinu reyndist ekki unnt
ad eyda lengri tima en 10 dogum I bessa upplysingadflun. Eins
og gefur ad skilja b& er petta allt of stuttur timi til pess

- ad gera fittekt & jafn yfirgripsmiklu efni. og hér er um ad rzda.

Segja m& p6 ad tekist hafi ad fa allgott yfirlit yfir cadmium
og bly en minna um adra patti.

Hafa verdur einnig I huga ad hér er f morgum tilfellum um ad reda.
mjog sérfrazdilegt efni og pvi varla & feri eins og sama adila -ad
gera pessu fullnzgjandi skil. - - '

Pessum sidari hluta skyrslunnar er skipt nidur I fimm kafla:
Cadmium, bly, adrir bungmélmar, brennisteinstviildi'bg heimilda~

skré.

Kaflarnir eru banniguppbyggdir, ad fremst er stutt yfirlit um
helstu atridi en par & eftir fara 1jbésrit af titli og samantekt

hverrar heimildar.

Heimildum er radad pannig & kaflana ad bar sem einungis fjalla
um cadmium koma 1 kafla 2.1., um bly 1 kafla 2.2. Pzr heimildir
sem fjalla um adra pungmé&lma koma i kafla 2.3. i pessum kafla
eru einnig per heimildir sem fjalla um cadmium og/eda bly &samt
58TUm bungmélmum. Heimildir um brennisteinstviildi koma 1
kafla 2.4. einnigveru {1 pessum kafla tver heimildir sem fjalla
um melingar & magni ryks fré& FeSi-verksmidjum.



~10-—

Cadmium.

Med aukinni idnvedingu hefur magn ymissa bungmélma I umhverfinu
farid hratt vaxandi. Einn bessara pungmélma er cadmium. Bad
hefur lengi verid vitad ad cadmium mAlmurinn er mjog eitradur, en
bad er pd fyrst fyrir tiltslulega stuttu ad menn fara ad hafa
verulegar éhygggur af samsOfnun pessa efnis 1 umhverfinu. '

Pad mé& snga ad &hugi manna 4 1iffra611egum &hrifum cadmiums hafi
fyrst vaknad fyrlr alvoru begar fram kom sjtkdébmurinn itai-itai
1 Japan (petta er sjtikdémur £ 1ifur, nyrum og beinum).

Ranns6knir syndu ad pennan sjtikdém matti rekja til éedlilega
mikils cadmium magns f &kvednum likamsvefjum sjtiklinganna.
Sjtklingarnir &ttu pad sameiginlegt ad hafa dvalist lengi {1
cadmium mengudu umhverfi og lfkami beirra hafdi smém saman
safnad 1 sig allmiklu magni af cadmiuvm. Leid cadmiums inn £
mannslikamann liggur um meltingarferi og 6ndunarfari,,p.e.'ﬁr 1-_
fedu og drykkjarvatni eda Gr andrtmslofti. Vitad er ad margar.:
1ffverur, bzdi pléntur og dyr, safna cadmium £ vefi sina.

Plontur taka cadmium tGr jardvegi og er magn efnisins mun meira -

1 plontum &4 mengudum svedum en & Smengudum. I jardveg getur -
cadmium borist med jardvatni, Gr andrtmslofti og med &burdi.

Af bessu leidir ad raektun nytjaplantna t.d. hrisgrjéna og hveiiiSf'

& cadmium mengudum svedum er stdrvarasdm.

Styrkur cadmiums I dyravefjum er mestur £ 1ifur og nyrum par sem’
mélmurinn virdist vera bundinn uppleystu eggjahvituefni.

Skeldyravefir innihalda einnig oft allmikid magn af cadmium.
Athuganir & tilraunadyrum hafa leitt 1 1jés ad cadmiumgjsf veldur ,
ymsum breytingum & starfsemi likamans t.d. hekkar blédprystingur og
skemmdir koma fram & eistum, nyrum og lifur. | |

Athuganir 4 japtnum hafa synt ad cadmium sem safnast fyrir £
likamanum er { lang mestu magni f Ayrum og lifur (50-75% af
heildar cadmiummagni lfkamans).

Cadmium veldur skemmdum og truflun &4 starfsemi nyrna (proteinuria).
T tengslum vid petta er einnig talid fullvist ad cadmium valdi
breytingum & kalsium og fosférefnaskiptum likamans sem orsakar
minnkandi kalkmagn { beinum (osteomalacia). Blé6dsjtkdémar og'



-11-—

1ifrarsjtkdémar hafa einnig komid f 1jés hja tilraunad$rum og
ménnum., Sjtkdémar 1 Sndunarferum hafa einnig fundist (lungna-
bjfigur, lungnapemba).

bekking & hegdun cadmiums Gti f né&ttlhrunni er af mjog skornum
skammti. Gerdar hafa verid einstkar éthuganir & 1lifverum en
segja mé ad langtima rannséknir & hegdun cadmiums innan vistkerfis
hafi ekki farid fram. T. d. skortir ner algjorlega vitneskju um
bad 1 hve miklu meli cadmium safnast fyrir I fedukedjum. Talid
er p6 ad auvkning cadmiummagns upp eftir fedukedjum eigi sér ekki
stad 1 jafnrfkum meli eins og t.d. begar kvikaslifur & { hlut.
Astedan fyrir pessum mismun er fyrst og fremst sfi ad cadmium er
lausar bundid en kvikasilfur innan vefja lifvera.

Telja verdur mjog brynt ad afla nénari vitneskju um hringrés pessa

efnis innan vistkerfa.
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Chapter |

INTRODUCTION

The second edition of Cadmium in the Environ-

ment updates the earlier review on cadmidm
carried out under a contract (No. ('PA 70-30)
between  the  US. Environmentdl  Protection

Agency and the Departiment of Environmental
Hygiene of the Karolinska Institute, Sweden. The
the EPA. with modifications,
jormed the basis Tor the first edition of Cadmitim
wi the Eavironment. which was published by CRC
Press in 1971, The collaboration between the two
institutions continues (contracts 68-02-0342
08-02-1210) and has resulted in a second report to
the EPA in 19720 The project officer from the
LS. Environmental Protection Agency has been
Robert J. M. Horton, M.D.

catlier report to

The second edition of Cadmiun in the Environ-
ment presents and in some cases reevaluates all
infornution contained in the first edition. in the
LPA and subsequent findings.
published as well as unpublished, up 1o and
including part of 1973, Like the first edition, the
present work focuses upon information essential
1w the understanding  of the toxic action of

second report.

and

cadmium and the relationship between exposure

and effects on human beings and animals.

Through repeated personal contact with sevéral
Japanese researchers, including a 5-week visit to -
Japan by one of the authors (Dr. Tord Kjellstrom), -

it hus been possible to obtain and evaluate much
data from Japan which” would not have been
accessible otherwiseg Pupers published in )upul1ese
could be taken into uccount as well since Dr.
Kjellstrém speaks and reads Japanese.

We express our gratitude to the Environmental
Agency of Jupan, particularly to Dr. Yoshimasa

Yamamoto. Chief of the Section of Environmental .

Health and Public Hazards, as well as to the
Prefectural Institutes of Hygienc and Departments
of Public Hazards in Fukushima. Gumma, Hyogo,
Nagasaki. Miyagi. and Toyanti as well as the
Jupanese Association of Public Heulth. Valuable
information und assistance have been received
from several independent researchers. Kenzaburo
Tsuchiya, M.D., Professor of Preventive Medicine
and Publis Health, School of Medicine, Keio
University, assisted us in planning and executing
valuable visits in Japan,
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Water Risench Vol &, pp. 841 10 849, Pergamon Press 1974, Printed in Gireat Britain.

Helmlld nr. 2_

A FOOD CHAIN MODEL OF CADMIUM IN WFSTERN
- LAKE ERIE - :

ROBERT V. THOMANN
Assoc. Prof. Environmental Eng .md Science, Manhattan (,oliu'c Bron'c, New York U S A

DAN]EL S. SzuMsKI
Engincer, Hydroscience, Wesxwéod. New Jersey USA.

' ‘ DowiNic M. DiToro
Adj. Assoc. Prof. Environmental Eng and Scn.ﬂu,, Manhatt'm College Brom \’f‘w York U S A

- ,and

DoxNALD J: O'CONNOR,
Prof. Enviroamental Eng and Science, Manhatian Collee.., Bron). New York U S A

(Rccvived 12 January 1974)

Abstract—The simple food chain model illusuated here could prove useful in large scale planning
dpplmmn:. prov ided additional data are collected on the various trophic ievels: The model demoristrates -
the increase in concentration of pounuall\ toxic substances, such as cadmiun. as one proceeds up the .
food chain. The food chain maodel also illustratés how interactive modeling between. complex :pon-
linear and lincar compurtment model can be accomplished. The problem- of verification and data
availability are highlizhted by the model: estimates of wansfer rales and biomass ‘of. di flerent tmphu S
levels must be on hand. This model therefore is an “example of a modeling structure that is.sull inan 7. -
early stage of cevelopment; hence the reliance on. lineac: kinetics rather than’ p0551bh more realistic
non-linear niechanisms. Nevertheless, the spatial-trophic level structure of the model mdu._nc" the
general behaviar of a xant sich as cadmium whcn rekas d into rhe wau.r c.mlro.xmum L

Yater Rescarch Vol. 8, pp- 23 to 30. Pergamon Press 1974, Printed in Great Brimin'
: - Hé,imild ni‘. 3.
THE CHEMISTRY OF CADMIUM IN NATURAL WATER—I

A STUDY OF CADMIUM COMPLEX FORMATION

USING THE CADMIUM SPECIFIC-ION
ELECTRODE - . . |

J. GARDINER
Water Pollution Research Labomtor), Depariment of the an1ronmcnt Sl\.venage Lngland

(Rucw’ued 16 June 1973)

Abstract—The extent of formation of lubile complexes of cadmium has been investigated in synthetic
solutions and in real sumples. A substantial proportion of the total cadmium in river and lake water will
usually be present as the free cadmium ion, and this propomon will be larger the lower the pH value
and the lower the proportion of sewage efiluent present in the water. Humic substances usually account for
most of the complenation, followed in importance by carbonate. the complex of which with cadmium has
not been 1'eporttd previously. . '
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Wirter Rosw ok Vb 8, ppe 137 10 164 Pergamon Pross 1974 Printed in Great Britain,
Heimild nr. 4

THE CHEMISTRY OF CADMIUM IN NATURAL WATER—IL
THE ADSORPTION OF CADMIUM ON RIVER MUDS
AND NATURALLY OCCURRING SOLIDS

J. GARDINER

Water Pollution Research Laboratory of the Department of the Environment,
Stevenage, England

(Received 24 September 1973)

Abstract —The adsorption of cadmium on mud solids and particles of clay. silica. humic material and
other naturally oceurring solids has been studied. Radiochemical methods were employed so_that cad-
miur concentrations in the g [~ range could be used. The variation of the extent of adsorption with
sany of the furge number of fuctors involved was investigatad, concentration factors (distribution coeffi-
cients) were determined. and in the course of the work, loss of cadmium by adsorption on container sur-
faces and filters was investigated. '
Rates of adsorption and desorption were shown to be rapid. Conceniration factors for river muds varied
between 3000 and 30.000 and depended mainly on the type of solid, its state of subdivision, the con-
centration of metal ion present, the time of contact and the concentration of complexing ligands. Humic
material appeared to be the main component of river mud respansible for adsorption.” Adsorption and
desorption processes are likely to be major factors in controlling the concentration of cadmium in natural
waters and will tend 1o counieract changes in the concentration of the metal ion in solution. .~~~

Aust. J. mar, Freswat. Rc;.,‘i‘i9'7}4,- 25,97-104 -

Heimild nr« 5.
Toxicity Bioassays of Cadinium on Selected Freshwater

Invericbrates and the Interaction of Cadmium and Zinc -
on the Freshwater Shrimp, Paratya tasmaniensis Riek -

V. J. Thorp® and P. S. Lakc®™*

A Department of Zoology, University of Adelaide, Adelaide, S.A. 5000. _
B Department of Zoology, University of Tasmania, Hobart, Tasmania 7000. ‘

Abstract

In acule toxicity bioassays with cadmium sulphate at 15°C in soft water (total hardness 10 mg/l
as caleium carbonate), the concentrations fatal o 50% of the test animals were determined for five
freshwater invertebrate species. The 96 hr median lethal concentration (LCS50) of cadmium. was
0-04 mg/l for the amphipod Austrochiltonia subtenuis Sayce, 0:06 mg/l for the shrimp Paratya
tasmaniensis Riek, 084 mg/l for the ephemeropteran nymph Aralophlebia australis Walker, 250 mg/l
for the zygopteran nymph Ischnuwra heterosticta (Burmeister) and well over 2000 mgf! for a trichop-~
teran larva of the Leptoceridac. The bioassays on Paratya indicaced that there may be seasonal
differences in sensitivity to cadmium. The 96 hr 1L.C50 for zinc for Pararya was 121 mgjl. Zinc and
cadimium appeared to interact less than additively at concentrations below 1 toxic unit. Above
this concentraiion, their interaction was strictly additive.
’

v . 3 .
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The Effect of Cadmium on Population Growth
of the Green Alga .Heimild nr. 6
Scenedesmus quadracauda S

by Evan Krass, DonaLp W. Rowr, and Epwarn J. MASSARO

) Department of Biochemistry :
State University of New York at Buffalo
Buflalo, N.Y. 14214 .

Increasing industrial utilization has led to
"increasing levels of bioavailable cadmium (Cd) in the-
environment (Kopp and Kroner, 1969; Lucas et "al., . -
1970; Uthe and Bligh, 1971). The United States De- -

" partment of Health, Education and Welfare has set the.
acceptable upper limit of Cd in drinking water at 10
ppb. This level is exceeded i1n many municipal water ' .
supplies (Flick et al., 1969, Kopp and Kroner, 1969;
Durum and Hem, 1972; Cheremisinoff and Habib, 1972) -
and natural water bodies (Taylor, 1971; Kobayashi, -
1972; Piley and Taylor, 1972; Abdullah et al., 1971;
Ritchie, 1973). Moreover, Yamagata and Shigematsu
(1970) state that even if Cd is undetectable in ‘the
water phase, large concentrations may be found in -
suspended particulate matter and sediment. =~ - -

Little information is available regarding the
‘effect of Cd2* on aquatic plants, particularly at the

_primary producer level. Cadmium has been found to
accunulate in the Southern Naiad Najas quadulepensis
(Cearly and Coleman, 1973). At a concentration of’

7 ppb, exposure for 21 days resulted in accumulation

of 7.1 ppm (r g Cd/g ashed tissue). At concentra- ' :
tions of 90 and 830 ppb, tissue concentrations of -
4357 and 5429 ppm were attained., Witkamp et. al.
(1971) reported that 115Cd was rapidly sorbed (5- ,
15 min) by algae (species not specified) and that the .
concentration factor for 115Cd was approximately 1000,

Herein, we report preliminary observations.on
the toxicity of cadmium to the freshwater alga Scene-
desmus quadracauda. - S ‘

‘Cadmium Accumulation in Rat Liver -

~ .

Anthony V. Colucei, ScD; Dennis Winge; James Krasno, MD- =
in the liver indicated the 'ﬁ‘l_émtgl-f\ﬁés» pound
toc a soluble pro!ém, and that the amount

“The biochemical accumulation and
clinical pathological conditions Induced

by intraperitoneal administration of cad-
mium was studied in Sprague-Dawiey
rats. Injected doses of cadmium ranging
from 0.5 to 3 mg/ ki of body welght were
administered. Distribution studies of Cd

of metal present Increases with increas- -

ing dosage.

The pathological changes were found
to correlate better with hepatic concentra-
tion of metal than with the injected dose.
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“stage of the life cycle (BRUNGS 1969). -

,'Cadmium andZinsvc‘ 5
in Pregnancy and Lactation

Heimild nra. 8

Cadmium Toxicity and Bioconcentrationin "
Laregmouth Bass and Bluegill '
by s

Jack E. CearLEY* and RonaLp L. CoLEMAN

Depurtment of Environmental Health
University of Oklahoma Health Sciences Center
Oklahoma City, Okla. 73190

Cadmium is one of the heavy metals of current interest in
environmental contamination, primarily because of its highly:
toxic properties, its common occurrence in industrial discharges,
and its existence in natural waters as a very high potential = o
pollutant (BOWEN 1966). In addition to the direct toxicity of
cadmium to fish, another and possibly more serious threat exists - - -
through the ability of these organisms to concentrate this metal. - . ..
For example, an adult organism may accumulate a quantity of metal’ -
that does not cause death, but may be deleterious to some other

The purpose of the present study was to detect and evaluate
the effects of subacute exposure to cadmium in the largemouth
bass and bluegill. Evaluation of toxicological effects was
based on observations of behavioral effects, rate of growth,
survival, and tissue and organ accumulation of cadmium. -

’

Sumﬁarz

The exposure of juvenile largemouth and bluegill to -cadmium
(0.0005 to 0.85 mg/liter) resulted in accumulation of_thngmeta1J
in concentrations greater than those of the water. The quantity.
‘of metal accumulat d increased as the exposure concentration. ..
increased. An equilibrium developed between the concentrations:
of the metal in the water and in the -tissues after approximately.
2 months. Metal accumulations on the bass .tissues were higher .
in the internal organs, followed by the gills and:the remainder
of the body. e e A T

The bass were more sensitive to cadmium than the bluegill;
Abnorma) behavior patterns observed in both species suggested.
that the nervous system was the site of .damage. o

Ojars J. Lucis, MD, PRD; Ruta Lucis, PhD; and
Zahir A. Shaikh, PhD, Hdlifax, Nova Scotia, Canada -

~ Radioactive cadmium (10°Cd) and zinc (652Zn) " -
" 'were injected subcutaneously into pregnant rats.
More cadmium than zinc was found in the pla- - .
cenlae. Afier birth, newborns showed detectable .-
109Cd only in liver, gastrointestinal {ract, and in .
the brain tissue. Zinc 63 was present in all new-
borns' tissues. During lactation, highest output

of 65Zn was in colostrum and, on subsequent

days, ¢52Zn in milk declined rapidly. Cadmiunt
109 in milk was present in low concentration

throughout the lactation period. Rats. Injected

~with 100Cd and Zn aller parlurition  excreled-

these isotopes in milk in a similiar pattern. New--
borns nursed on radicactive. milk' showed ‘rapid’

absorption of .5Zn, .whereas 190Cd accumulated .

primarily in the intestinal tract; a lesser quantity

of 100Cd was deposited in~the liver. in other-

organs, only 65Zn was found, The lactating mam-
mary gland contained more 109Cd. than' $5Zn;

- after lactation, 63Zn was depleted, whereas 100Cd.

remained in mammary tissue, .- " ¢

i
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Cadmium-Binding

in Human Liver and Kldney

Tore L.M. Syversen, MSc -

Autopsy specimens of liver and kidneys

from 40 patients have been analyzed for -

cadmium and zinc. Sephadex chromatog-
raphy was performed on soluble extracls
from these tigsues. in samples from 19
patients a cadmium-binding protein was
found.

