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PREFACE 
References on the effects of ionizing radiation on aquatic 
organisms have been obtained from a number of sources. Many 
were obtained from reviews and other publications. Although 
the primary purpose of preparing this bibliography was to ob­
tain information related to the nuclear wastes Seabed Disposal 
Biology Program of Sandia Laboratories, I included freshwater 
organisms as a matter of convenience and also with the belief 
that such a bibliography would be of interest to a wider audi­
ence than that restricted to the Seabed Program. While com­
pilation of a list in an area broad in scope is often some­
what arbitrary, an attempt was made to reference publications 
that were related to field or laboratory studies of wild 
species of plants and animals with respect to radiation effects. 
In compiling this list, I have attempted to provide complete 
information concerning each reference without excessive li­
brary search. Since one often finds references listed in the 
literature that are incompletely cited, it was not always pos­
sible to locate the reference for verification or completion 
of the citation. I have included such references where they 
appeared to be of possible value. When known, a reference is 
followed with its Nuclear Science Abstract designation, or 
rarely other abstract sources. Those desiring additional in­
formation should check Nuclear Science Abstracts utilizing 
the abstract number presented or other abstracting sources. 
In addition, the language of the article, other than English, 
is given when it is known to me. 
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SOURCES OF INFORMATION 
ON MARINE RADIATION ECOLOGY 

by 

Vincent Schults 

The following selected list of bibliographies, pro­
ceedings and books concerning or related to marine radiation 
ecology was prepared to assist the reader interested in 
furthering his knowledge of the subject. 

For those publications that might be considered rather 
difficult to locate• I have given the Nuclear Science 
Abstracts (NSA) citation number when known. All titles 
are presented in English, even though the original title 
is in another language. If the publication is not available 
in English, the foreign language involved is indicated. 

Aleksakhin, R. M. (ed.). 1977- Radioecology of Animals. 
Materials of I All-Union Conference. A. N. Severtsov 
Institute of Evolutional Morphology and Ecology of 
Animals. "Nauka," Moscow. 266 pp. (In Russian). 

Ancellin, J., P. Gueguaniat and P. Germain. 1979* Karine 
Radioecology. Study of Accumulation of Radionuclides 
Disposed into the Marine Environment and Applications 
to Radiation Protection. Librairie de 1'Enseignement 
Technique, Paris. 272 pp. 

Andrushaitis, G. P. (ed.). 1973. Radioecology of Water 
Organisms. Vol. 2. Distribution and Migration of 
Radionuclides in Freshwater and Seawater Biocenoses. 
"Zinatne," Ri^a. 339 pp. (English transl., 1975. 
AEC-tr-7606i iv, 195 pp.). (NSA 30(8)i 21082t 32(6)i 
1*010). 
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Andrushaitis, G. P. (ed.). 1973. Radioecology of Water 
Organisms. Vol. 3. The Effects of Ionizing Radiation 
on Water Organisms. "Zinatne," Riga. 156 pp. 
(English transl., 197^. AEC-tr-7529; ii, 95 pp.). 
(NSA30(9): 24395s 31(5)' 11691). 

Anonymous. No date, Proceedings of the Seminar on Liarine 
Radioecology. Cherbourg, 3-6 Dccembre, 1968. 
Organisation de Cooperation et de Developpement 
Economiques, Agence Euroneenno pour 1'iinergie Uucleaire, 
Paris. 153 pp. (In French) (NSA 24(17): 34204). 

Anonymous. 1968. International Symposium on the Applica­
tion of Meutron Activation Analysis in Oceanography. 
Brussels, Belgium, 17-22 June, 1968. Institut Royal 
des Sciences Maturclles de Belgique, Sruxelles. 
218 pp. (MSA 25(8)t 15535). 

Anonymous . 1972 . iiarine Ro.dioecology . The Cycling of 
Artificial Radionuclides Through l-:arine Food Chains. 
Proc. Second EIIEA Seminar, Hamburg, Germany, September 
20-24, 1971. Organisation de Cooperation et de 
Developpement Economiques, Faris . 209 pp. (In .English 
with English and French discussions) (NSA 29(1)i 405). 

Baranov, V. I. and L. M. Khitrov (eds.). 1961)-. Radioactive 
Contamination of the Seas and Oceans. "Wauka," i-loscow. 
224 pp. (English transl., ly64. JPRS 26,002 (Partial 
translation)! 1966. A2C-tr-6641j vi, 194 pp.). (NSA 
18(19) •• 33779s 21(6) , 8471). 