" The mean cadmium content of kidney In

this group was higher than the corre-
sponding value for all 40 patients, A
rolacular welght of 10 to 12,000 was esli-
mated for the cadmium-binding protain by
Sephadex chromatography. Isoelectric fo-

using resolved two peaks with p! 4.8 and

Heimild nr. 10

pl 6.0, “the ODW/OD"‘,ratIo for both peaks

being about 5.
These data Indicate lhat humans withs -

. out known occupational exposure 1o cad-
! mium do have a cadmium-binding protein

simllar to metatlothlonein in their Iiver and

_kldney

€ s e e M e e ALY o okt A RIS VAT, TS R W X

Matt K. John,! Cornelis J VanLaerhoven, afid Hong H. Chuah
Rcsulrch Branch, Canada Departmeiit of Agriculture, Agassu B.C, Canada )

& For a set of 30 surface soils, addition of 50 mg of cadmium,
from CdCls, to 500 grams of soil reduced yields and sharply

. increased cadmium levels in analyzed portions of radish and-

lettuce plants when compared with those plants grown on
control soils. For the treated soils, plant cadmium was signifi-
cantly Telated to cadmium extracted from soil by heutral N~
ammonium acetate. The N HCl and N HNQ; extractions did
not indicate plant aviilability but removed most of the soil’
radmium. From among 18 potential independent variables,
stepwise linear regressions to predict cadmium found in plant

.parts harvested from treated soils included a measure of the

relative ‘ability of soils to adsorb cadmium, acetate-soluble
cadmium in the soil, soil reaction, and organic matter . as
significantly contributing independent variables. Plant cad-
mium levels were significantly correlated with amounts of Ni,
Fe, Zn, and Cu in the same plant portion.

. 500 grams of soil, the cadnmium concentrations in:the edible”

Among studies of factors influencing the aséimilatioh of
heavy metals by plants, investigation of cadmium uptake may'
be most important. The cadimium content of treated soils in,.
this study exceeded levels which occur in surface agncultural'
soils. John et al. (1972) found cadmium content of 33 such
soils averaged 0.88 = 0.79 ppm HNO;-soluble cadrmum an
ranged from undetectable amounts to 4.67 ppm.  However,
localized contamination of soils ‘attributed to agricultural’
chemicals or metallurgical and other industrial sources could,”
and are shown to (John et al., 1972), attain the level of soil-
contamination studied. When 50 mg of cadmium was added

portions of radishes and lettuce harvested from.30 dlﬁlrenl"
soils averaged 387 ppm and 138 ppm in dry tissue, reapeu-‘-g-*
tively. The allowable level for foodstuffs, arbitrarily set al. - -
0.5 ppm of cadmium on a wet-tissue basis, may be exceeded

ceasily when certain soils are contaminated. Resuits of this- -
study indicdted that the cadmium pollutant may readily be
taken up from the soil and may result in potentially hazardous S
accumulation of cadmium in plants. Besides its effect on the

-cadmium levels, the treatment produced toxxcxty symptorm Lo

and reduced yields. :
The cadmium content of plant parts was relate,d to amoums S
of exchangeable cadmium in the contaminated soil (measured - ;
by extraction with normal ammonium acetate) rather than 19
total amounts of cadmiurn added to the soil (estimated closely
by N HCl and ¥ HNO; extractions). The ability of the sotls 10
adsorb cadmium was inversely correlated with plant cadmivm
levels arid was the most important single factor in explaining
variations in cadmium in radish plant parts. Increased scil
acidity was associated with higher plant levels of cadmum
while increased organic matter content provided added -
pacity for adsorption of cadmium by the soil and was therefors
related inversely to cadmium in the plant parts.
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. ..HélilidAn;;:j»
CADMIUM BIOLOGICAL

EFFECTS AND OCCUBRENCE‘ INV'
THE ENVIRONMENT "

David- W, Fassett : v
Consultaitt, Envnronmental and Industnal Toxlcology, Drakes Island Welis. Mame 04090

Itis only in recent years that there has been concern w1th cadrmum as an uivxron
mental contaminant. Although the acute toxic properties of the soluble salts-wer
known over one hundred years ago, the total usage was small, mainly as msolubl'_
" pigments. The recognition of its valuable metallurgical properties, such as COrrosi
resistance, led to increased metal production after 1910 from about 100,000 Ib Pér
year to 31,000,000 Ib per year in 1968. Exposure of workers to the fumes of theoxide: ’
was recognized to be the cause of an acute and sometimes fatal pulmonary edema\
In 1950, Friberg (1) called ; attentlon to renal disease and emphysema in workers
exposed to cadmium oxide dust over long periods in a battery plant ‘About this time
Japanese physicians were studying a unique disease in elderly women who. had borne
many . children. The disease was characterized by osteomalacla, 3
glycosuria. These women had lived for many years in‘an area contammated by mme
drainage, It was concluded that the disease had been caused by a greatly increased
intake of cadmium and possibly-other metals in water and rice, plus alow calcm
.and Vitamin D intake, stresses of pregnancy and lactatnon, ete, ’I‘he dlsease was
 reported in the English literature about 1969 by Tsuchiya (2). and was caIIed Itai-Itai
(ouch-ouch) disease, because of the severe bony pain.. -~ .
In the meanwhile, biochemical and toxicologic studies had shown that th
small amount of cadmium (Cd) normally absorbed tended to be retained for- long
periods, particularly in the kidney, and pxotemuna was noted when kldney concefis
trations reached a certain level. The discovery of a specific Cd-and Zn bmdmg
protein in the liver and kidney and of various interactions between Cd,’ Zn, and Cu
led to.a great interest in cadmium toxiocology and to conslderatlon as, to the role
it might play in diseases such as hypertension,
As a consequence of all the above complex and mterestmg ﬁndmgs, a very l'v rge
literature 6n cadmium has appeared in the past few years. Much of it has,app,e‘ared .

;425
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_ DISCUSSION AND SUMMARY.

Rehable estlmates of typical cadmium concentratmns in. plan
tissues are difficult to make because of the great. varlablhty ‘
" cadmium content among the different plant species and plant or-
gans. Moreover, reports in.the literature use different bases: for .
computing cadmium concentrations in - plants..For example, :
Malyuga (1964, p. 15) gave the cadmium concentration in- ‘plant’ ’
ash but did not give the percentage of ash obtained from the dry:
tissue; Schroeder and Balassa (1963) gave cadmium values based
on the wet weight of vegetables but gave neither the percentag
of water nor the percentage of ash in the samples, and Hanna.anq
Grant (1962), among many others, gave cadmium concehtrations:
on & dry-weight basis but did not give the ash yield of the samples
Data on cadmium in plants that are presented for.the first:tim
in this report include cadmium concentrations in both ash and, dr
tissue, or give the concentrations in ash and the ash yield of. ‘the
dry material with an equation that can be used to determme ap
proximate cadmium concentrations in the dry tissue. - i
Another source of 1ncons1stency in the reported- data -on cad_
mium in plants is the difference in methods of analysxs that: ‘Wwer
used to obtain the data. Methods that were used included. acid:
" digestion and atomic absorption, acid digestion and polarogr'zipll .
X-ray emission, neutron activation, and ashing by ‘heat’ followedi
by emission spectr ograph1c analysis ‘of the ash. Some: reports do,‘
not specify the analytical method that was, used “This. report does'
not attempt to judge the relative accuracy and prec1s1on nal
~ yses determined by these different- analytlcal methods._
To summarize data from the numerous reports of cadmxum in
"plants, a table has been prepared that gives estimates of. cadmlum-
concentrations in plants or plant- parts from enVIronments pr
sumed to have the normal low levels of cadmlum, and-in:tho
from environments reported to have greater than normal leve
-of cadmium (table 3). Because most reports give. cadmlum on’'a
dry-weight basis but do not give ash we:ghts, the data from oth
reports were converted to parts per million in’ dry plant materia
Some data 'based on ash weight, but: w1thout the ash yleId being.
given, were converted to approx1mate concentratmns in dry Welght
by assuming a reasonable ash yield for the partlcular kind of plant,
tissue that was analyzed. In instances of conflicting data, personal
judgment was used in selecting- the data to include in'the table.”
The values given in table 3 must be used with cautmn in e alu—
ating specific problems of cadmium- content . in ‘plants, The
gories of plants and plant parts used in this tabl ere;
necessity, often very broad and doubtless included. certam' pec1es
or varieties and plant parts whose normal cadmmm content differ
greatly from the value given for the category It should b not:
that some of the cadmium values in the table were’ based -on _very.
‘few samples. Furthermore, for some kinds of plant mater1al5, the
cadmium concentrations in the- envxronments “where. pla
grew were only loosely characterized, or. were® unknown
Concentrations of cadmium'in Spamsh moss can”be: used
give estimates of the relative amounts of airborne. cadmxum
different localities within the regions where ‘this. plant oceurs,
Samples that contained the highest concentratlons ‘of - cadmlum
were from locations where greater than- normal levels of cadmium
in the air were expected to occur as a result of mdustmal domes-
tic, and vehicular emissions. In contrast, samples that contamed
the lowest concentrations were from. locations apparently - remote
from sources of significant cadmium pollution.: Samples: havmg
cadmium concentrations in the central range of" values could’ not
be adequately evaluated without more detalled studles of: the en-
vironments from which the samples came. PR '
The yield of ash obtained by burning Spamsh moss plants pro-
vides an estimate of the relative total partlculate contammatlon
of the air at the different localities where the samples ‘rlgmated’
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TABLE 3. — Estimates of cadmium concentrations (parts per m’tllzon an dry
material) in some plants and plant parts :

[eoeenne , no data available; <, less than the value stated]

Reported or estimated cadmium concentrations,
or ranges in concentrations :

Kind of plant or plant part pi?gg!g;g?;rl?:::ﬁg hz{\i‘xtﬁi}‘;:gg{gf?}t&n
normal cadmium normal cadmium
levels levels

Marine algae........oocoooiiiiiiiniien e, 0.1-1  eeneeens
Mosses (bryophytes)...... . 0.7-1.2" » . 8-840
Lichens (fruticose type)... 0.1-0.4 1
Grasses. . ..ccoeeeeeeeciorennn, 0.03-0.3 0.6-40
AlLAlfa. e 0.02-0.2 *0.2-2.4
Grains: o

Corn (Ze@ MAYS) oo, 0.1 2

Rice (polished)............... e e . 0.5

Barley, wheat, and oats 0.1-0.6 *0.1-1.5
Vegetables:

ASPATagUS..cooiiieeeeee e eeeens ) 8

Beet root..... . .05 024

Cabbage leaves - .05 - 6-12

Carrots............. . <.35 -8

Chinese cabbage o e ’ 41

Em:plant fruit... 8

Leafy vegetables used as po

ovr salads. ... 3-50
Leeks........... 14
Lettuce..... 4--16
Potatoes... 0.6-2
Spinach......... . 0612 o
TUrNIP Y0OS. e 5

T UVES e ’ 15
TOMAtOES...viieee e, . 2

Trees, deciduous: . i
LieaVEeS ..o 0.1-24 C 4-17 .
Stems (branches) ...ooooooeveoeevecnl] . 0.1-1.3 ) 0.14-1.5
Trees, coniferous: . : o o
Leaves.......c.......... it - 0,1~0.9 0.05-1-
Stems e e e -0. 03-1 5
Epiphytes (Spanish moss) ..ccocvennoo.. . 0.1
Floating aquati¢ plants (duckweed)......... ... Co 17
Marine flowering plants (Zostere . } . . SR
MUEP TN oo eeeeeese e aon 0.23 : Creegeiis

!0riginal datu given in wet weight; converted to concentration in-dry materinl by nssummg
206 percent water in original sample, o
#Originul data given in wet weight; because the water content of grains is very low, thcue .
values were not converted to a dry weight basis. . PRI

Excessive contaminati on of the plants by pa‘rtichlate soil materidlé
reduces the reported cadmium values in the plant ash, whereas if .

the particulate material originated from combustion of hydrocar- L

bons or from certain industrial processes, increased surficial con-
tamination is thought to increase the reported cadmmm values m
the plant ash. S '

CONCLUSIONS

Cadmium in low concentrations most likely is a normal const1tu~
ent of all plant tissues. The concentration in the tissue is deter-

~ mined by the inherent ability of a plant species to absorb cadmjum

and by the cadmium concentration in the environment. At low
levels of cadmium in soils, differences in cadmium content among
plant species commonly are greater than differences in amounts
of cadmium in the soils where the plants grew. Beyond certain
background amounts of cadmium in soils, the cadmium content of
plant tissue-tends to increase with increased concentrations of
cadmium in the soil.

Airborne cadmium, originating in emissions from the combus-
tion of hydrocarbons or from certain industrial processes, may
enter the soils and be absorbed by plants, or may be deposited on
the surface of plants in particulate matter, until very high levels
of cadmium are accumulated by the plant. There appears to be no
natural means by which cadmium is eliminated from plant tissue,
and no cultural practice has been found effective in reducing or
preventing the absorption of cadmium by plants.
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bounded on the east und west by the typically low to
medium values - of the Atlantic Coastal Plain
region—a pattern characteristic of most metals in
soils (Shacklette, Hamilton, and others, 1971, p. D6).
Areas having. high values are apparent in the
Appalachian Highland region, in Nevada, and on
east-west routes across the central part of the
Cordilleran Mountain region. .

Because lithium has many industrial uses,
contamination of soils by this element may be
expected, Lithium-type greases, for example, are
widely used on industrial and - agricultural
machinety, The United States produced more than
200 million pounds of these greases in 1958.
(Kolfenbach and Morway, 1959, p. 22). Bradford
(1966, p. 221, listed and discussed practices which
may produce lithium toxicity as follows:
“Acidification of some neutral or alkaline soils;
irrigation with water containing lithium; and
contamination of soils or irrigation waters from
industrial wastes containing  lithium. The
pruduction of - lithium and its compounds has
increased enormously since thie development of
atomic energy, and consequently these materials are
finding many valuable applications in science and
industry.” He stated further . that lithium
compounds are used in the rubber, ceramic, and
cement industries. :

*  CADMIUM
ANALYTICAL METHOD

The. procedure used for cadmium analysis is an_
adaptation of the method described by Nakagawa
and Harms (1968). Tiuasfera 1-gram dry sample into
a4 20x200-mm pyrex culiure tube. Moisten the
sample with water and place a 1-cm teflon magnetic
stirting bar in the tube. Add 5 ml HNO,and boil and
_stir the sample for 20 minutes. Wash the tube walls
with approximately 10 ml of water and boil the
sariple for an additional 10 minutes. Remove the
tube and cool the sample, then dilute thesampletoa

TabLe 2.—~Location and description af sample sites where surficial materials comumed measurable amounts of cadmtum
and the cadmium concenlration measured, in parts per mzllzon o

‘using a wavelength "of 2,288 ‘microns: Other

. oxidizing flame and a lammar smgle lot burne 10.
. cm long. o

_atomic
. concentrations of calcium are known o 1nterfer

. dissolution and adjustment to pH 8 with NH,0H

~acetate made to contain ‘2 percent:2-mercapto

_ were determined to be less than'1 ppm.. The location

-materials

.normal intakes and the movements of .cadmium from soils and.

final volume of 20 ml. Measure the cadmium content.’
of the sample.solution by aspiratingpart of the,
solution into_an-atomic-absorption: spectromete

instrumental parameters include. an: ‘air- hydrogen:

All samples in thlS study were scanned by use of
the HNO,; atomic-absorption ‘method. - A’ fe
samples contained Iarge amounts of calcium; thes
samples were analyzed also by.an orgamc extraction
absorption ' -procedure  because hig

with the determination of cadmmm Thls extraction
procedure, . developed by Cahill, consists ‘of HNO

The cadmium is then extracted wuh 10ml of n-butyl

benzothiozol (MBT Measure the cadmium content;
of the organic phase by atomic absorpuon using an;
air-hydrogen flame and the prevxously mentioned
instrumental parameters. The Iowex detecnon limi
of tlus method is 1 pprn :

RESULTS or ANALYSES

‘Because of insufficient sensmvny (l ppm) ‘of th’
analytical method, cadmium concentrations. coul
be measured in only 11 of the 912 samples analyzed
Cadmium concentrations in. the: other 901 sample

and description of sample" sités: where. surf1c1a
contained | measurable _amounts
cadmium, . and : the.: cadmlum ‘_concentr_auon
measured are given in table 2 R o

DISCUSSION
Underwood (1971,:p. 470) stated

Data on the sources of cadmium e man and domesm ammals ar,
exceedingly meager. The factors that alfect-the magnitude o

planta to animaly and nian have also been little studied, Thisisa
senous gap in knowledge, in view of the geographlcal dlfference

Sample No. Stie Couny Locality and deseription of sample =~ . %.‘:'::‘:3’,

GC 22, OChio.... Auglaize.., - LS. Highway 33 1 mile northwest of Lakeview; brown siley loam, cultivated... Lo
0564 .. Wisconsin Polk State Route 85, 2 miles south of Luck; yellow sandy Joam 1
02 .. Caltforimia,..a. Kern..., _]nm}l*ulm of Staie f{ouu 33 and uxmumlxud road, 10 miles nosthwest of Bution W:llow. 1

1011200 sai L

1521 . Texas Harns 1.8, Highway 90, 2 miles east of Addicks; dark altuvial clay. s [
1558 .. Kansis councinne Bourboh ..n .S, Highway 54, 10 miles west of Fort Scott; dark pritiric soil over limestone ... e 15 °
i851.. Colonde Mufhl 11.5. Highway 40, 8 miles east of Massadona; browa clayey silt . |
1915 .. New Mexica.. 1.5, Highway 70, 18 miles southwest of Roswell; very dry tan soil with’ many chere [ 15 -
2427 .. i Juncrion of U.S. Hu,hw.:y 40 and Suate Rouse 20, near Cisco; B horizon soil ..... | S
2431 . 1.5, Highway 101 w1 State Route 152 exit, Gilray: B horizon soil 10
2674 .. State Route 87, 1 mile south of Groton; gray-motled B horizon Jacusivine clay, in grassland 1
2706 .. In Lassen Volcanic National Park, 3 miles southeast of Mananita Lake; B horizon soil ]
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"~ in human renal cadmium levels ar‘{&'their'ihereése—mka'ge,mthe’
toxicity of this element, and the possible association of cadmium.
with human hypertension. The interactions of cadmium with
zinc, copper, iron, and selenium also indicate the need for more
information on sources of cadmium to man and animals. '

Cadmium concentrations in . various plants,
including food plants, were given by Shacklette
(1972). Analyses of cadmium concentrations in soils,
have been hampered because of  insufficient
sensitivity of available analyncal methods:. The
concentrations commonly found in ordinary soils
are at or below the detection limit of the methods tha}tl
are used. Swaine (1955, p, 20) wrote: “It is unlikely
that normal soils would contain more than c.[circa] 1

ppm Cd.” Vinogradov (1959) gave 0.5 ppm as the :
“average’’ concentration of this element i in soils; the
same value was given as a “suggested’” average by

- Warren, Delavault, and Fletcher (1971, p. 2).

cadmium concentrations in upper ‘and lower soil

horizons from the Helena Valley area, Montana, -
where polluuon from smelters is widespread.. In -
regard to soils just outside the immediate’ Helena -|.
Valley area they stated: “The mean is estirnated o be’

approximately 0.8 ppm, and the range is from less -

than 0.5 to 2 ppm.” Within the Helena Valley areaﬁ v
| by the results ‘of Mlesch and Huffman‘(1972)“ “whi

they obseived that:

;-u szm A

" ""The highest cadmium content was found in’ soils eollecied near .

" theupper 4-inch soil layer, like the lead and zinc coritent, ‘decreases -
- beyond a distance of about 5 miles from the stack were found 1o~
. contained in smelter stack emissions is less widely dlspersed than :

. " lead or zing; cadmium is more difficult to assess because it'is. less"-
" abundant. The cadmium content of soils couccted ata depth of6:.

- cadmium in soils as
' prospecting.

. - the very few reported cadmium. values; leewise, the:
Miesch and Huffman (1972, p. 76-77) reported_. ,

~  Fletcher (1971), cannot be evaluated by using ou

* study, The depth at. which. these samples : were

the smelter stack; approxxmalely 150 ppm cadmlum was foand i 8
. samples” collected from the upper 4-inch soxl layer- 0.67 mile
northwest of the stack along traverse C. The cadmlum content of

systematically with distance from the stack, but no soils taken”

* contain more cadmiiim than:those soils sampled outside thig"
" Helena Valley, This does not necessarily mean that ‘cadmium .

"to 10 inches is one-fifth to one-temh of that in soils of the upper 4-.
-inch layer, indicating Lh.u the chemical mobxluy ‘of cadmium i in’..
the soils is somewhat greater than thatof lead, but less than thatof -
. zinc. This is in accord: with the: obacrved general behavxor ‘of .
eported from studxes m geochcmlcal f

- In the present study, regmnal trends in cadmlum‘
concentrations in soils cannot be: demonstrated b

‘--‘gverage" soil cadmium value of 0.5 ppm, as given |-
by Vinogradov (1959) and by Warren, Delavault,and.

“data because of the hmltauon in sensitivity -of the
. analytical method that’ was used for samples i m this

. collected (about 8 in.) most likely: precludes airborne:
-industrial contamination of most samples, if judged

(’HROI‘DER.

Senesner, oA asn W, L \1\:'10\' ]R H\/u'r(f‘mm
cedd inorats iy sl doses of u}mu‘mu, Am. ], Physiol. 202(3)+
Ai5-30_taias Femald vais onacadmium-free diet ex-
hiil Hictuating svstolic hypertension when given cadmium

,‘mih
L chrinhing wawr e subitaxic ovels (5 ppm) from the time of

weaning e i8aeage davs, Relatively small d(.cumul.mons of
cadmiun in Kidney and fver were present, and hypertension
was the anly siva of sieine, Male ras failed 10 show more

d whuhu ngcn cadmmm [o)

Cant The puwuw a ceviuni-iind rln hy pertension dt these!

(.uu(‘ 'nu dUun\ de m.l
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1 fllus of Acute and S
ch.m. Mumbollsm m Mlm.. (JuAmUA/,

Acmlmmm .Mmu. (2.0 6.
'-mtulx.mnccm intact mice, Athuﬂkuomy prwe 1
but not the: glucose intolerance.. Glucose intolerance.is
dcgn.'md p'mucutu, seeretor Y activity as md-.ncul bv
_genie indices'in Cd- treated mice. The administratior of
“daily for 14 days produces toleranee (0 Cd-inchuced hvpu"lyccmm. Ih«. :ub«
“acute reatment did ot produce changesin resting blond ¢ g,luco% levels, nor
'_'"dxd it produce a decrease in glucose toluanw ‘A significant. re liction
“circulating seruny insuiin was. detected alter-subacute Cd- ddu ms{mt:on‘
CIvis suspected that a ‘Cd-induced decrease in renal thrcshold 10
. : nmsks xhu eflect o[ Iowun,d serum msulm wncentmuom.
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AHIBITTON BY CADMIUA .[(.’).NS-QF"I‘]H* ELE C'J RIL.‘\L

Helmlld nr. 18

"l"l\'l'Al‘Y OF SINOATRIAL '\'()D AL PACE \l \1\
RS AND THEIR RESPONS 'I() J.\(.)l\l l’l\l* PHI‘

N ()Ji()l{l TODA -
Departnent of Pharnacology, Faculiy uj Me duum K yolo l'unueu/r/, ]\ _/ulo Japan

Aceepted for publie ation ()mubc 2, 194

ABS ll{\CT

Tona, \(mum_ Inhibitien by ('.ulnnum ons of thc dcuuc
nud.xl p.xu'm.xl\m fibers and their 1upun~e to nmcpmvphm s
CTher.,, 1812 357- 363, 1973. :

I rubbit sinoatrial (SA) node. p.uunmkcr ﬁbms, the u\(hhunt “the m.mnmlj it
;umntml and the ﬂncslm]d poivuml were: d(‘uv l'~(‘(l .md t]w 0‘,} .md ‘)O‘c dum.t Uxxsl

pu eI nl\('x .mmmu» were tmall) .xbolhhcd '1 hc mlnh)lm\ (ﬁ'(*ut» uf ((l** \\exc.x” \(I‘\(‘d
by (\stl‘lu(' m i wmmm ition m~uh'u dent w ])1 odnw cl) Hhges 1u the m(-mln‘*me pote’_ it

reverse the cl'fv(ls uf (d‘”‘ C.u]nnmn mducu] dl.uwm were plr-\(mrd h\ ey
Cu?t. The positive chronotropie effect of sympathetic nerve stimulation, more
sond histaming whs inhibited by Cd** (0.02aud 0.1 m). The vhwnu(wwc (
-mine was not influenced by 1078 M propranolol. The maxinu rute- muuw bvn
nephrine (3 X 107% M) and histamine (5 X 1074 A} was markedly attepuated b
SCysteine md C‘x * rever wd 1]:0 (d++ cl’f(-d I‘l(lll) th(-w emlts it cun bo ('ondut

amine-rece plor Mmlmn or w nh ah inerease in tlw ]wl mr.dnlm uf pacen
fras Nyv <1uuu-- diastole lhu~ indueing t uh\umim c :

\
oL  pECH
_ad JJ‘"‘E-—;Z“‘%ECC?& Te sticuia

. e A -,. o "
and Al r‘,cr::' ons of mmm

o ~
LEY RIS L“m J-,LCW,.»

thf: t':stls. of v'v us m’mmmhfm ‘:pcuns"* wi’cr:s"sox}
vidence that thf. spermatogenic process can. be* adgversely
affected by Cd, possibly through its injurious el eots on' the
vasculuivce of the tostisd*, but Tittle is known-of.the efiects of
Cd on androgen synths 25is? view: of the wull-docunluméd
reports of 4 direct relations I in nu'\.u,u andy om.m and: muxn-
tenanece of spermiatogencsis in several vectebrate species l\‘)er
ing fish® we investizated the eflects of . Cd on the testis of 4
freshwaier-maintained salmonid fish, the brook trout ,Sa
Hies fonstinalis, ' S S
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Environmental Impact of Cadmium:
A Review by the Panel on
Hazardous Trace Substances

by Michael Fleischer,

lan C. T. Nisbet,”

Introductory Note

This report is the result of a review by a
Panel on Hazardous Trace Substances, as

part of a report to an ad hoc Committee on -

Envxronmental Health Research whose chair-
man was Dr. David Rall, Director of the
National Institute of Env1ronmental Health
Sciences, NIH.

*Chairman, Subpanel on Cadmium; U.8. Geologi-
cal Survey, Washington, D.C. 20244.

tDepartment of Chemical Engineering, Massa-
chusetts Institute of Technology, Cambridge, Massa-
chusetts 02139,

tLaboratory of Industrial Medicine, Eastman
Kodak Company, Rochester, New York 14660,

§Kettering Laboratory, University of Cincinnati
Medical Center, Cincinnati, Chio.

**{1.8. Geological Survey, Federal Center, Denver,
Colorado 80226,

++Massachusetts Audubon Society, Lincoln, Massa-
chusetts 01773.

11California Institute of Technology, Pasadena,
California 91109,

May 1974

Adel F. Sarofim,” David W. Fassett,’

‘Paul Hammond, Hansford T. Shacklette,”
and Samuel Epstein” *

The Panel undertook as one of its charges

an in-depth examination of several groups - o

of chemicals. This examination was aimed at

defining sources of environmental contami-

nation by these chemicals; there distribution
in the environment, their transport and al-

ternation, and their biological effects on o

humans and on other components of the
biosphere.

The Panel has also taken the view that
it will be important to develop qu;mt1tat1ve
means for understanding the patterns of the
movement of these materials into, and their
alteration and persistence within the bio-
sphere; tentative models aimed at these ob-
jectives have been developed.

The first report by the Subpanel on poly-
chlorinated biphenyls has been published
(1). The present report on Cadmium is an,
extensive review of this element, prepared
by the Subpanel on Cadmium, identified
above. It has been reviewed in detail both -
by the Subpanel and by the entire Panel on
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Hazardous Trace Substances. A number ;fB t

suggestions that emerged from this review
have been incorporated into the report. To
this extent, the report is a collective effort.
However, the chapters or parts of chapters
were each the direct responsibility of one or
more authors.

The sections on General Properties and
Uses and Environmental Forms and Sources
were contributed primarily by M. Fleischer;
the section on Cadmium Material Flows was
contributed primarily by A. F. Sarofim; the
section on Effects on Man and Animals was
prepared mainly by D. W. Fassett and P. B.
Hammond; the sections on Cadmium in

" Plants and Animals and Ecological Effects -
were contributed by H. T. Shacklette and I
C. T. Nisbet: The section on Analysis for
Traces of Cadmium was prepared by S. Ep-

. stein and M. Fleischer. In addition, we are

deeply indebted to many colleagues who con-
tributed valuable advice and suggestions.

NORTON NELSON, Chairman

Panel on Hazardous Trace Substances
Institute of Environmental Medicine
New York University Medical Center
New York, New York 10016 '

General Summary

Cadmium was recognized many years ago
to be a highly toxic element, and the need
for precautions in industrial operations in
which workers were exposed to dusts and
vapors of the element or its compounds had
long been known. It was not, however,
until comparatively recently that concern
began to be expressed over the possible ef-
fects on human health of exposure over long
periods to low concentrations of cadmium, in
part because of its steadily increasing con-
sumption and consequent increase in the
_general environment, and in part because of
the outbreak of the itai-itai disease in Japan -
in the late 1940’s and early 1950’s. Ex-
posure to cadmium, originating from smelter
wastes and concentrated by the rice plant
to levels far above those of the normal ea-
vironment, has been shown to have been one
of the causative factors in this disease.
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future studies.

" it has been estimated that consumption in

" pressure, higher than that of zine, at the

manufacture of metallic alloys, and in the

- processes account for about 90% of the cad-
‘mium -of atmospheric . emissions, estimated
by Davis et al. (2) to be about 2300 metric

‘emissions of cadmium- are the burning of

The present report reviews and assesses .
the information available to November 1972
on the environmental occurrence, transport, '
and biological effects of cadmium with special . .
attention to significant gaps in our knowl- "
edge, and recommends areas of research for .=

Occurrence, Transport, and Biological Ef-
fects ' o S s

Cadmium is a relatively rare element that = =~ 7"
is rather uniformly distributed in the most " o
abundant rocks of the Earth’s crust, which
has an average content of 0.15-0.2 ppm ' .
Cd. It is slightly. concentrated in shales,
especially in those rich. in organic matter,
in lacustrine and oceanic sediments; in man-"
ganese nodules, and in mariae phosphorites;:
the latter average about 25 ppm Cd. The .-
only natural concentrations of ‘commercial
interest are those in sulfide deposits, espe-
cially those containing zinc, lead, and copper,
from which it is recovered as a by-product..
Total production in the United States and
in the world reached all-time highs in 1969
of 5,736 and 17,576 metric tons, respectively.
Production decreased in 1970 and 1971, but

the United States will nearly -double by
the year 2000 to a level of about 13,600
metric tons. R

Cadmium metal has an appreciable vapor

temperatures used in smelting ores, in the

reprocessing of cadmium-containing ‘alloys
and of cadmium-plated materials. These

tons annually in the United . States. The
only other major sources of ‘atmospheric. -

coal and oil, the burning of - cadmium-
weighted plastics, and the burning ‘of sew-
age sludge. This estimate of total emission .
of cadmium to the atmosphere is in gualita- -
tive accord with published measurements of -
the cadmium content of the air in various
parts of the United States, although data on

Elivironméﬁtal , | Health | vPerspectivgs’ N f‘j '




residence time in the atmosphere are very
scanty. The data on the contents of cad-
mium in soils near point sources of cad-
mium emissions, such as smelters and
. metallurgical plants, show that the fall-out
has resulted in high concentrations of cad-
mium close to those sources.

Most fresh waters contain less than 1 pg/

1. Cd; sea water averages about 0.15. Data

on the transport of cadmium in aqueous
systems are too fragmentary to permit re-

liable balances of the flow of cadmium to be"

constructed, but they suggest that erosion
and weathering of rocks and soils contri-
bute far less cadmium to streams in the
environment than that contributed by man’s
activities. Sewage sludge contains notable
concentrations of cadmium, and the leaching
of such sludge that has been used for land
fill could contribute appreciable amounts of
cadmium to the drainage system. Informa-
tion is lacking on the behavior in soil and
in drainage systems of the appreclable
amounts of cadmium added to the soil in
superphosphate fertilizers.

Plants exposed to concentrations of cad-
mium above those of normal background con-
tain higher than normal concentrations of
cadmium. Mosses appear to be especially
good indicators of exposure to high con-
centrations. Damage to plants from excess
cadmium has been reported, but the con-
centrations of cadmium required were
higher than even those in soils of contamm-
ated areas.

Only scattered data are available on
levels of cadmium content in wild or dom-
estic animals. The levels found in animals
are generally much lower than those found

in adult humans. No clear geographical cor- -

relation has been demonstrated between
levels in herbivorous animals and levels in
vegetation. In marine animals, the highest
concentrations recorded have been in pelagic
zooplankton (13 ppm, dry weight), molluses

(locally up to 73 ppm, wet weight), and -

plankton-eating birds (20~-53 ppm, wet
weight, in livers). There is no evidence that
cadmium concentrates in marine food chains.
Adverse effects on reproduction of fish have

May 1974
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been reported at concentratlons of cadmxum
similar to those of moderately polluted
waters, '

The average intake of cadmxum by hu-. Lo

mans is generally estimated to be about 20-
50 ug/ day, mostly from food. Intestinal
absorption is low, probably about 3-8%;

the cadmium is notably concentrated in the - . "

kidneys and liver, which contain 50-76%

" of the total body burden. A higher propor-.

tion of the cadmium reaching the respira-
tory tract is absorbed, but the total amount -
so absorbed is less than that from foods,
except perhaps for smokers. The high con-

tent of cadmium reported for tobacco may .- |
cause smokers to have considerably higher = -~ -

body burdens of cadmium than nonsmokers.

The total burden of cadmium in humans in- e

creases with age from very little at birth
to an average of about 30 mg in the age
range 40-50; it ma.y decrease shghtly after

that.

Exposure to fumes or dusts of cadmlum
metal or cadmium oxide is known to. cause -

acute pulmonary edema. Chronic exposure -

to cadmium through the respiratory tract .

produces a number of toxic effects, the

most important of which -is chronic . em- -
physema, accompamed by renal disturbance.
The effects noted in the itai-itai dxsease in

Japan differ in many respects from the fore-.
going. The victims were almost all women.. .
over 50 who had borne several children; the "

disease was characterized by osteomalacia -

and osteoporosis, as well as renal damage. ‘
Although cadmium has been implicated as
a causative agent, it seems probable that -
there was profound disturbance of calcium -
metabolism and that deficiencies of caleium, -

vitamin A, and vitamin D played lmportant B

roles in the disease.

It has repeatedly been suggested that . i
build-up of cadmium in the body (or per- - -

haps an increase of the ratio cadmium/zinc)
ig related to the occurrence of ‘hypertension

in man, Experimental studies of rats and =~ -

rabbits indicate that these animals develop
hypertension after intake of cadmium orally
or by injection. However, epidemiological .

studies of persons occupationally exposed to

255




cadmium and post-mortem studies of cad-
mium levels in the kidney have not yielded
unequivocal statistical evidence of a rela- -
tion between cadmium content or cadmium/
zine ratio and hypertension. o

Carcinogenic effects of cadmium have not
been recognized in humans. ' ,

In summary, cadmium has not yet been
proved to be a hazard to the average individ-
ual exposed to the average levels now pres- .
ent in the environment. The data from
Japan, however, strongly suggest that part
of the population is more sensitive to these
hazards because of dietary deficiencies.
Further research is needed on the hazards
of average levels of cadmium to such in-

dividuals and on the hazards due to higher |

than average intakes of cadmium by persons
who live in areas of high emission, who are
heavy .smokers, or who eat much shellfish.
In the meantime, precautions are necessary

in the enviroment are not increased.

Geheral Recaimmendations

One of the major purposes of this review L
was to identify gaps in our knowledge of - - , e S :
the impact of cadmium in the environment - lem is that we do not know how:to apply

and to suggest researches aimed at filling

report. More generally, however, the Sub-

panel has found, as have other groups that -

of this kind are greatly hampered by a

notable lack of interdisciplinary coordination - -
of research on environmental pollutants, This

is, of course, a natural consequence of ' Y F S SR .
gequences of low-level exposure of humans

- over long periods. of: time -
- urgent mneed for improyed

the fact that so many disciplines and’
special fields of research, commonly with

very limited contact with one another, are.

involved in such research, thus greatly in- -
creasing the difficulty of assembling the re- =~ oo TEe

- . General Properties and Uses ~

The Subpanel concurs with the Subpanel ‘- L e e

on Polychlorinated Biphenyls that there is

sults into a coherent picture.. :

a need for the development of general sys-
tems models to describe the transport of
environmental pollutants. It proved to be
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- difficult to -prepéréfs model forthe tran

particularly in  surface ‘run-off. However,
- the large increase in recent years of the

“emphasize the need for generalized .models ..
“applicable to a variety: of substances, -yet

*“to study environmental problems. as 8- whole
rather than in piecemeal fashion. Thus, the

__major source:of emissions. of cadmium, ars
- the sum of the effects due not only to cad:
“mium, but also to:zinc, lead, arsenic, and.
- sulfur dioxide, and ‘possibly. also to othe
elements such as copper and thallium, s
‘that conclusions based on the:study of -
to decrease emissions from the major sources - It is therefore : important ‘that such- prok
and to insure that present levels of cadmium = lem be considered -as 'a whole, not only i
. gystems meodels, but also in- generalizing"
~ monitoring systems and.in designi

, . : - of cadmium to its effects on’animal popula-
:::ge iipihesggglﬁgf each ?;:&2?02; this - tions in the natural environment. The dif-

_-oceurring in the field indicates the “need for
have made similar reviews, that assessments _ fuller studies of the effects of. e;lvl‘l'gnp;entalj

-~ contaminants on ‘animal’ communities,.both
“laboratory’ and in'real ecosystems:in.the
" field, Similar difficulties in evaluating the co

port of cadmium which satisfactorily - ex-
plained ambient concentrations of cadmium,

new technological developments—such 'as

production of . cadmium-weighted “plastics— "

flexible enough to meet changing conditions,
Our review has also emphasized the need

effects of emissions from metal smelters, a

expe

- As mththe PC}? problem, ‘a’major. gap
in our understanding of the ‘cadmium prob-.

“data from laboratory studies on the toxicity.

‘ficulty of showing that adverse effects are

“in model ecosystems . (microcosms) - in. the

emphasize the

idemiological

- studies of these effects.

Chemieal, Physical, and Geochemieal L
~ Properties ) L

 Cadmium is a chemical element, atomie .
~ number 48, atomic weight -112,40,-‘ consistin;

Environmental Health _Perspecﬁiy__eé,



Cadmium in Plankton: Elevated Concentrations off Baja California

Abstract. One hundred thirty-five plankton samples were collected in the northeast
Pacific Ocean and analyzed for their cadmium content. Concentrations were generally
low (2 10 5 micrograms of cadmium per gram, dry weight) in all samples, except for the
plankton collected off Baja California, where high values (10 to 20 parts per million) were

consistently found on two cruises.