Committee on the Effects of Atomic Radiation on Oceanography 
and Fisheries. 1957- The Effects of Atomic Kadiation 
on Oceanography and Fisheries. Publica. 551- National 
Academy of Sciences-National Kesearch Council, Jashington, 
DC. ix, 137 PP-

Egarai, N. (ed.). 1973- Radioactivity and Fishes (Contamina­
tion, Injury and Utilisation). Koseisha-Koseiltaku 
Publ. Co., Tokyo, Japan. 398 pp. plus 2 plates. 
(In Japanese) (specific articles: NSA 29(6): 13023-
13025 i 13027! I6004f 16005). 

Gromov, V. V. and V. I. Spitcyn. 1975- Artificial Radio­
nuclides in the I arine Environment. Atomizdat, ...oscow. 
224 pp. (In Russian) (MSA 33(11)1 26325). 
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Mines, N. 0. 1962. Provine Groundi An Account of the 
Radiobiological Studies in the Pacific, 1946-1961-
University of Washington Press, Seattle, WA. xvii, 
366 pp. 

International Atomic Energy Agency. 1969. Disposal of 
Radioactive VJastes into Seas, Oceans and Surface 
Waters. Proc. of a Symposium, Vienna, 16-20 May, 
1966. Vienna, Austria, Publication STI/PUB/126. 
(viii), 896 pp. 

International Atomic Energy Agency. 19?0. Reference 
Methods for Marine Radioactivity studies. Vienna, 
Austria, Tech. Repts. Series No. 118. (vi), 284 pp. 
(STI/DCC/10/118). 

International Atomic Energy Apency. 1973- Radioactive 
Contamination of the Marine Environment. Proc. of 
a Symposium held in Seattle, Washington, USA, 10-14 
July, 1972. Vienna, Austria, Publication STI/PUB/313• 
(xii), 786 pp. 

International Atomic Energy Agency. 1975- Oesipn of 
Radiotracer Experiments in Marine Biological Systems. Vienna, Austria, Tech. Repts. Series Ho. I67. (v), 289 pp. (STI/D0C/167). 

International Atomic Energy Agency. 1975- Reference 
Kethods for Karine Radioactivity Studies II. Vienna, 
Austria, Tech. Repts. Series No. I69. (v), 239 pp-
(STI/DCC/10/169). 

International Atomic Energy Apency. 1976. Effects of 
Ionizing Radiation on Aquatic Orpanisras and Ecosystems. 
Vienna, Austria, Tech. Repte. Series No. 172. (vii), 
131 pp. (STI/OCC/10/172). 

International Atomic Energy Agency. 1979. Methodology 
for Assessing Impacts of Radioactivity on Aquatic 
Ecosystems. Vienna, Austria, Tech. Repts. Series 
No. 190. (v), W.6 pp. (STI/DOC/lO/190). 

Ostroumov, E. A. (ed.). 1975- Chemical Analysis of Karine 
Sediments. "Nauka," Moscow. 16o pp. (In Russian) 
(NSA 33(5)' 8847). 

Panel on Radioactivity in the Environment. 1971. Radio­
activity in the Murine Environment. Nntionnl Acndcmy 
of Scieneer., Wm-liiru'ton, IX!. in, 2','i: pp. 

Pertsov, L. A. (ed.). 1971. Marine ttadioecolofy• 
Atlanticheskiy Uauchno-Issledovatel'skiy Institut 
Rybnopo Khozyaistva i Okeanopraf i •/, Kaliningrad, USSR. 
Issue 44. 133pp. (In Russian) (NSA 30(1)1 311). 9 



Fertsov, L. A. (ed.). 1971- Marine Radioecology. 
Atlanticheskiy Nauehno-lcsledovatel'skiy Institut 
Rybnogo Khozyaistva i Okeanografiy, Kalinigrad, USSR. 
Issue 4-5. 85 pp. (In Russian) (HSA 30(1): 312). 

Polikarpov, G. G. 1966. Radioecology of Aquatic Organisms: 
The Accumulation and Biological Effect of Radioactive 
Substances. English translation and revised edition; 
V. Schultz and A. W. Klement, Jr., eds. (Original: 
196^. Radioecology of Marine Organisms. Atomizdat, 
Moscow, 295 PP-)' North-Holland, Amsterdam, xxviii, 
31^ pp. (NSA 18(19): 33230'; 21(12): 20115). 