Plankton are well known for their ability
10 concentrate trace elements and, pro-
vided certain criteria are met, amounts in
association with these organisms may re-
flect ambient levels in the environment. We
have measured the concentration of cad-
mium in plankton from the northeast Pa-
cific Ocean and, in almost all areas sam-
pled, we have found relatively low concen-
trations of this clement. However, on two
cruiscs ofl Baja California we consistently
observed elevated amounts of cadmium in
the plankton collected south of San Diego.

The data for the first Baja cruise and
from previous studies (/) are shown in Fig.
1. South of San Diego, eight of ten samples
contained more than 10 ug of Cd per
gram, dry weight (range, 8.9 to 19.5; mean,
13.2); in contrast, only 1 of the 86 samples
collected on two Hawaii-California tran-
sects, off Oregon, and in Monterey Bay,
California,"had a Cd concentration greater
than 10 parts per million (ppm). The mean
concentrations for these areas were always
below S5 ppm. The single high value (16
ppm) was found at the last station of the

portance since Cd is known for its toxicity

(2) and high concentrations in the primary
producers and consumers (plankton) could
represent a- potential problem for orga-:
nisms at higher trophic levels, where high
concentrations of this element are some-
times found (3).

However, since trace element concentra-
tions in plankton are highly variable, and

since the collection methods usually em-

ployed can cause severe contamination
problems, it was necessary that we have
many more data before drawing any con-
clusion. Thus, we collected additional sam- -
ples off Baja California in January and -
February 1974 (Fig. 2). Once again, high
Cd concentrations were observed in almost.
all the coliections south of San Diego. Val-

“ues were especially high south of Punta

Eugenia, where four samples contained

" 17.8 t0 20.9 ppm. That this was not strictly -
a coastal phenomenon was also illustrated

by concentrations of 16.2 and 17.2 ppm

noted approximately 500 km southwest ot', .-i:'
Punta Eugenia. For all 32 samples collccl- .

chips, fall off ‘almost all research vessels

‘towed in the vicinity of the ship, and high
_trace metal concentrations in plankton can
-result from this source of contamination,
To:avoid this problem, all of the samples
_on the sccond Baja cruise and half of those

‘sel. The net. cmployed (aperture, 64 wm)
“constructed. of nylon or plastic materials,’

“and grommets, which were hcavnly coated
_ with fiber glass. Precautions were also tak- -

Dicgo. Low valucs were also observed a;

the five remaining nonhcrly stauons (3.5

to 1.5 ppm) (4).-. .
- With the conﬁrmauon ol‘ our ongmal

.ﬁndmgs. it now appears that Cd concentrar

tions in the plankton off Baja Cahforma

‘are approximately three times higher than

in the plankton collected in other areas (5). - -
However, scientists familiar with the prob- 1,

lems of analyses of trace metals in plank- . .
ton can view these results with justifiable |~ -
skepticism, For -example, paint and rust

and are frequently caught in plankton nets

on the first cruise were collected from an
mﬂalablc dinghy rowed several “hundred -+
meters away.from the main rescarch ves-

and other parts of the sampling gear were * :
with the exception of the brass nel rings .
en while dxgcsung the samples in redistilled

nitric acid and peroxide and whilc andlyz-
ing them by atomic ab,sorpuon (6)4 i
for;

ed sauth of San Dicgo.. ﬂ’vc‘ ramecmut 210 %

[T

Intern, J. Environ. Anal. Chem., 1975, Vol. 4, pp. 1-7
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Cadmium in New Zealand Dredge
Oysters: Geographic Distribution

STEPHEN A. NIELSEN

Ficheries Ku-carch Division, Ministry
Wellington, fiew Zealand

(Keceived September 15, 1973)

High Cd levels of up to 9 ppm wet
(tutton), from Foveaux Strait,

determined at 24 stations in order to 0
These data, in combination with a consi

uree of the Cd must lie to the west of Foveaux
c ce there is no industrial peliution in the area. Compared

have a predilection for accumulating Cd.

Cd levels arc naturally occurring sin
with other oyster specics, O. lutaria may

of Agriculture and Fisheries,

wt. have been found in the dredge oyster, Ostrea lutaria
New Zealand. Average Cd levels in the oysters were
biain a pattern of the geographic distribution of Cd.
ideration of the prevailing currents, indicate that the

Strait, possibly in Fiordland. These high
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. Bly.

Magn blysambanda I umhverfinu hefur aukist mjog mikid & bessari
51d m.a. vegna aukins f£jslda bifreida og aukinnar notkunnar &

blyblondudu eldsneyti.

Med athugunum & blginnihaldi og aldursgreiningum & is Grenlands—
jokuls hefur komid 1 1jés ad fyrir 1750 voru - 20 ug af blyi’'f
nverju tonni af fs, 1860 voru 50 ug/tonn, 1940 voru 80 ug/tonn,
1950 varu 120 ug/tonn og 210 ug/tonn &rid 1965.

Hér gildir pad sama og fyrir cadmium ad bly kemst eftir tVeimur
leidum inn £ 1fkama* manna og dyra b.e. um meltingarferi og
sndunarferi. ;

Bly getur safnast fyrir I vefjum lifvera, plantna og dyra.

Hjé ménnum og 8drum svipudum 1ifverum safnast blyid smém saman

{ beinvefjum og getur geymst bar. Pegar Ca-efnaskipti eru hrdd
getur einhver hluti af pessum birgdum losnad og borist I mjtka -
vefi 1lifverunnar og valdid eitrun (p.e. eitrun barf ekki ad

eiga sér stad & sama tima og sofnun { likamann fer fram), en paé S

er magn blys f mjtkum vefjum sem veldur eitruninni. Aflelélngar

blyeitrunar eru sjtkdémar I blédi, nyrum og taugakerfl, og paga o

sjlkdbémar bessir verlé mikid rannsakadir.

EXKi er mikid vitad wn &hrif blys & grédur. Tilraunir & einfrumu =

grenpsrungi hafa bé synt ad 2.5 ppm og 10 ppm blymagn 1 umhverfi

- orsakar hegari véxt en 60 ppm drepa pennan bdrung. Vitad er ad

margar plontur safna blyi f vefi sina t.d. mosar og Ymsar gras-—.
tegundir. Med bvi ad athuga magn blys f vefjum plantna ma f&
visbendingu um magn blys I umhvefi vidkomandi plantna.
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pollution

High lead levels are dangerous to man, and

ambient concentrations are presently rising
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stephien K. Hall, Southern lllinois University, Edswardsville, Ill. 62025 .

EJead has been mined and used by" ‘

man for many years. Widespredd early
applications of lead are readily undcr-
stood in light of its -many -desirable
properties—relatively easily refined from

natural ores, ductility, high resistance

to corrosion, and other properties.

In both Greek and Roman culture,

lead was used fur manufacturing cooking

-utensils of the wealthy and in the lead

. pipes for the extensive plumbing systems
of their homes, Studies indicate that
Roman civilization deteriorated largely
as a result of extensive lead poisoning
(high incidence- of infant mortality,
miental retardation, and sterility) in

~ the ruling class. This theory is supported
by data showing a high lead concentra-
tion in the bones of their remains,

Of the nonferrous metals, lead is
one of the most widely uvsed in industry
and everyday life. The annual consump-
tion in the U.8. alone is well above one

million tons. The storage battery indus--

try is the lurgest consumer, about 409,

“and the petroleum industry consumes
about 20%, producing lead alkyls ‘as
gusoline additives. These 300,000 tons of
lead are, of course, added directly
into the ambient air. By contrast,
only about 45% of the total lead con-
sumed is recovered from metal prod-
ucts and batieries.

Today lead is an ubiquitous clemmt
present in food, water, and air. Lead
avrosol i3 a common gir contaminant,
Dated samples of snow in northera
Greenland indicate that up to 1750,
there were about 20 pg of lead per
ton of ice until the Industrial Revolu-
tion. By 1860, this had increased to
30 wgiton. The proliferation of the
automobile since World War II also
resulted in sharp increases—in 1940,
80 xg; in 1950, 120 pg; and in 1963,
210 ug. In the past two decades, man's
continuing use of lead has produced an

© consuiners. -

environmental level far. .above that .

which would exist naturally, and this
could have grave - consequenccs on

 human health.

Sources of lead . . .

‘Lead is a natural constituent &f
soil,. water, vegetation, animal life,
and air. Significant sources 6f naturally-

3

trast to certain other metals such as’ :

mercury, lead in its elemental form is

not a major source of poisoning. -
In medieval times, the practice - of
“sweeting” wine “with lead or lead ..

acetate became a serious .toxicological ' .
problem. Even today, alcoholic bever- "~ a
’-.:Thexr use rapxdly became a cause‘
‘E’concem because lead intoxication:and
'_:even death occurred among those occm-
“pationally ‘exposed. In 1925, ‘the. -US:
- Surgeon General appomted a commm ,
-to investigate - possible” ‘public’ health
r .hazards in the manufacture, dxstnbunon
" oruseof leaded gasoline. In the. follow-

ages of illicit- origin are oc‘casionally-,f-
incriminated as the source of lead.
poisoning. Qld automobile - radiators.
are often used as the condenser com-
ponent in illicit  stills and contain .
enough ~ solder to cause dangerous.’
contamination of the . “moorshine,”
Léad encephalopathy (disease- of the '

brain), hephritis (disease of the kidneys) . i

with gout, and other lead-related condi~" - regulations which were concemed only

tions have been repomd in’ moonshme =

Until the 1950's, most interior pamts'
contained lead pigments which were a .-

major source of childhood lead poison- <
- ing, Since then, lead oxide has been ..

replaced by titanium diokide.- However,
some old houses were painted countless -
times with leaded paint, and thick
chips of leaded paint fall off as the
walls and ceilings peel. Putty also
contains lead and is even more likely
to be found in substandard dwellings.
Since children between the ages of one
and four or five ingest nonfood particles
of all types, about 8% of chiidren in
shetto arcas sutter from some degree -
of lead poisoning.
Anothu major lead source is efmhen-

BRITISH HUSEUW
25 FEB 1972

‘ware pottery 1mproper1y glazed ‘with

leached out: of the glaze’ into- ceftain

", sources such’ as i manufacturmg”
of pes&imdes, mcmeratxon of srefusé
" and - combustion " of » coal “and’; leaded
,gasohne Avaxlable data mdxcate -}thaﬁ
- occurring lead include dust from sails . -
and particles from volcanoes. In con--

.. distribution. The proposed régulation
" were adopted voluntanly by the ‘petro-

“icance of lead as a hazard to the general

V Corp. .

lead. Large amounts of' lead »may: be

foods. Today, man contmues 1Q: pollute
his enylronment wnh lead from:

Antxknock agents‘ gy :
m the form . of tetraethyllead (TEL

ing year, the committee prOposed 8 set 0

with precautions {in- manufacture -and

luummdustry B
About 1930, an. attack on the mgmf-

public began, but for the follomng 30
years, there: was little interest:in “the
potential environmental polluuon probq
lem of lead. Then in . 1958, the” Ethy
sought and. was. granted:. an:
increase in.the concentrationof. lead_.-.‘--."_f
in gasoline by ‘the Surgeon ‘General,
Today, the amount of TEL rangt.s Irom' ‘
210 4 g/gal of gasoline. -
A survey in 1964 mdxcated only 88-.‘
cases of TEL poisoning - réported..in
the US. and Canada, subsequent. Q-
adoption of the ‘regulations in. 1926,

Volume 6, Number 1, JanuaAr}' 1972 31
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Subclinical lead poisoning (bdék)
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Bulletin of Enviroonmentsl Conummnhon ‘& Toxicology,,
Yol 11, No 1 6] 1974 by Spnugcr Verlq, New York Inc

b
M A. HAEGLLL R K Tucxnn,
and R. H. HupsoN- -

U. S Bureau of Sport Fisheries und Wlldltfe :
Denver Wildlife Research Center
v Denver, Calo 80225 -

In recent years, brown pelicans (Pelecanus occidentalis
californicus) attempting to reproduce on Anacapa Island off'
- the California coast have laid thin-shelled eggs, almost. al,
-of which have collapsed during early: incubation’ (JEHL 1969,
~ and RISEBROUGH et al. 1971). Laboratory -exposure’ of other_
species to DDE (HEATH et al. 1969, LONGCORE et ‘al. 1971*
.WIEMEYER and PORTER 1970), the suspected- cause-of ; this
phenomenon (HICKEY and ANDERSON 1968, KEITH et al.. 1970, an
RATCLIFFE 1967); has not produced the extreme! eggshell thinnin
exhibited by ‘Anacapa pelicans.'. ‘The greater: eggshell thinn1ng
in wild pelicans-could be the result: of: this species being
" innately more sensitive to DDE as suggested by BLUS et al
(1971, 1972), or possibly:it could be due:to.an additional
effect ‘on shell thickness of ‘other pollutants in the marin
environment. Two pollutants- whicn mayl e’capable””f th S

compounds, which are blologlcally active' an iy

environment- (KLEIN ‘and GOLDBERG" 1970 KNAPF 1970 ZRUS
et al, 1870, and TEJNING 1967). The following tests were
conducted to determine whether mercury and 1ead in the-d

Posmble Tox1c1ty m Urban vs Rural Rats

David Mouw, PhD Kenneth Kalms, Miriam Anver DVM PhD Joyce Schwartz Anna oiistan;’
Rolf Hartung PhD Bennett Cohen, DVM, PhD; Dan ngler DVM

‘The— degree ot tead polsonlng in wlld exposure to ﬂ’lbOmO Iead, or both, and
rats from two environments has been . lead in precipilated dust -

studied. WIiid rats captured in an urban " Changes In several blologlc vlndexes
area had markedly elevated tissue lead {depression of A-amino levulinlc acid de- :
compared with values in rural rats. This  hydratase In kidney and red blood cells,

elevation may have been caused by differ-  presence . of renal intranuclear- inclusion. "
ences In faclors affecting absorption of  bodles, and Increased Kidney. welght)
ingested lead or an elevated respiratory - conﬂrmed Iead-polsonlng ln urbah rats,

Helmlld nr. 29

The Blood Lead Threenold

Harry A. Waldron, MB ~Arch Enwron Health/Vol 29, Nov 1974

'

There Is much evidence to support the “mitisd Timits for adults and children are'
view that threshold limits exist for toxle proposed. )
chemicals below which they exert no  y js suggested that the main value ot"
overt harmful effects. In the case of lead, pjoud tead concentrations Is to monitor
however, there are grounds to beligve that abnormal exposure In & population, rather '
the present widely accepted thrushold hap to serve as a major diagnostl'c tool. '
levels are loo high and new upper per- ' o .

s LA
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TRODUCTION . e

Lead intoxication has been a well recog'nized en-tity since old days.. -
Although lead is widely used in many types of industry, and occasionally causes
acute intoxications in those workshops where the fume-and-dust control is. . -
insufficient, classical plumblsm is thought to occur infrequently in rnodern
industries. ' e

On the other hand, interest in the deleterious effects of lead has recently .
shifted from the industrial field to that of the potential hazard to the
community at large. We are constantly being exposed to lead in our
environment, in the form of air contamination from lead smelting, and the
combustion of gasoline containing lead alkyls. We are exposed to lead in
various other ways as well — via'pesticides-, paints, solder used to seal food
cans, lead piping, abraded particles of lead containing ceramics, glassware, etc,

The deleterious effects of increased environmental lead contamination
usually take a chronic form. Clitonic lead poisoning is not only different from
acute puisoning, but is also difticult to diagnose.

~ - U,



~ cells. Sublethal amounts of Pb (2.5 and 10 mg 1=! Pb**) tendéd to retard population growth by’

L6~
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"

AN EVALUATION OF THE USE OF. BIOLOGICAL
" INDICATORS IN AN ATMOSPHERIC
LEAD SURVEY, - '

J.M. RATCLIFFE. "7+

‘ . Pollution Rescarch Unit,fUnivcrsity _of.Mgﬁchestef, 'Er}gl'and

T Y (First received 23 July 1974 and in ﬁmlfof}ﬁ,S pecenlber 1974

Abstract—A tmospheric lead deposition was monitored in the vicinity of a battery factory by an

* integrated survey of lead levels in indigenous moss and grass- samples and by a short-term, stud
of weekly increments in lead deposition at selected sites around the source using the mossbag tech-
nique. A highly significant correlation {coeff = 0:95) between the lead content.in indigenous mosses
and grass can be demonstrated, and the lead levels closely reflect the proximity to the source and

~ the long-term wind pattern. The suspended mossbags adequately monitor the input to ground
. moss and grass given sufficient expostre time for slow accumulation rates. “The spatial variatior
in mossbag lead content after one month correlates significantly with wind direction and: speed.
and with calculated mean long-term ground level concentrations from stack emissions at cach si
however, only 40 per cent of the temporal (weekly) variation in lead accumulation in the mossbag
can be explained by correlation with the wind direction and speed and rainfall at each sit

. Heimild nr,
THE EFFECTS OF LEAD ON ALGAE.S: "

1: Effects of Pb on Viability and Motility of :P‘[aftym’bnas S"bé‘bfdl)‘"orznzs
(Chlorophyta: Volvocales) . " v +=

_ ANITA HESSLER . - 0% 7o
Seripps Institution of Oceanography, University of California, San Diego, Calif, 92037, U ,

"(Received 1 May, 1974; in revised form 5 July, 1974).. B
Abstract. The effects of lethal and sublethal concentrations of PbCl zon reproduction", viabjlity, and
motilily of a marine uniceliular green flugellate. alga, Platymonas subcordiformis, were studied under.

c_omrolled laboratory conditions. The severity of the effects depended primarily upon ;h_e éohcen;tm
tion of Pb* * and the duration of treatment. Log phase cells were more sensitive than stationary phas

delaying cell division and daughter cell separation. A lethal amount of Pb (60 mg 1~ 1 pp*+ycaused
inhibition of growth and cell death, Various intracellular abnormalities resulted from Pb-treatment,
The flagella were shed or altered in a variety of ways, depending on Pb concentration; motility was
least affected by low Pb and complelely impaired by high Pb. Normal wild-type cells appeared to be:
more sensitive to Pb than mechanically sheared (flagella-less) cells and cells of a non-ﬂagellzgtg mutant
of Platymonas. Exposure of cells to Pb in non-growth condilions of dark and cold (2°C) had litle,
negative eflect. . Ry o Lo
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Lead Poisoning in a Bird of Prey‘ L
by . Heimild nr. 33 -

W.W. Benson, BARRY PHARAOH, and PAMELA MILLER .

Idaho Community Study on Pesticides
Department of Environmental and Community Services
Statehouse DT
Boise, Idaho 83720 ™ 7 T : N

ulletin of Eavironmental Contaminatitn- & Tox}
z = ! b ridn. jeclogy,
Yol. 11, M,'.' 2 © 1974 by’bpringur-\"cr!:c New Y'ork'lqz.,w.

Lead poisoning has long been recognized as a serious
disease of waterfowl (PHILLIPS and LINCOLN, 1930; GRINNEL, 1901; -
BOWLES, 1908; BELLROSE, 1959). Birds feeding in areas of heavy '
waterfowl shooting ingest spent lead shot which is mistakeri for-
seeds or grit. The shot is then ground up in the gizzard which
makes the lead more absorbable from the intestimal tract. Al-
though most of the lead is excreted in the feces, some is absorbed
into the brain, muscles, and feathers, with the highest deposition
ir bone tissues (BAGLEY, LOCKE and NIGHTINGALE, 1967), etc. Lead
absorption fram shot which lodges in the body tissue is minimal
(MACKLE, 1940). ‘ . "
Food habits of non-aquatic birds in the wild precludes —
their ingesting spent shot. Consequently, lead poisoning from
food is not too likely. This report deals with a probable case
of fatal lead poisoning in a bird of prey. Source of the expo- .
sure is presumed to be from feeding duck heads having detectable .
levels of lead within their brain and muscle tissues and from
shot lodged within the head itself. .

4 - Heimild nr.: 34"
v . . . v I AR
Lead Concentrations in Native Trout T
by Goroon K. Pacexkopr and DENNIs R. NEUMAN
Department of Chemistry

Montana State University
Bozeman, Mont. 39715

‘l;‘-’lia-l‘iyn‘u[‘}Z.l;\'i;-a-x.n;(-xnl.zl Contamination & Taxicology.
\':l. 12, No. 1w 1674 by Springre-Yedlag New York Inc,

The background levels of lead in the environment, as .
evidenced by snow samples from Greenland, have been increasing
at an exponential rate (BRYCE-SMITH, 1971). A base level of .
20 pg/ton was observed up to 1750. By 1860 it was 50 yg/ton; in -
1940, 80 pg/ton; in 1950, 120 ug/ton and by 1965 the concentra= .
tion was 210 gg/ton. In the past 30 years the increasing use of -
lead has culminated in an environmental level far above that which -
would normally exist, with possible harmful effects on health -7
(PATTERSON, 1965 and PATTERSON, et al., 1966). The major
sources of lead contamination are leaded gasolines and pesticides, -
manufacturing, combustion of coal, incineration of refuse, leaded
paints, and earthenware pottery that has been improperly glazed.

Tetraethyl lead and tetramethyl lead are added to gasolines
to increase their octane ratings. The national average is 2.40
grams of TEL/gallon or 1.54 grams of lead per gallon. The amount
of lead discharged to the atmosphere in exhaust gases varies from
25¢ to 75% depending upon driving conditions (HALL, 1972 and
MILLS, 1971). As a consequence the atmospheric concentrations
near highways are an exponential function of distance from the
roadway (DAINES, et al., 1970). The lead level near the highway
is relatively high, but drops off rapidly during the first 150 feet
from the highway. The concentration is reduced 50% within the
first 10 to 30 feet from the highway.

Soils and plants along heavily traveled highways show that
lead concentrations increase with traffic volume and decrease
with distance from the highway (MOTTO, et al., 1970). Much of

“the lead was a removable surface contaminant on the plants and
the increase in the soil was limited to the surface material,

The West Gallatin River in southwestern Montana flows
adjacent to U,S. Highway 181 for forty miles. As d consequence,
the automobhile traffic will increase the lead concentration in this
region. In thig paper we report the lead concentrations found in
native trout takan from the river and compare them to similarly
obtained values for fish from the Federal Fish Hatchery in Bozeman,
Montana and from Yellowstone Neational Park,
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2.3, Adrir pungmélmar.

Eins og sj& m& pegar heimildir pessa kafla eru skodadar er

bad nokkud algilt ad lifverur geta safnad I sig allmiklu magni
af pungm&lmum. Ad sjalfsdgdu er hér mismunur & milli 1ifvera -
og jafnframt hefur magn pungmédlma 1 umhverfinu mikido ad segja.

T4 lraunir hafa synt ad yfirleitt eru Pyrstu &hrif aukins magns
pungmilma tiltdlulega veg. Koma dhrifin t.d. fram kja ymsum
einfrumu porungum sem minnkadur vaxtarhradi en med auknu magni
verda &hrifin alvarlegri t.d. algjor stoovun 4 vexti og ad
lokum daudi.

Styrkleikamdgnun bungmélma upp eftir fedukedjum er einnig talin

1ikleg a.m.k. fyrir suma pungmélma, en slik mognun getur haft
mjog alvarlegar afleidingar f P56 med sér fyrir lifverur & efri

faéuprepunum

Rannsdknir & zinki hafa synt ad { magninu 2.4 ppm { umhverfinu ;_ .11

minnkar bad vaxtarhrada hjé granpdrunginum Chlorella vulgarls-'
um 50% & 96 klst. Zink veldur hzkkadri dénartslu hjé se16um
Ymissa fiska pé magn bess 1 umhverfinu sé mjog 1itid (t.d. 0.08
ppm fyrir "minnow" ). Ef styrkur zinks er mikill getur bad -
orsakad skemmdir & tllknum fullordinna fiska og minnkad pannlg

hefni peirra til ildisnams G4t vatninu.
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GROWTH RESPONSE OF THE GREEN ALGAE "
CHLORELLA VULGARLST()SELECHTVEF.;~
- CONCENTRATIONS OFZINC* :
JosepH W. RACHLIN and MARK FARRAN = -

Department of Biological Sciences, Lehman College of the City University of New Yor‘k‘.'f“f‘ L B
Bedford Park Blvd. West, Bronx, New{ York 10468, U.S.A. . S

dtract—A modilication of @ previously published fish cell culture technique (Rachlin and Perlmutter, *.
?;’gti;.;xc:s b/c\cn successfully em pﬁ)yed in this study to evaluate the effec@ of a metal toxicant on thg' grgwth
productivity of the green algae Chlorella vulgaris. Thc. results 9( this study indicat
f zinc which reduces the growth rate of a test population of this alga, during a 9§ h- ‘
t design has advantages in that it concerns itsell with
productivity reduction rather than standard suryi.val (LC§0) of the test organisms. In addition thc”d_atz;~ {
gérmratcd is readily treated by Uhe system of probit analysis for ease o{‘ evalgatmg thg rc?u]ts. The use of :
this technique and test system, allows for the design .of parallel studies in yvhlch the effects of toxzx.c‘ja,nts,g
toili anithal and plant cell systems can be evaluated in terms of a more unified _c:cllular apprq?gh .

response and therefore
thal the concentration o
exposure, by 50 per cent, is 2.4 £0.02 ppm. The tes!

» | . Heimild nr. 36
The Effects of Zinc on Rainbow Trout .- :
{Selmo gairdneri) in Hard and Soft Water

by James R. Sinvey, Joun P. Gokrre, JR.,
and .
Patrick H. Davies
Colorado Division of ¥ildlife

Bulletis of Eavirenmentel Conteminaticn & Toxicolegy,
Vol. 12, No. 2 1974 by Springer-Verlag New York Inc.

. This research was performed to determine the-. -
effects of zinc sulfate on rainbow trout (Salmo gaird-
neri Richardson) in hard and soft water. Acute bio- -
assays were used to determine TLgy values. for zinc, }«lu
i.e., that concentration of zinc lethal to 50% of ‘the
exposed fish. Chronic flow~through bioassays, in which
exposure data collected over at least one gerneration of
the test organism reflects the effects of .a toxlcant on
growth, reproductive capacity, spawning behavior, via-
bility of eggs, and the growth.of fry, were used to .
evaluate the effects of ziic on rainbow trout through-''- -
out its life cycle. The results of these bioassays are-. .-
expressed as "maximum acceptable toxicant concentrations’- -
(MATC's). Well water (hardness = 330 mg/liter as CaCO3) .
was used for the hard water experiments and dechlorina~'. -
ted tap water (hardness = 25 mg/liter as CaCQ3) was used
-Tor the soft water experiments. L T

. " The hard water chronic bioassay began with: two-gram:
fingerlings and continued through sexual maturity as .-
two-year-old fish. The soft water chronic bioassay be-
gan with eyed eggs and continued until, but not through,"
sexual maturity of the fish., Survival of fish from - - -
egps and fry acclimated te sub-lethal concentrations . .- -
was compared with survival of non-acclimated fish.

Because of the importance of zine in the environ-
ment, toxicological information on zine is available in
the literature. BRUNGS (1969) developed an MATC for .
zlne using fathead minnows (Pimephales vromelas, :
Rafinesque). BHowever, most other work has dealt with
the short-term, acute effects of zine (LLOYD, 1960;
GOODMAN, 195%1; and MGUNT, 1966). There 1s a lack of
information in the literature concerning chronic expo-
sure of rainbow trout to zinc. B
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Water Rescarch Vol. 9, pp. 401 to 4uB. Pergamon Press 1975, Printed in Great Britun.

THE EFFECT OF SUBLETHAL:CONCENTRATIONS
OF COPPER AND ZINC ON VENTILATORY. .-
ACTIVITY. BLOOD OXYGEN AND pH ™ @ ™

IN RAINBOW TROUT (SALMO GAIRDNERI* .

CreTUs M. SELLERS, JR,T ALAN G. HEATH and MICHAEL L. BAss f

Department of Biology., Virginia Polytechnic Institute and State U‘hivcrsity,' -
Blacksburg, Virginia 24061, US.A. : TS

(Received 4 June 1974)

Abstraet—Changes in buccal and opercular pressure amplitude, as well as ventilation and coughing fre-.
quency were monitored in rainbow trout using catheterization of respiratory cavities and pressure trans-
ducers. One or more of the ventilatory parameters measured were found to change under toxicant stress -
a1 concentrations of copper or zinc at or below the LC 30, Possible synergistic effects were indicated when *
the two metal ions were tested together. - : S T T
Serial analyses of arterial Py, and pH in fish exposed to copper and zing individually.at concentrations
approximating the LC 50 showed that ¢nvironmental zine produced a.sharp decrease in both Py, and -
pH. Copper, however, caused litle effect other than a transient increase in pH. The toxic action of th
two metals in low concentrations thus may not be the same, Lo s e

‘Al'C]ﬁV”e;(;l;.!;:f;;lir()lllilel‘l;;il Contu&{ination

s and Tuxiculogy, Vol. 2, No. 4, 1974, © 1974 7 T T
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THE EFFECTS OF ZINC ON THE MORT ALITY';AND'-, ,
REPRODUCTION OF THE MINNOW,
' PHOXINUS PHOXINUS L. -

BENGT-ERIK BENGTSSON*
University of Umed L
Departmen: of Biology . S PR
Section of Ecological Zoology . a
S-901 87 Umed, Sweden

The long-term effects of zinc nitrate on the reproduction and on the mortality
during different developmental stages of the minnow, Phoxinus phoxinus L., have
been studied in fresh water. Mortality of newly-hatched fry was seen to be th
most sensitive parameter as compared with factors such as. number. of deposite
epgs, hafclh-ability, and the mortality of underyearlings, . yearlings,. and -mature
minnows. The fry showed an increased mortality at a zinc 'concentration .of ;
0.08 ppm, which is 1/40 of the 96-hr LC50 estimated for thé adults. - 770 .
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T C T T THeimild nr 39 - -
Mercury Content of Mussels from
West European Coasts S

Mussels have been sampled from the east side of the
North Sex from Arcachen in France to Cape Skagen in
Denmark and on the west side from Lands Eud to
Ediuburgh. High levels of mercury occur in mussels taken
fruin the vicinity of the Rhine and Eems Dollard, and .
values on the British coast are generally higher than on the
east side of the North Sea. :
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Observations on the Distribution of Dissolve

g

o

Mercury inthe Ocean sanawe. w0

The concentration of dissolved mercury in sea water has
been determined in a number of areas in the northern and
southern hemispheres and an attempt has been made to
correlate the values found for certain areas with natural
physical phenomena. The average concentrations found
ranged from 11.2 g 17" in the southern hemisphere to 33.5
ng ™! for the northern hemisphere; an increase suspected to
be the result of dispersion of industrial pollution by jet .
streams. Local effects including upwelling, voleanic action,
jand run-off and heavy stispended matter loads are also
discussed.

The Science of the Total Environment, 3 (1975) 279-287
© Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium
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MERCURY AND SELENIUM IN MARINE MAMMALS AND BIRDS -

J. H. KOEMAN and W. S, M. van de VEN - )
Dept. of Toxicology, Agricultural University, Wagehingen (The Netherlands)

1.J. M. de GOEU and P. S. TJIOE
Interuniversity Reactor Institute, Delft (The Netherlands)

J. L. van HAAFTEN ,
Research Institure for Nature Avhm'agemcjnl, Arnhem (The Netherlands)

{Received Scpiember 22nd 1974)

ABSTRACT
) Information is provided concerning the concentrations of mercury and -
sélenium in. tissues of marine animals. In marine mammals a 1:1 Hg/Se molecular
increment ratio was found and an almost perfect linear correlation between mercury .
and sclenium. It is suggested that marine mammals are able {o detoxify.methylmer.-,:. ;
cury by a specific chemical mechanism in which selenium is involved. The results °
also indicate that the fate of methylmercury in fish-eating marine birds differs funda- . ..
“ mentally from that in marine mammals, a ' R

Deep-Sea Rc-scil'rch. 1974, Vol. 21, pp. 139 10 144, Pergamon Press. Printed in Great Britzin. .'--: N _" LE T o
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NOTE

Total mercury in sea water in the northwest Atlantic Ocean
ROBERT A. FITZGERALD,* DONALD C. GORDON, JR.f and RAYMOND E. CRANSTON® -
(Re;ceived 12 June 1973 ; in revised form 2 August. 1973; accepted 9 August 1973) S o

Abstract—Total mercury was determined using a shipboard method of analysis for sea-water samples
collected on two identical cruises along a section between Halifax and Bermuda. Cobcentrations -~ .-
decreased seaward, but there were no significant vertical gradients. The concentrations, averaging . ° .
0-15 pg 171, are the highest' yet réjiorted for open ocedn water. Experiments indicated that an average.
of 57% of the total mercury car bie Jost if samples are stored before analysis for 10 daysatpH1.. | e
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The Dynamics of Metals in 1he 'Americén'_:”
Oyster, Crassostrea virginica. 1. Seasonal R
Effects? o SR

Joun M. Fraziir ,
Department of Environmental Medicine
The Johns Hopkins University »
School of Hygiene und Public Health
Baltimore, Maryland 21205 -

ABSTRACT: The seasonal dynamics of Mn, ¥¢, Zn, Cu and Cd were mvesnga(ed ina genetlcallv

similar populution of hatchery-reared American vysters, Crassostrea. virginica, maintained in plast

trays in the Ruiode River, a tributary of the Chesapedke Bay. Samples were collected monthly from'

Sepmmber. 1971 through May, 1973. Annual cyeles resulting in the turnover of large portions of the body

burden were observed for all metals studied. Subtly differeiit patterns of metal dynamics were observed as

. a résult of the reduction in bislogical variations realized by employing genetically similar oysters. Métals
- are grouped into two classes according to their dynamics; (1) Mn and Fe concentrations in soft tissues are
significantly correlated with shell deposition. A high rate of Mn turnover in soft tissues’ (upproumately 2

times the body burden per day) occurs during the shell growth season. (2) Zn and Cu concentrations are

not correlated with shell growth. Zn and Cu body burdens exhibit a gradual increase during the spring and

early summer followed by a rapid loss during August-September in which 33% of the Zn and 50% of the

Cu is lost in less thun 4 weeks, Cd behavior is similar to Zn and Cu wnh a 50% reducuon in body burden

during an 11 week period between July und October.,

“Baier Resedrelt Vol 8. pp. 729 to 133, Pergamon Press 1974, Printed in Great Braaio,

UPTAKE OF CADMIUM, ZINC, COPPER,-LEAD ;
AND CHROMIUM IN THE PACIFIC- OYSTER,
CRASSOSTREA GIGAS, GROWN IN TIIE '

TAMAR RIVER, TASMANIA

G. M. AYL]\G

Tasmanian Department of the Environment, 161 Davey Strect, Hobart, Tasmaniy, Australia . e

(Received 15 September 19-73)

Abstract-~Hundreds of oysters and mud samples from 5 sites along the Tamar River were analysed for ..” -
cadinium, copper, zinc, lead and chromium. The widely accepted concept of enrichment factors of up to -
several hundred thousand. describing accumulation by oysters of cadmium, zinc and copper {rom: sea- "
water has been found to be grossly misleading. Concentrations found for these three metals in oysters were -
only 10-40 times the concentrations in inhabited muds. Concentrations of metals in muds may be used
10 indicate whether a poteutial oyster bed would produce oysters that were grossly contaminated. Ap- ' " |
proximaltely. | ppm cadmium in mud could result in oysters containing at least 23 ppm, i2. 4-5 ppm wet: .- .
wi. Similirly, 100 ppmv zinc in mud couid produce oysters containing at least 4000 ppm, ie. 800-1000
ppm wet Wi, Three heavy metal accumuation processes were discernible. Copper and chromium appeared

to be absarbed up to a maximum weight that was limited by the size of the oyster and was independent |

of the amount of metal in the mud. Lead was not absorbed throu°h any physiological demand, but was
randomly incorporited at sites containing high concentrations in the mud. Zine and cadmium were accu-
mulated by a process thas chcw*»‘d primarily on the concentrations of thesé metals in the mud at each - .
site. Meunt dry wit concenitrations of metals in 0»\ ers and mud samples ranged from: 42-134 ppm and "7
04 10 37 ppm caditium: 200~ 1700 ppm and 3-224 ppm copper: 0 -135 ppm and 4-1500 ppm lead,; l»—w e
ppm and 2-88 ppiti thormum 1700-1-4.000 ppm and 20-300 pgint zine. respectively. - .o




THE DEPOSITIONAL ENVIRONMENT OF ZINC, LEAD
AND CADMIUM IN RESERVOIR SEDIMENTS*:

FRANK W. PitA and NORMAN J. HYNE .0 .
Department of Earth Sciences, University of Tulsa, Tulsa, Oklahoma:?4104, JS.A, -

(Received 24 September 1974)

Abstraci—Despite low water retention dams and intervening reservoirs, reservoirs located downstream
from a lead-zinc mining and milling arca contain relatively higher concenirations ‘o_f zine, lead an.d cad-
mium than reservoirs in other areas. These metals are also concentrated in reservoir bmtom,sed}mem
relative to surrounding soils. The zinc and lead content closcly'correlatcs to dq;)th of walter,. organic con;
tent and percentage of clay-sized sediments. Zinc is preferentiatly weathered and; trzmgpox}ed_[rom its;
source felative to lead. A model is developed in which the zinc and lead are _transppr,ted_ byrlom_c.: and/or
organo- metallic solution into reservoirs. Becituse of the rc!ativciy long ;esidcnc)t time of water. in _ﬁ:g_.c_:_r.;
voirs, the zinc and lead in the waler is removed by clay minerals, Mosl‘ of the zinc and I;:ld (:_onlcu_trof
the sediitients is shown to be associated with scdiments of sgeczﬁc gravity between 2'9 sind 2:9; The effi-
ciency of these reservolrs as a sink for zinc and lead rc:s'u!ts in -the rc_moval (__)_f an avetige 03 ppmezing.
and 0-C+t ppin fead from waters passing through Fort Gibson Reservoir. 7. - . e

Metal-induced hypertension fellowing

chronic feeding of low doses of cadmium

. Groups of weanling rats, fed a low cadmium'diet and deionized ortifie
with essential metals, were exposed for-1 year ta various cancentrations of cadmium
mercury, or zinc in their drinking water. Insofar.as possible, the ‘experimental
conditions duplicated those used by Schroeder and co-workegs! '

reported marked increases in indirectly measured systolic pressure folloy
ingestion of small amounts of cadmium. We found that rats given 1, 2.5
_parts per million {p.p.m.} of cadmium had average increases in systolic prassure.
of 13 to 19 mm. Hg; these increases, although much smaller-than Schiroeder ha
chserved, were smﬁsticqlly,si'ghiﬂédgi!,(p;_<_ 0.005) when cémqu'd 10! ontro
animals. Rats given 10 and 25 p.p.m. cadmium had smaller increases‘in f
ond rats given:50 p.p.m. of cadmium were sick and had significant decreases §
pressure, Five and 10 p.p.m. of mercury were pressor, while 2.5 ai )
of mercury and 75 p.p.m. of zin¢ had no significant effect on blood pressur
ather and smalier groups of weanling rats, a suggestive [p <'0.05) increase in
average systolic pressure was observed after 2 months expos
p.p.m. of cadmivm. - T e i

»

S ..o THelmildrng
DISTRIBUTION OF SOME HEAVY METALS IN ORGANISMS
IN HARDANGERFJORD AND SKJERSTADFJORD, NORWAY
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(Received 15 April, 1974).

Abstract, Near Odda, in West Norway, metal-bearing waters enter the Sorflord, a tributary of the :
Hardungerford. Unusually high concentrations of Cd, Pb, and Zn are present in mé_rinc life over .
a considerable fength of the fjord. Marine life near Odda also contained concentrations of Hg higher
than normal, At Fauske, in North Norway, marine organisms contain high concentrations of Cu, -
but this contamination is confined to a small area of the Skjerstadflord system. LT e
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. . Heimild nr. 48 .
Acute Toxicity of Various Metals to Freshwater Zooplankton® -
by M. F. Bauboui~ and P. Scorra : oo

Commiission of the European Communities
Joint Research Center
Biology Division
ISPRA Establishment
21020- Ispra-Italy

The discharge of heavy metals by industry represents a serious-
vater pollution problem due to the toxic properties of these
metals and their adverse effects on water quality. ‘
Studies on the toxicity of heavy metals to freshwater organisms -
have concentrated on fish and have yielded only limited infor.-
mation concerning invertebrates. However, it has been shown that
some zooplanktonic species are more susceptible to cations than
fish are (ANDERSON, 1950; FREEMAN and FOWLER, 1953; BIESINGER
and CHRISTENSEN, 1972). Since zooplankton is the main source -of
food for several species of fish, its destruction by heavy
metals may result in the disappearence of some fish even though
these latter may not be affected directly. ]
Therefore, more thorough knowledge of the effect of heavy metals
on zooplankton would be very useful in two rather practical ap-
plications: 1) the establishment of water quality criteria that’

. ctould make possible the conservation of aquatic life and 2) the
use of zooplanktonic organisms in the biocassay of industrial
wastes. T . - .
The present investigation was undertaken as a first step in the -
‘development of these studies, in order to determine the degree -
of toxicity of various metal salts to three species of freshwa=- .
ter zooplankton. / ) . o

. ‘-
N .
. . ~ T

Aust. J. ‘mar. Freshwa. Res., 1975, 26, 3146

Heimild nr. 49
Heavy Metals in Cultivated Oysters |
(Crassosirea commercialis = Saccostrew eucullata)
from the Estuaries of New South Wales

N.J. Mackay,* R. J. Williams,* J. L. Kacprzac,B‘A.I . N. Kazacos,® A. J. Collins,
and £, H. Auty® : ) r :

4 New South Wales Fisheries Branch, Chief Secretary’s Department, Box 30, G.P.O., N.S.W. 2001,
B New South Wales Government, Division of Analytical 'szboratorics, P.O. Box 162,
Lidcombe, N.S.W. 2141. ' )

Absrract

Results of a survey of metal levels in the Sydney rock oyster Crassosirea commercialis are reported.
Cuncentrations of copper, zine, cadmium, lead and arsenic in oysters sampled from the 19 important
production arcas in New South Wales are generally low, and in terms of the Natjonal Health and
Medica! Research Council recommendutions for these metals there is little or no health risk to
consumers, .-

Evidence is presented which indicates that metal concentrations decrease with increasing age
and wet weight of aysters. )

In oysters sampled from a single estuary, there is a gradient of increasing metal concentration
with increasing distance upstreamn from the sea. Pollution may be the cause of the relatively high
concentrations in oysters from this estuary, but further work will be required to verify this,

The variability of metal concentrations in oysters is discussed, and a sampling method is suggested
for fulure monitoring of metals in this specics.



by R. L. VAN Hoox
En mronmenzul Sciences Dwxswn

‘Oak Ridge National Laboratory*
‘ Oak dege, Tenn, 37830

Larthworms are. one- of the most 1mportant organlsms respo!
sible for mechanical mixing of ‘the 5011 end play a major .role
maintaining physical soil characterlstlcs -and processes s.c

" geration, water pemeablllty, and mineral: turnove }
Earthworms. are key components of in natural’ foad cha.lns prov:Lding
a food source for many small mammals -and birds
have been demonstrated to exert a SLgniflcant effect.on redl t

1973, REICHLE et al. 1973).
a.nd the earthworm's ublqultous occurrence 1n nature, these

study; 'the dlfferentlal accumulatlon by earthworms .

and 2n from six¥ soil series in east Tennéssee vas: determineqd,
These three traee elements were. chosen because of
_importance in éhvironmental contamination (FULKERSON et
1973, NRC-NAS 1971) aitd because of thelr ‘high- levels observ
_in earthworms (GISH et al.. 1973) In addition, zinc is reco
) nlzed as an essentlal element 1n plant and anlmal metabolism,

The Sik 5011 series 1ncluded Bodlne,;_
Emory, Linside, and Tarklin- (SWANN et ali- 1942) 4% Me
worm genera 1ncluded in our.collections: were Al&bogpera,
- and Octolasium. Semples cons:st1ng of .three replicatea of .

taken 10 m apart, of soils and earthworms contained: ‘therei
were collected from the USAEC Reservation in east Tenncsse
© areas undisturbed for the past 30 years,. Soil Bamples,consiste
of the top 10 em with vegetation. removed. Theae ‘gample '
mixed thoroughly end ashed for 2l hr-at-450'C, - Earthworms
. removed. from these soils were placed in petrl dishes n'moi
filter paper-for b days to void their gut: of soil
. genera from each sample were-pooled and freeze~dr1ed pr or
to ashing et 450 C for 24 hr. Ashed samples of s0il and
were bo:led under reflux for 12 hr in nanograde aqu

hlectrodes were then prcpared‘from the. resultlng m
determinations were mede for total Cd, Pb,-end:Zn by isotope
dilution spark source mass Hpectrometry.;_Theﬁestimamed‘accurac
of the determinations was #5% of the value orte

#Research sponsored by the National Science Fr‘.‘-m ) :
and the U,S. Atomic Energy’ Commis51on_under contract with: the Union’

Carbide Corporation.

Bulletin of Envirunmental Contamination & Toxicology,
Yol. 12, No. 4 © 1974 by Springer-Verlag New York lie,
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EIFFECTS OF COPPER. ZINC AND C‘ADMIUM OI\
SELANASTRUM CAPRICORNUTUM

LarrY BARTLETT and FrRED W. RABE
Department of Biological Sciences, University of Yduho, Moscow, Idaho
and
WiLLiaM H. Funk e ‘
Department of Sanitary Engineering. Washington State University, Pullman, Washingion, U.S.A.

(Received 2 July 1973)

Abstract - The algicidal and algistatic effects of copper. zinc-and cadmium on Sclanastrum capricornurum,
aunicelludar green algae were analyzed by using it moditication of the Algal Assay Procedures Bottle Test,

Algicidal concentrations of copper. zinc and cadmium were 0.30, 0.70, and 0.05 mg 1 7', Treatment of
Sclunastrim with various concentiations of the metals resulted in similar growth rates ch'xr.ux;rmxi by .
extended lag growth phases. ‘

Combinitions of copper. zine and cadmium were similar in toxicity to ¢qual concentrations of zine.
Combinations of copper and cadmium resulted in a greater growth rate than Lqu.xl concenirations of cop-
per suggesting that codmium inhibils copper toxicity. '

Selanastrun was able o exist in waters from the upper South Fork and North Fork of the Coeur
d'Alene River where sine and other metals were in Jow concentration. However. the algae was notable o
tolerate zioe convenurations greater than 005 mg 17! from waters of other parts of the drainage. These . .
abservativns were consistent with laboratory findings where 0.7 mg 17} zinc was algicidal and 0 lmgl™!
mhibied the growth of Selanastrim. .- .

IR

L*Qo MAY

Water Kesearch Vol 9, pp. 631 w0 636, Pergamon Press 1975, Printed in Great Britain,
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BEHAVIOR OF Mn; Fe, Cu, Zn ‘cd AND e
Pb DISCHARGED FROM A WASTEWATER TREATMENT
PLANT INTO AN ESTUARINE ENVIRON‘VIENF

G. R. Herz, R. L. IleuETr* and J M HILL]
D partment of Chemistry, University of Maryl und Colleh-. Park Maryland 2074

{Received 15 October 1974)

Abstruct—To obmm information on the fate of trace metals dxschargc.d to an ustmrme envxronmcm L
analyses have been made on water and sediment samples from Back River, MD,,- -and .on efflyent
from the lurge wastewater lreatmun plant that discharges there. Within 2-3 km of the outfall,
the concentration (in pg 17') of all metals decreases as follows; ‘Mn, >120-90; Fe, >570—300 :
Cu, 33 7; Zn. 280-9; Cd, 3.5-0.5 and Pb, 31-<4. Except possnbly for Mn and Fe, these’ dccre.;scs ’
are much greater than can be ascribed to simple dilution, so physical, chemical or blO]OglCdl Processes
must be removing metals 1o the sediments. Correspondingly, sediment concentrations of Cu, Zn,
Cd and Pb are approximately one order of magnitude higher than normally found in uncontaminated:
arcas. After the initial decrease, concentrations of Mn und Cd in the water begin to Tise again,..
suggesting remobilization from the sediments. Compurison of the estimated annual discharge of
§ trace metals to the Chesipenke Bay from wastewater treatment plants and- from. rivers suggests -
that the wastewater input may be within one order of magnitude of the. fluvial mput for Cr,
Cu, Zn, Cd and Pb. Of the metals studied, Cd presents the greafest potential for serious poliution
because its input from wasltewater probably exceeds fluvial mput it appears to be rcadlly remobxlxzcd
from scdxmums, and it is known to be toxic o many organisms. . .
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" - the second genreration of a polychaete has been followed up_;_,

“extend beyond the responses of the exposed individuals, *

' Departmem of Bm!agy,
- California State University, Long Beach,

bl chundo, Cal farma 90245 U S A. 5

IIonrr Kong lias a population of between four and ﬁve ke
nulhon and is becoming increasingly industrialized..
Already there are some 19,000 factories concentrated in a-
few dewsely populated areas and most of the effluent and - _C/zemzstry Departmerzt R
sewage is discharged untreated into the 'sea. Elevated = Hong Kong Baptist College '
hcavy metal conecentrations have been recorded in the 224 Waterioo Road, - - 4
receiving waters, Lead has 160 tities and cadmium 180 ,Kowloon, Hozzg Aong
tinies the concentration found in the open ocean, RN

m Lsﬁt‘a rine Sﬂmmem

Analysis of sedxmwts taken from various levels in the
lightly polluted River Blyth in Northumberland shows that -,
quite high conc entratxors of metzls can be accumulated
in sednnents. : :

[agll . L

A little known observation. that cxposure 10 sublethal
concentratlons of detergent causc fatal abuormalitics in

and similar abnafinalities have been observed in the first
or second generation of larvae exposed to ‘sublethal .-
concentrations of copper and zine, Few toxicity tests;_’;

The discovery of a delayed reaction to sublethal coneen-’ i
trations of common contaminants of the sea has unkumm
but pntculmlly nmportant ccolo xcal nmphcanons.

Long Beach, Califor m‘a 90840 U.S A

o :Fig'._ '_:1'- ‘Abnormal larva of C"api{e_ll;l-vcdé)iram;'

Southern Cal:forma Coastal Water Research; Project;
1500 £. Imperial Hwy., "

Factors Infh semmg ’E‘mce EﬁememvNeeﬁg andi‘
Tolerances in Van i Hetmild e,

Concern is voiced ahout the hazarda of heavy mctal o
pollution of the sea #md trace clements in food. In fac <
weany of (hiese substaunces are essential for human hea]th Commonwealﬂz Sczentzﬁc and Industr(a' :
&nd occasionally the margin between minimum needs and . Research Organization,
wiaimum tolerance is a very slender one. The chemical Flarear Park, Westem Az;straha
fornt of the trace element and the interactions between
different trace ¢lemients included in the diet are alsd often
important  in deciding  between  health and hazard,
Maonitoring foods and the cenvironment for the effects of
oltution therefore demands subtlety and an awareness of
this complexity which is usually missing,

e o A e demmar o selat o Tl Al
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[ B’}fﬂa;@@ [Vi¢ taa
‘ Qysters reared in power station cooling water were
fornd to have accumuiated ligh coucentrations of copper
aid zine. The reasons for such clevated metal concen-
{(rations and the relevance of these ebservations to shelifish
cuiture have been examined and emphasize the cace that
taust be taken to nvold unwitiing contamination of culture
P b\:

YN nteyrawr Tl en by beb e -
Dietary Habits and He
C e e Y ) }‘_ f‘w
LONRCeTEaTICns fl{)i LSM'; FOIN
"‘ i 4“ TR T W
and Bristol Channel

Comparisons of the rates of growth, feeding habits and
hc.l\) metal levels of flounders from Burn,tqple and
Oldbury-on-Severn have shown that at all ages the fish
from the North Deven cnast are larger than those from
the middle Severn cstuary aud that there are marked
differences in dict. These dillerences in diet may con-
tribute to the mudi higher 2inc levels of the Rarnstaple
flounder samples. .

“race Metal Concentr
r_i .
ﬁme ‘r%’»a*zagmﬁ Channel

Brows. semweeds ace unable {o regulate thelr uptake of
trace metals and can thiereforé be used to provide u
vunniag average of metal coniamination in the surrounding
waters, There are many sources of crror, however, snd

o fucfors that influsnce the metal concentrations 'in the
weed, This becomes particularly important when com-
paring the results of different investigators,

I Problem in P@Hﬁm@

Py

eavy Iy

tr iﬁi@ﬁs in ﬁ*wwfs ﬁ}z @m

misleatding results can be obtained if attention Is not paid.
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C.R. BOYDEN
Applied Geochemistry Researc/z Gmup, DR
Imperial College,
London, S.W.7 S R
M. G. ROMERIL -
Marine Biological Laboratory, ‘ '
Central Electricity Generating Board,
Fawley, Southampton, SO4 1T

/T adeend
‘otal

1 the Severn E“s‘éazzwy?f
Heimild nr.. 58 '

Tn the six other fish species \\hich have been examined,
there is a distinet correlation between the cadmium
concentrations  of the tissucs and the proportion of
crustaceans in the diet. Lead cuacentrations appear, to
follow a similar trend, but no relationship could be de-
tected between diet zmd tzasuu zing levels. . '

[

M. W. Harpisty.
S. KARTAR =
M. SaINSBURY

University of Bath,
Claverton Down
Bath, BA2 74Y, England.

Heimild nr. 5

R. FUGE
" K. H. James

Deparinent of Geology,
University College of Wales,
Aberystwyth, Car ds

Wales -
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Heavy Metals in Organisms of the Aﬂam tic Coast
~ AT ¥ " vl Enpeiryr ey
Ui i‘e\ \i]r; e 'f"'i 20T LR FL 431 ﬁt:gg Heimild nr.- 60

Very high concentraiions of copper lead, zinc,and to a
Josser extent mercury, are present in the estuary of the Rio
Tinto in South-West Spain. At the wmouth of the estvary,
fhe concentrations of these metals full very sharply towards
(e natuzid lovels of these metals in organisms living in this

part of the Adantic.

R.D. STENNER
Department of Inorganic Chemistry, " G.NICKLESS
School of Chemistry,

University,
Bristol, B58ITS, UK.
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Heavy TVE etals in Somers @t I\f zaﬁ'me @Egamgms

w"‘"‘“ independent studies of heavy metal pollutmn v '
. (he Severn Vstuary and Bristol Chiannel are in pro- County Anahsz.s Laboratorv .
[ress The County Iealth Department and Public  Cownty Hall, Taunton, ‘
snll\"t have been examining (he accmnulation of  Somerser, UK.
wclils in marine shove animals and the food chaiu, and . R
report their results and conclusions. , I (’onwd Wills Field Cen{re. - g
1h’ release of industrial wastes intn the ecinarial A’pf]{{:c*o”}be Coz(rt‘
Williton, Taunton,
Somerset, UK,

i +J. H., CROTHERS

Health Department, :
County Hall, Tmmron, -
Somerset,. UI\

Heimild: nre 62 -

Distribution of Ca uﬁ’ﬂﬁ’iﬁﬁﬁ I{Je cE md Zine
in the Bristol Channel -

More news from the Sabrina Project on heavy me(al o
poliation in the Bristo! Channel, this time affecting the
Welsh side. While most of the contamination probably '
originates in the Avonmouth aréa, a secondary source Department of Inorganic C henuv!r),

of zinc and c‘.Jmmm polluticn scems (o cxv;t in the School of Chemistry,
ncighbourhood of Swansea, .o~ , The University, : Bristol, B.SSITS UK

. NICKLESS **
R, STrNNTR
- N. TERRILLE

The toxicity. of copper, mercury :uxd zinc to the larvae
of oysters, shrimp, crab and lobsters Iras been examined
over periods-of up to 64 hours. Mercury was found to
be more toxic ian copper and zine, which had similar =7
levels of toxicity. Over the experimental period, the re- I"i.s'iz'e" ries ﬁzba’m ory
Intionglip between toxicity and concentration was ‘p n ham-an Cmuc i
linear. Loyvae wore from 14 to 1,000 times more oo ex, UK .
suscepiible than adults of the same species. The median .
lethal concentrations (LC,,) of each metal to the most
sensitive species of larvae, tesied over a 48 hour period,
exceeded the concenirations found In natural sea water
by a fuctor of 1u0. For longer test periods, the LC,,
would be considerably less and this factor would then
be cumsiderzbly reduced. Hence the continved addition
of these metals to coufined waters should give cause
ior coneeri
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Toxicity of heavy metals is usoally measured in acute

tests but in a natural situation their seb-lethial effects
way be at least as damaging. ‘Fhe effect of heavy metals

on the growth rafe of a worm and a brine shrip, as.

wcll as en th m mormhty are dz cu,eed Licye.

T A A, . COW
s PG ETELYY & \.j- I
Distribut ionm of H
T L ,
LGt nnen i
Jilis Eb.w!lli y
There has bieen cousiderable agitation in receat

monihs about lieavy metal ;,ummon in the Bristol
Chinenel and Severn ¥stoary and on land arcund
Bristol, Concentrations of zinc, cadmimn and Jead in
water, sedimtents, seaweeds and shore animals are ve-
corded front a number of siles on the soutliern shore
of the estuary, Contamination is defectable ninety miles
downstream of Avonmouth where the highest concen-
i .’dio.x» of txmse heavy metals are found.

Pllgration ¢
Estuarine System

Charles W. Holmes, Elizabath Ann Slade, and C. J. McLerran

U.8. Geological Survey, Corpus Christi, Tex. 78411

¢ A survey of trace-clement levels in the estuarine sedi-
ments of Texas shows that Corpus Christi Bay has anom-
alously high concentrations of zinc and cadmium. Maps of
elemental abundance within the bay indicate large con-
centration gradients, the highest values being near the
hurbor entrance. Seasonal determinations of metal levels
in the harbor and bay waters also revealed variations with
time, During summer, stagnation of the harbor water in-
creases the concentrution of metals so that significant
q\mr,titic_:. precipimu- in the reduciny environment of the
bottom water. In winter, the E‘((‘hange of water between
the hay and the harbor increases, and metals are redis-
solved from harbor deposits, washed into the bay, and ad-
sorbed by purticles settling to the bottom.

3P0 v. hom corresponden. « should be addressed.

nri Re df tﬁ'zbtman af ch angd Cadswum in Pmarma

tals on Mortality :samﬁ

Helmlld nr. 614 _l"l ,

.. DB.BrOwN
M. AHSANULLAY
Departiment of Zoology : o
and Comparative Physiology,
Queen Mary College,
London, E.I.
UK.

Heavy Mietals in the S@V@m

Heimild nr.- 65

J. BUTTERWORTH
.. P.LESTER ..
- G. NICKLESs

¢ .

Department of Inorganic Chemzstry,, B
School of Chemistry, a
The University,

Bristol, BS8 ITS, UK.

During a survey 'of the trace-element distribution in the
sedunems of Texas bays and lagoons, ‘anomalous zinc an
. cadmium- Jevels were found"in ‘Corpus Christi Bay, B
cause zinc has been found to be’detrimental to fish: and
other aquatic life (Pettyjohn, 1972) and becax,.se cadmium’
is a known toxin to man, these elemems posc 8 threat ta
the estuarine system. Although zine does ot appear to be
hwhly concentraied in’.the marine food chain’. (IDOF
19792), it may pose a greater hazard i in the dissolved state
where it can interact freely with nectonic life.’ Cadmu.m,
on the-other hand, does become concentratéd in the food .
chain .and is therefore'a hazard in any, chemical state.
This report presents data on the distribution of these ele-
ments in the sediments, their seasonal variations, and’the
pathways by which they move w1thm the estuarine sy,
tem. . 5 : S

" Volume 8. Number 3, Mafch 1974 ‘255 B
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~ John 8. Gray .

" Wellcome Marine Laboragj\:y R ld'} Ventilla®
: -,o,na . Ventilla-

. University of Leeds,
~- w.- -  Robin Hood’s Bay,
i N. Yorkshire, England.

Pollution Effects on Micr'on- ahd

5 Although the conccntmtxons of pcstmdcs and heavy metals .
in potential sea-food is cwrently atiracting wxd«.sprcadv
} attention, the effects of pollution on lower trophic levels in. .

the sea remain almost unknown, In the sediment ecosystem ™~ rclauon to salxmty, tempcrature pnd. somé
i pollution could have far-reaching consequences at high “pollutants were established. From thxs knowledge 3
|

trophic levels through for v.\amplc alteration of the : . of food was maintained in. expcnmcnts mcasuxm
composition of important species at low trophic levels in - growth rate of Crxsttgera.‘ Growth rates of Cn_vtggera wer

.

.. food webs, or by irradication of organisms fundamental to -7 - measurcd.as increase. in number of: cclls per umt time, us
{ the l)rcul\down processcs of the c.u‘bon, mtrogcn and’ a Coulter Model A partxclc .counter, :with: pe.rlodl direct:
sulphur cycles. ’ v microscopxc cxammatxon of sub-samples to- chcck accuracy-
. Toxic effects of pollutants have been assessed mamly at -
| high trophic levels (Portman 1970), and only acute effects :
i involving 48 or 96 h L.C.,, tests have been considered, Of ,place m the prcsent rcport and’ wﬂl be gwen in, xubscquen
potentially greater long-term importance are the synergistic - - papcrs) A routmc temperaturc of 15 C x40,
effects of low levels of pollutants on growth, respiration
and fertility rates and the possible alteration of behavioural -
patterns caused by pollutants, The large size and rel.xtlvcly_ .
long life-span of commercially lmportant marine species’”
renders studies of the effects of pollutants on complete:
life-cycles difficult’ to accomplish, Thus, smaller animals
have advantages in pollution research in having short
life-cycles and being casy to manipulate expcrumm.xlly. B
The effects of pollution on genetle . stability "is also of : -
fundamental interest and rapidly reprodut.xng specxca are of '
importance in this context. :

" The archiannelid Dmophxlus gyraczlzatus O. Schmidt
cultured on-a diet of ground de¢ J:~frozen spinach: (Akcsson,
1970), at a temperature of- 16 Cd:l C and @ salin

. continued uum the F, gcneranon hatchcd -

Marine sand beaches contain an abundance ofmxcxo- :md' . The pollutants tested for. their, ‘effect’ on. growth.
meiofuuna which provide ideal experimental material for - 'were common - North- Sea. pollutants (1.C. E.S.. Coopcratxv
pullution stucies. In addition to being small (by definition) " = Research. Report Scncs ‘A, '1969); namely" ‘heavy . ‘metal
most species have short life-cycles and undergo direct . phenol, and sulphuric acid, Conccnuéuons used were belo
development, -without planktonic larvae and a variety of - levels that caused complete inhibition.of grow;h ‘rates, a
truphic levels exists in accessible communities. synergxsnc effects of low levels of pollutant were ‘the mai

A large section of the sand-beach micro- and mcxofaunu interests, Experiments followed a. 2% factorial desxg
feeds at the primary uophu: level on bacteria and micro- - replication, but will . be - cxtendcd}‘i 0+, ENCOMPass; ;
.algae. As no information exists on the effects of pollutants = factonal design where’ interagtion térms are non-lingar. Th
at this trophic level, a bacterivorous ciliate protozoan and a - 8% factorial design.will enable: ‘linear, quadratic” and ‘cubi
mx;roalgivorous archisnnelid were »sludicd. The ciliate, componcnts of the n.sponse curvcs to: be c:tabhshed
Cristigera spp. was isolated from beach sand at Robin thy
Hood’s Bay, using the secawater-ice extraction method

Cadmium, Nickel, Lead, and /mc in E:ﬁzr”thworms from Readsrde \sozl

Helmlld nr. 68

Charles D. Gish' and Robert E. Christensen? :
Patuxent Wildlife Research Center, Bureau of Sport Fxsherles and Wlldhfe Laurei Md 20810

& Cd, Ni, Pb, and Zn in soils and carthworms along two
Maryland highways decreased with increasing distance
(10, 20, 40, 80, and 160 1) from the roadway. Metals were
quantified by atomic absorption spectrophotometry.
Metal residues were higher al the location along each
highway where traffic volume was greater. Correlations
hetween residues in earthworms and soil decreased with
deereasing atomic weights (Pb > Cd > Zn > Ni). Metal
residues in soils were po«mvel» correlated with quantities
of soil organic matter. Earthworms accumulated up to
321.4 ppm of Pb and 670.0 of Zn, concentrations which
may be lethal to earthworm-eating animals.



Certam B1ologlca1 Effects
Upon the Ammal Orgamsm

,; de Brum, PhD Anwterdam

tn 8 comprehenslve revlew ol the sclentlhc mer- lead might be employed. Or developed lo (he point:

alure, oll of -the blological, for the most part blo- ;',‘“‘_'-.»01 empioyment, in order 1o recognize the lukelxhood_
chemicel, phenomena which are known fo result '©  of the occurrence of clinical lead poisoning jn'time :
trom the sbsorpiion of lead in measurable quan-- - lo prevent its ocgurrence. Of grealer lmpor!‘ls the
tittes Into the bodies of animals and men have been .. _demonstralion ‘of the multiplicity ‘of effects which:

..sufficlent- concentrations of lead may- indu
biochemlstry‘ and_ phystofogy of anlmals.

assembled. An attemipt has been made to Indicate . . :
the extent to.which the quantitative measurement .
of cortain of these reactions to the absorption of -

| TOXICOLOGY AND APPLIED P‘HARMACOLOG\'!.M25,‘ 8449} (1973)

. Effect of Chronic Lead Treatment on.Renal Function
St T Gy H. Hmsc
lermacology Dwmon, Health Protection’ Br(mclt; Tum:ey s Pa.

. ‘ Ortawa, Ix! A 0L2 Omarz

Recewed Jaly 2] 1972

contammg 1 ‘7 or2 % lead acetate. for 10—40 weeks the kxdncy wcxght body
weight ratio was increased: Renal tissue water content. ‘was not changed-
© Accumulation of PAH. and TEA by rendl cortxcal shces from tteated ra

metabolize pyruvatc was decreased Doses of 200 ppm- lead or' 1
no effect on these parameters Rats treated with:1%.or’ 2% Iead cetat
showed an incrédse in the percentage of an injected dose of PAH excres

in 2 hr. Treatment of dams at parturition with 2% or4%. lea,d-,acetate
resulted in-an increase m the kxdney wexght body welght‘.ratlo in thc

- “slices, and a decrease in renal gluconcogencsns. Hxstologlc exammatxo
- -+ . kidneys after lead treatment showed varying degrees of: vacuolar degenera:
" tion and cellular necrasis, and the presence of some lead inclusion:bodies;
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Caarierh Revicws o Bieplysivs 'y, 1 {1074), pp. F5=124:

CPrinwd dn Great Britain

_ L Heimild nr. 69
Heavy metal toxicities —

AN DHRIENMNER
Rowett Research Tnstitite, Bucksburn, Aberdeen, 452 ¢SB
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Effects of 15 Common Enwroumental Pollutant', on .
Eggshell Tlucknes@ in Mallards and Coturnix

- by
MAx A HaxrceLe and Ru wmn K. Tucm:n

Bureau of Sport Fisherizs and Wildlife
Denver Wildlife Research Center
Bldg. 16, Denver Federal Cclgler .

Introduction | - Denuer, Colo 80225

Eggshell thlnnlng has been documentedgln se era .Npecies of
fish~eating and raptorial birds in recent-years’ ZANDERSON e: A,
1969, FYFE et al. 1969, HICKEY and  ANDERSON 1968, KEITH et al.
1970) High residue levels of DDE, the principal metabolite o

. DDf, Were found in the affected birds and their” eggs.i'Most‘ e
searchers believe that DDE is the causative: agent‘in the shell_
thinning phenomenon (ANDERSON .et al:.1969, 'CADE" e ]
et al. 1969, HICKEY and ANDERSON- 1968 KELTH et’:gli¥
1970 b). . However, laboratory studies ' with Birds" given DDE?hav'
not shown shell thlnnlng of the magnitude (as’ much./as | 504)
in some species of wild birds, .(RISEBROUGH et al. 1971)
ample, studies with penned ducks (HEATH et al,1969; LONGCORE,et
al. 1971) have shown that DDE etan cause eggshell thinning of i

to 23%. The lower degree of thinning?in‘ducks' may‘b “due‘po
species differences, or to the possibllity that-the re 1 _‘
this and othef species under- laboratory conditions: ‘may: 'no
presentative of those of fish-eating and.: raptorial_birds i of
wild. However, it is also possible that add1t1ona1ﬁ¢hemicalu.
partly respon51ble for the greater shell thlnning .and’ reproduc-
tive failure seen in some wild birds. : Long-: and’ extensive.use of;
DDT has led to the ubiquitous occurrence. of : the: stable mecabolit
DBE in the environment . (HICKEY 1969), but: ‘other" chemlcals; ¢
mercury; lead, .and polychlorinated. biphenyls,-have’ also been’ shown
to be widespread environmental : pollutants (KNAPP: 1970, LAZRUS: et
al, 1970 PEAKALL and LINCER 1970) - This: study was cdnductei

shell chinning‘ Fifteen common peacicides and envircnmenr:al
'pollutants. Jdncluding DDE, were. tested by 8 rapid. ahorc»term

Procedure -

: Eighty—four unmated female coturnix quail coturnix’
Japonica) were randomly distributed into 14 groups'.of: 6 ‘each and
placed in individual indoor cages on a regimen .of: 14 ‘hours- of
light and 10 hours of dark., Eighty female mallards (Anas
platyrhynchos) in their first reproduccive season .were randomly
distributed into 16 groups of 5 birds each.and: placed in. outdoor
cages.  Eggs were collected from all birds for- 6 :days.’ ‘to. obnain
an average pre-treatment eggshell thickness, Each group was?
orally administered a single dose.of one of the chemicals, by
gelatin capsule through glass tubing to the level of the. proven-
triculus. So that maximum shell-thinning potential. for each ﬁ'
chemical would be expressed, dosages were. chosen to be high but

9 N

I‘lu{hlm of Environmental Contamination & Toxicology, NS
sl 11, Moo 3 & 1974 by Springer-Verlag New York Inc.
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TOXICITY OF HEAVY. METALS ‘AND SALTS T
| "EURASIAN WATERMILFOIL
(M YRIOPHYLL UM, SPICATUM L.)

_ RONALD jA‘ ,TANLEY

Environmental Broio;, y Branch

Division” of Environmental P!annmg

. N Tennessee Valley. ‘Authority
- o : _ Muscle Shaals Alabama "35660

in the substmte

F1f ty precent mlubmon of root we1ght occurred with 'concentrat
"Cut?, 1.9 ppm Cr,0,~2, 3.4 ppm Hg+2,.2.9 ppm-AsO3*
2.5 ppm Al*3, 9.9 ppm Cr+3 41.2 ppm Ba+’-’- , 21.6 ppm Z:
224 -ppm CN-1, 143 ppm’ B407"2 363 .ppm Pb*2,-1Q, P )
8,183 ppm NaCl Sou increased. tox:cxty &f Cr+2-and Ba"2 but decreased 'oxicu of b
Cr; 0,72, Cu*2, Cd+2, Al*3,and Hg’f2 - isti ater, ‘CaCls ] S
tox1c1ly of Cr+3 but not Cr207"2 e

~length and inhibition of weight and between mmbxtlon ‘
' :shoots. Tlowever, Cr207"2 dxsproportxonately decrcased dry wexght---and Hg+2
1 and Nap804 disproportionately “decreased ‘stem- length growth. With -Cd*2: and,
" Cut2 stem length was greater relativé to other measures-of: growth “Toxicit
N2, S04 and NaCl was the samé when concentrations were calcula \
pressure but not whz,n calculated as Na ato ‘r as total mols l ul s/L

plants data on thexr response to tox1c chemxcals are. fragmenta_

Most reported stuches on toxicny have concemed ‘copper..and arsenic’ compound
~becatise of their use as herbicides, Arsenite at tén ppm killed. water, hyssop and ‘parrot-’
feather in ‘Flotida (Phillippy 1961) and at: four- ppm killed- ‘part “of a-population: of:
- Potamogeton and Alisma but did not kill Sagittaria (Cowcll 1965) Arsenate at five’ ppm
killed Potamogeton, Najas, and Anacharis but did- net kill N, ymphaea and. Sczrpus i
hatchery ponds (Surber and Everhart - 1950). ‘At thr;e ‘ppm. Cu+2. Hnd no-effect: on:
Potamogeton, Eriocaulon, Scirpus, Pontederia, Juncus, or Nympi:aea (Smith 1939) but-
at two ppm inhibited growth of purrotlmther (Sutton and Bl.zckbum 1971).

Archives of Envitonmental Contamination’ 331 ;
and Toxicology, Vol. 2, Nou, 4, 1974, ® 1974 .
by Springer-Verlag New York Inc. ’ A
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THE DISTRIB UTION OF HEAVY METALS IN THE RED
ABALONE, HALIOTIS RUFESCENS, ON THE - =
. CALIFORNIA COAST  Heimild nr. 72°
VICTOR ANDERLINI i

University of California
Bodega Marine Laboratory -
P.O. Box 247
. Bodega Bay, California 94933 -

The gills, mantle, dxgcsuve gland and foot muscle of 74 specimens of ths. red‘- e
abalone, Halioris rufescens, from five localities on the California coast were analyzed w0
for eight heavy metals: Ag, Cd, Cr, Cu, Pb, Hg, Ni, and Zn. The dlsmbuusal of -
these elements in the abalones appeared to be non-normal and the non- paramn.tnc-t i
Wilcoxon U statistic was used to compare sample concentrations. No correlation‘of -;
metal concentration with size was found. High concentrations of Cd (up to-
1400 ppm) were found in the digestive glands of all samples and are. as;umed to - o
represent natural levels: Cu and Ag concentrations appear to be inversely correlated, ™
with Cu decreasing and silver increasing from north to south. High Hg. concentra->
tions in the La Jolla-Long Beach arca appear to reflect pollutant mputs elsewhere
Hg levels appeared to derive from natural soun.es. : . O .

Toxic B Effects of Trace Element

on the Reproduction |
of Mice and Rats |

A. Schroeder, MD and Manan Mztchene;, ,Hanover ‘NH, and Brattleboro, V(

Henry

Breeding mice and rats were exposed to Iow '
doses of six trace elements in Hrinking water in
an environment controlied as to contaminating
trace metals. Each group was carried through
three generations. Compared to control mice given. -,
only doubly deionized water, selenate (3. ppm .
selenium) resulled in excess deaths before wean- -
ing, runts, and failures to breed. Lead (25 ppm)-
and cadmium (10 ppm) resulted in loss of the . -

ties. Molybdate (10 ppm molybdenum) was slight-.
ly toxic in this respect; and arsenic resulted only-
in elevaled ratios.of males -fo' females. In rats,
tead was very toxic, and fitanium and nicke! mods.
erately toxic, resulting in many early deaths and -
runts. This method provides fairly rapld estimates -
. of innate toxicilies of trace elemems in doses
ivlerable lor growth and sumval. i T

¥ Helmllo. nr : »'7 i

Cadmium, ch Copper and.Lead
in Human Renal Cortex "

Magnus Piscator, MD, and Birger Lind, Stockholm -

Arch Enuzron Health——-Vol ”4 June 1972 5

" strain In two generations‘ wilh. many -abnormali=. -

Analysis of cadmium and zinc in the renal

cortex of 67 Swedish subjects disclosed the
same dependence on age as in US subjects.
In the 6-50 year age group, cadmium content

- and the cadmium-zinc ratio were correfated to -
" age; therealter, there was a decrease in cadmium

and zinc and in the cadmium-zinc ratios. The
increase ip zinc paralleled the increase in cad-

i, The difference between total zinc and the.
amount of zinc equivalent o the amount of cad-~
mium provides a measure of the’ physiological
zinc conient of the cortex; this fraction,” 160
ppm (based on dry weight of renal cor(ex), did

not vary with age. In the age groups over 60,

cadmium content was slgmhcantly lawer ln WO
men thah in men.. L
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MUTAGENS AND POTENTIAL MUTAGENS IN THE BIOSPHERE
II. METALS—MERCURY, LEAD, CADMIUM AND TIN*

LAWRENCE FISHBEIN
National Center for Toxicological Research, Jefferson, Ark. 72079 (U.S.4.)

(Received September 29th, 1973)

SUMMARY

Comparative data (w here\ er aviilable) have been prﬁ:sx.med on the. amounts‘
and residues in the environment of a small number of mutagenic-and potentially BENE
mutagenic metals focussing on mercury, lead, cadmium and tin (and their principal B
derivatives). Primary consideration has been given to aspects of their production and/ SO
or occurrence, reactivity, disposal, concentration, transfer, longevity, bxochc.mxcal and .,
toxicological nature of their residues in the various biosphere compartments

lelgokinder wiss. Meeresunters. 20, 293--303 (1970) - Heim:l.ld IlI'“ . 76
* L . ‘_.
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Opbryotmrba labronica as test ammal for the study
of marine pollution

B. AKESSON

Zoological Institute; Lund, Sweden

RURZFASSUNG: Opbryotrocha labronica als Versuchstier fiir das Studium mariner Wasser-.
verunreinigung, Der Polychaet Ophryotrocha labronica hat sich als geeignetes Testobjeke fiir
Unnnuchuuwn iiber Probleme der Verunreinigung von Meeresgebieten erwiesen. Als Kriterien
fir dcmrugc Untersuchungen kdnnen herangezogen werden: Wachstumsg \.schwmdxgkeu:, Re-
produktionsleistung, Dauer der verschiedenen Entwicklungsstadien, Sterblichkeit sowie Be-
obachtungen iiber Buve.gunbcn und N'lhxungsaufna]um Die Grdle des Polychaeten iiber-
schretet k'xum 4,5 mm. Er ist herbivor und kann in grofler Anzahl in verhilinismiBig klei-
nen Geldflen g"«n/phng geziichtet werden. Bei 20° C wird die Entwicklung in weniger als
cinem Monat abgeschlossen. Die Reproduktionsleistung ist sehr groB. Pro \Vexbchen werden .
durchschnitelich 120 Nachkommen produziert. Die Ziichtungsmethoden werden beschrieben und -
dic Ergebnisse einiger Versuche iiber den Einfluf von \Iahrung, Temperatur, Salzgehalt sow:e
von industriellen Abfallstoﬂen (Schwefelsdure, Athyhnglykol) mitgeteilt.

rs
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Brennisteinstviildi, SO2

Tilraunir hafa synt ad &hrif SO, 1 andrfimslofti &4 grédur

virdast fyrst og fremst vera bau ad COQ—ném plantna minnkar,
jafnvel vid tiltdlulega 1&gt 80, magn. Talid er ad 802 sameinist
aldehydsambandi innan pldntunnar og myndi svonefnt alfa hydroxy

" sulfonat. Minnkandi.COz—ném pléntunar stafar svo sennilega .af

pvi ad alfa hydroxy sulfonat hindr: naudsynlega ensimvirkni

innan pldntunnar.

Ahrif S0, mengunar 4 fléttur hafa verid mikid konnué He fur

mengun af pessu tagi haft gifurleg neilkved ABYif & fléttugrééur o
& vidattumiklum svedum A noréurhvell jardar.

Athuganir & &hrifum 80, & menn hafa leitt 1 1j6s ad S0, hrelnsast“
mjog vel Gr loftinu 1 nefl en jafnframt hefur komid 1% lJés ad
ondunargangur um nef prengist ef SO2 er 1 1oftinu; Petta eykur

likurnar & pvi ad Ondun. fari fram um munn bar sem mun meira magn
af 80, myndi komast nidur I lungun. Aukid magn SO 1 andrﬁms—f”
1o£t1 4 loftmengudum svaedum er 4n efa einn af pelm ﬁéttum sem '

veldur auvkinni tidni lungnasjtkdbéma hjé moSnnum. ‘
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EXPERIMENTAL STUDIES ON SULFUR DIOXIDE
INJURIES IN HIGHER PLANTS Heimild nr. 77

1. Formation of Glyoxylate-Bisulfite in Plant Leaves Exposed to Sulfur Dioxide

HIROFUMI TANAKA, TOSHIHARU TAKANASHI*, and
MICHIHIKO YATAZAWA

Dept. of Agricultural Chemistry, Nagoya Univ., Chikusa, Nagoya, Japan
(Received 16 June, 1971)

Abstract. Reversible decrease in COz fixation has been reported in rice plants exposed to low con-
centrations of SOz (Maisuoka er af., 1969). Alpha hydroxy sulfonate is thought to form in leaves by
an addition-reaction between plant aldchydc and SOz, and to inhibit the process of the photosynthesis.
However, the identification of this compound in the leaves has not been successful.

This report deals with the results of the radiochemical experiments to examine the occurrence of
glyoxy late bisulfite, a-hydroxy sulfonate forms of glyoxylic acid in rice plant leaves exposed to radio-
active sulfur dioxide. In plants exposed to SO, sufficient amounts of glyoxylate bisulfite could be
formed and thereby inhibit the progress of the path from glicolic to glyoxylic acid.
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Warer, Air, and Soil l’a/lulmn Y1972y 333336, Al Kzglus Keservéd
Copyright © 1972 by D. Reidel Publishing Company, Dordrecht-Holland
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EXPERIMENTAL STUDIES ON SULFUR DIOXIDE INJURIES -
IN HIGHER PLANTS Heimild nr. 78

1. Disturbance of Amino Acid Metabolism in Plants Exposed to Sulfur Dioiide
AY

HIROFUMI TANAKA, TOSHIHARU TAKANASHI“ MASAYA KADOTA,
and MICHIHIKO YATAZAWA

Faculty of Agriculture, Nagoya U/uvers/ry Chikusa, Nagoya, Japan

(Received in final form 25 April, 1972)

abstract. Photosynthesis is reversibly inhibited by exposing plants 10 SO.. The formation of a-hy-.
Jroxy sulfonate in the exposed plants is suggested as one of the effects, because this compound inhibits
glycolic oxidase which is necessary in the glycolic acid pathway. The suppression of the glycolic -
scitt path should aflect various aspects of metabolismi in plants, particularly the reduction of the *
niosynthesis of glycine and serine. In this paper, the biosynthesis of these amino acids in plants
aposed to SO» was investigated to estimate the significance of the formation of a-hydroxy sul-
fonate in the plants. The results show that photosynthetic formation of serine was reduced in the .
exposed plants, and that a-hydroxy sulfonate was formed. —

T Areh Environ Health—Vol 24, Feb 1972
He:x.mlld nr. ‘79

Long-Term Continuous Exposure
to Sulfur Dioxide in Cynomolgus Monkeys

Yues Alarie, PhD; Charles E. Ulrich; William M. Busey, DVM, PhD;

Alex A. Krumm; and Harold N. MacFarland, PhD, Falls Church, Va

Cynomoigus monkeys were exposed {o sulfur di-
oxlde while a control group was exposed to filtered
air. The exposure was for 24 hours a day, seven
days a week, for 78 weeks. Frequent measurements
were made to evaluate mechanical properties of the
lung, distribution of pulmodary ventilation, diffusing
cupacily of ithe lung, and arteriai bluvod oxygen
tension. Hematological and clinical biochemical de-
terminations were conducted.. Microscopic evalua-
tion ¢f organs and tissues was condutled at termi-

“nation of the xpasure of the animals. No deleteri-

ous effect could be attributed to SO. exposure at
concentrations of 0.14 to 1.28 ppm. Following 30
weeks of exposure to 4.69 ppm, an overexposure
occurred in this group. This was followed by de-
ferioration in pulmonary function which persisted
during the {ollowing 48 weeks of observation, and
alterations in pulmonary tissues were ohserved upon
mlCYOSCOPiC &xamination.
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Nasal mucus flow rate, alrway resist-
ance, and subjective response was stud-
led In 15 young men during six-hour expo-
sures fo 1, 5, and 25 ppm sulfur dioxide - -

{50,). A significant decreas_e in _nasal
mucus flow rate during 5- and 25-ppm ex«

posures was observed. This decrease-
was greatest in the anterlor nose and In-

subjects with an initially slow mucus flow

" Water, Air, and Soil Pollm:on 3 (197 L) X] 16, Al Rix,'lu.\- Re.vervctl
Copyright & 1974 I by D. Rem’cl Publn/uug C ompa)u' Dordreclu-flo[land

(Recelved 1 May, 1973 ih revxsed form 5Se

Abstrqct Photosymhesns decreases reversxbly in plams exposed to SO2. Photosynthesis récovers.y
the expostire to SO is discontinued. Inactivation of a phatosynthetic enzyme, nbulose-l,
carboxylase, by sulfonation of its SH groups was m\esugated as’'a cause of the reversible
of photosymhesls. The relationship between the sulfite i 1on concentration m the. reactxo' mxture an

using radxoautxve NaHCOs.

About 509 and 85 % inhibitions of 14COz ﬁxatlon were: observed at 3 10-3 M.and :3-X 10 _
conckntration of sulfite ion in the reacuon mixture, respectively, The accumulauon of 3)< 1074 M._
sulfite ion on the reaction site of the enzyme involved in the plants which [
considerably reduce the COz assimilation of the plant. .-~ .

Arch Enwron Health/Vol 28, Jan 1974

'MICHIHIKO YATAZAWA - B
Dept of Agrxcultural Chem:stry, Nago;a Umve;.my, Cl'ukusa Nagoya Jape

than 1% of the S0, inhaled, even after a .

‘fate. Pharyngeal alr sampies yialded 1éss

. six-hour exposure to 25 ppm SO,. An in- .

creased nasal airflow resistance and a-’

fall In jorced expiratory volume In:one
second and forced explratory flow during .
the middle half of expired volume was
found at all exposure levels, but there was

no change In “closing volume.” Dis- .

'- vaud

: HIROFUMI TANAKA TOSH HARU TAKANASH

_comfont was proponlonal lo S0, concen- "
~tration, hut never excessive, Sublocts with,

Initlally’ slow nasal mucus flow rates ex«

- perlenced. the - greatest discomfort.:The
. .acute effects of $Q, exposure appear.to
‘Justify reduction of the present threshotd S
- Umit valug of 5 gpm-te 1 ppm, and provlde bt
.~ support  for - fleg .
: bronchoconatrlctlan.

] nascbron hial

‘5-d1phosphat

explored

ferrosnlsmm

Stgvutslipp fra ferrosilisiumproduserende ovner
kan bestemmes ved direkte stovemisjonsmalinger, -
av materialbalansen pd silisium, eller av ‘energi-
forbruket pr mengde produsert metall. Artikkelen
beskriver de tre metodene for bestemmelse av
utslipp og anbefaler nar de kan brukes.
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Helmlld nr. 83

egistrering av stgvkonsentrasjon med
automatisk iamsamm ng og radi ometrask st@v- .
menadem ling O

Stevkonsentrasjonen er en viktig driftsparameter i
industrielle prosesser, hvor stov enten blandes med.
eller utskilles fra en gass-strom. Smelteovner,
torkeovner, oljekraftverk etc. herer inn under
forstnevnte kategori, mens alle typer stovutskil-
lingsaniegg horer inn under sistnavnte.

Begrepet registrerende stgvemisjonsmaélinger settes
‘idag ofte i forbindelse med myndighetenes pnske
om kontroll av utslipp. Bedrifters prosessutslipp er
imidlertid ofte ogsd et mal for produksjonstapet.
Kvantitativ registrering vil da -kunne gi bedre
prosesskunnskap og mulighet for optimalisering.

Swilingenior

Herman Koldefup

SINTEF

7034 Trondheim — NTH  Radiometrisk mengdemaling best egnet ved kvanti-

e or fovcts 1044 tativ registrering

" Intern. J. Environ. Anal. Chem., 1974, Vol. 3, pp. 191-198
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Trace Analysis In lndustnal
Researcht |

J. B. GALLIVAN

American Cyanamid Company. Cl}emicél Research Division, Stamford, Connecticut
06904 U.S.A. o

(Received August 23, 1972)

KEY WORDS: trace analysis, industrial methods, pollutants.

Public concern and legislative regulations governing environmental pollution have had a
dramatic eflect on chemists involved in industrial research. The need to establish both the
presence and amounts of trace levels of pollutants in industrial products and wastes has
become imperative, Since time and cost become important considerations in such analytical
determinations, it is apparent that sensitive, rapid and reliable methods of trace analysis are
required. Many experimental techniques have been employed to this end and aciive research
programs exist to develop new techniques to make such analysis more efficient.

Techniques capable of determining many ¢lements in a single exarnination of a sample
ate of purticular interest. No single ‘black box’ approact is, or is likely to become, feasible
for all species of interest. Nonetbeless, certain multi-clement zpproaches provide adequate
information on some species and also provide important guidelines on the determination
of other species by more specialized techniques. Problems encountered and progress achieved
by the application of various spectroscopic, chrothatographic, electrochemical and chemical
inethods to the trace analysis of industrial materials will be discussed.
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Introduction

P. W. JAMES

Everyone wishes to abolish the damage whlch may be caused to man',j
and to wild life by pollution from every ‘source. As, however, we are not ',
always agreed as to when damage is being caused, or how exactly some -
obvious damage arose, an easy solution will not be found. Man has always -
polluted his environment; he has always suffered from pests, but because.:
of the ‘population explosion’, these problems have become more serious’
in recent years. The need for miore research in these subjects is obvious
if irreparable damage to wild life, and to man, i: to be avoided, Equally
important, we must make sure that the results of such research are qu1ck1 '
and efficiently applied. ’

Pﬂenanby(1967,

Although the sensitivity of lichens to air pollution has been .
acknowledged since the observations of Grindon in south Lan- "
cashire in 1859 (Grindon, 1859), the lack of recordmg gauges .
effectively delayed all critical study in this field prior to 1958,
However, since then, detailed research and surveys, carried.out.
independently by scientists in the British Isles, Canada, Czecho g
slovakia, Germany, Scandinavia, USA and the USSR, have:

the distribution of lichens around air pollution sources. ‘with
mean levels of air pollutants and, in some cases, to utilize their
behaviour as a means of monitoring the distribution and seventy:
of the pollutant emissions. Sulphur dioxide has been proved to -
be the most important major pollutant adversely affecting lichen .
vegetation over wide areas of the northern hemisphere. Over two -
hundred papers dealing with lichen vegetation of areas affected
by air pollution have now appeared in the scientific press. (ch 3),
and recent laboratory (ch 13 and 14) and transplant. studies
(ch 3) have corroborated the data obtamed from ﬁeld observa-“
tions.

The compilation of the present book, the ﬂrst on thxs aspect to. :
have appeared, received its main stimulus as a result of the sy~
posium devoted to Lichens and Air Pollution organized as part’
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of the First International Mycological Congress, held in Exeter,
England, in September 1971. At this meeting it was confirmed
that there was a very substantial output of published but
dispersed information, as well as important unpublished data on
this aspect, a concise summation of which, it was felt, would
considerably benefit future studies and research in the field of

.air pollution as well as advising on its recognition and control.

Pertinent reviews of the behaviour of sulphur dioxide in the air
(ch 2), the effects of air pollutants on plants other than lichens
(ch 10) and the effects of other pollutants on lichens (ch 8 and 9)
are included. The volume is not only designed for the specialist
studying the effects of air pollutants on lichens, but also for those
interested in the broader spectra of pollunon studies. Several
volumes on the latter topic, concerned at least in part with mat-
ters of air (atmospheric) pollution, have appeared in recent years.
The recent publication of Bach (1972) is to be particularly
recommended. The aims of the present book are to introduce

" and aid in an understanding of the wealth of data currently

available on lichens and air pollution, and above all to stimulate
the reader and suggest to him new and rewarding avenues of
further research (ch 17).

There has been a general lack of the apprecmnon of the effects
of long-term low levels of sulphur dioxide and fluoride on vascu-
lar plants, such as conifers, the corrosion rates for metals, the de-
cay of stonework, and considerable concern is still being expressed -
on its effects on human health (Anon., 1970). Lichens are among

- the most sensitive organisms to sulphur dioxide pollution known

and because different species are affected by different concentra-

-tions of this pollutant, it has been possible to construct scales for

the estimation of the mean sulphur dioxide levels in an area,
solely from the lichen vegetation present (see ch 3). The lichen -
scales are of particular value in areas with mean sulphur dioxide
levels in the range 30-170 pg/m?, and most sensitive in the range
30-70 1g/m3. Representative scales have been compiled with the
non-specialist in mind; these are quick and cheap to apply, and
clearly not only of academic interest as they now cover a range
of this pollutant at which, for example, coniferous trees are
affected.

Nearly all lichens are composite plants, each basically com-
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prising a fungal component, the mycobiont, and an alga, the
phycobiont. The mycobionts are usually of Ascomycete affinity

and are very rarely encountered in a non-lichenized state; the
phycobionts are either green (Chlorophyceae) or blue-green

(Cyanophyceae) and although many can thrive in a free-living -

condition, a few, such as Trebouxia, are rarely found to do so.
Most of the pertinent literature on the group, including referen-

ces to introductory texts, may be traced through Ainsworth

(1971). The two bionts live in a symbiotic relationship forming a
thallus whose morphology, anatomy and physiology are quite

distinct from that of either of the two symbionts when separated

and grown in axenic cultures. Lichens are. extremely slow-

growing plants, capable of living to a great age (up to 4500 years). - .
They colonize natural substrata such as bark, lignum, rock, as* . -
well as man-made materials such as mortar, asbestos and glass -

on which they cause little harm. As a group, their extreme .
resistance to exposure, variation in temperature and degree of -
environmental desiccation are well known; their capabilities for
enhanced uptake of radioactive and heavy metal fallout are less

well studied. In recent years research into the physiology of the

intact thallus and the interrelationships between the bionts, . - ' . - o
especially with regard to the transfer of carbohydrates, has. =<
proved to be important in the understanding of other symbiotic.

systems (ch 12).

That the lichen vegetation in areas which have become sub- Lo
jected to air pollution has become considerably depleted is seen -
from comparisons between the past and present floras of par-.
ticular sites and changes in distribution of different species (see
ch 16). Unfortunately, this decline is still continuing in many."

countries, the result of the increase in sources and consequently

in the spread of sulphur dioxide emissions, existing to such an .
extent that in some cases certain species are in danger of extinc- -~ .

tion. This is a matter of considerable, urgent concern to those

interested in conservation, and particularly to lichenologists.”

However, lichens are also important from other ‘standpoints:

they form, like most other organisms, an important integral par'tf,

of the ecosystem, and any disruption in their communities affects
other organisms dependent on them as food material or as

protection in micro-habitats. Kuenan (1971) has stressed the .
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need for detailed quantitative studies of the fauna of trees from
which lichens are disappearing due to air pollution, and Schofield
and Hamilton (1970) comment that damage by sulphur dioxide
to the extensive lichen vegetation of the tundra would certainly 2
lead to famine in areas of economically important reindeer and
~ caribou husbandry which are partxcularly dependent on lichens

for winter fodder.

Lichens produce an impressive array of secondary metabolic
products (Culberson, 1969) many of which are unknown in
other plant groups. Some of these have acclaimed antibiotic
qualities and for this reason are commercially used in the
pharmaceutical trade.

On environmental grounds, lichens add much to the aesthetic = -
beauty of the landscape. Over most of western Europe much of -
the original lichen vegetation, composed of brightly coloured,
grey or yellowish-green, large pendant bearded or leaf-like
species, has now been replaced by a monotonous grey-green
crust consisting of a single, particularly tolerant species (Lecanora - .
‘conizaeoides). Whilst visitors to parts of southern and western =~ -
Britain still frequently remark on the richness of the lichen .
vegetation there, it is salutary to reflect that early in the last -: "
century similar commumt:es were present in the London area
(ch 6, 16). o

The prospect of reducing sulphur dioxide levels. to those at,
which lichens are completely unaffected is clearly unrealistic "
besides being prohibitive in cost; in any case their importance . '
_cannot justify such drastic action even on a European scale, = '
It is, however, important that at least some areas are left unaffec- -
ted for the reasons outlined above and all attempts should be- - -
made to limit the current trend of increasing sulphur dioxide . ..
emissions in Europe, especially along the Atlantic seaboard, The "
Swedish Royal Ministry for Foreign Affairs and the Royal -
Ministry for Agriculture (1971) recommend that mean sulphur
dioxide levels of only 56 pg/m?® should be perm1tted in order to
prevent damage to coniferous trees. If this standard were adopted;’ -
considerable improvements can be expected 1n the hchen
vegeta’aon in many areas of Europe. S
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