Polilcarpov, G. G. (ed.). 1970. Marine Radioecology. 
"Naukova Dumka," Kiev. 276 pp. (English transl., 
1972. ABC-tr-7299: v, 3^8 pp.). (NSA 25(15): 35H7; 
26(10): 23186). 

Polikarpov, G. G. (ed.). 1972. Radiation and Chemical 
Ecology of Aquatic Organisms. "Naukova Dumka." Kiev. 
118 pp. (In Russian) (NSA 26(22): 53532). 

Polikarpov, G. G. (ed.). 197^. Chemoradioecology of the 
Pelagic and the Benthic Zones. (ketals and Radio­
nuclides in Aquatic Organisms and Environment). 
"Naukova Dumka." Kiev. 271 pp. (In Russian) (NSA 
30(11): 29^22). 

Polikarpov, G. G. (ed.). 1975- Radiochemo-ecological 
Investigations in the J.editerranean Sea. "Naukova 
Dumka," Kiev. 88 pp. (In Russian with English 
summaries). 

Polikarpov, G. G. and N. S. Risik (eds.). 1977. Radio-
chemoecology of the Slack Sea* "Naukova Dumka," Kiev. 
231 pp. (In Russian). 

Polikarpov, G. G., Y11. P. zaitsev, L. G. Kulebakina, V. I. 
Timoshchuk, V. G. Tsytsugina, L. I. Rozhanskaya, U. S. 
Risik, A. A. Strogonov and A. Ya. Zesenlco. 1970. 
Radioecological Investigations of the I.iediterranean 
Sea. "Naukova Dumka," Kiev. 231 pp. (in Russian) 
(NSA 25(5)1 8630). 

Fruter, A. T. and D. L. Alverson (eds.). 1972. The Columbia 
River Estuary and Adjacent Ocean Waters: Bioenviron-
mental Studies. Univ. of Washington Press, Seattle, 
WA. xiii, 868 pp. 
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Shvarts, S. S. (ed.). 1971- Problems of -the Radioecology 
of Aqueous Organisms. Symposium held at Kiass, USSR, 
July 10-15, 1968. Tr. Inst. Ekol. East. Zhivotn. 
781 1-240. (In Russian) (NSA 26(12): 28093). 

Shvedov, V. P. and S. A. Patin. 1968. Radioactivity in 
the Oceans and Seas. Atomizdat, Koscow. 28? pp. 
(In Russian) (NSA 22(24): 51122). 

Small. S. K. (ed.). 1963. Nuclear Detonations and Marine 
Radioactivity. The report of a symposium held at the 
Norwegian Defense Research Establishment 16-20 September, 
1963. Norwegian Defense Research Establishment, Kjeller, 
Norway. 221 pp. (In English) (NSA 19(13): 24714). 

Sokolova, I. A. 1971. Calcium, Strontium-90, and Strontium 
in Marine Organisms. "Naukova Dumka," Kiev. 240 pp. 
(In Russian) (NSA 26(18): 43396). 

Sorokin, B. P. (ed.). 1971. Effect of Ionizing Radiation 
on the Organism. The Problem of the Effect of Radio­
active Water Pollution on the Reproduction of Commercial 
Pishes. Tr., Polyar. Nauchno-Issledovatel' skiy Institut 
Rybnogo Khozyaistva i Okeanografiy. No. 29: 1-182. 
(English trans1., 1973. AEC-tr-74l8; ii, 217 pp.). 
(NSA 27(12): 27944). 

Tsytsugina, V. u., N. S. Risik and G. E. La7-orenko. 1973-
Artificial and Natural Radionuclides in ilarine Life. 
"Naukova Dumka," Kiev. 152 pD. (English transl., 
1975- TT 75-50010; vi, 115 pp.). (NSA 28(7): 15618; 
29(9) •• 21246; 33(0): 17173). 

Zoological Station of Naples, Italy. 1959. Marine Bio­
logical Applications of Radio-isotope Research Tech­
niques. Symposium held in Naples, Italy, September 
15-28, 1957- Fubblicazioni Stazione Zoologica Napoli 
31(Buppl.): (i), 189 pp... 7 plates. (In English). 
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Bibliographies: 
Deutsches Ilydrographicches Institut. 1967. Bibliographies 

in nuclear science and technology. Section 25: Maritime 
radioecology. Zentralstelle fur Atomkernenergi-
Dokumentation, Frankfurt/i-iain, Germany. Report AKD-
C-25-01, iv, 41 pp. j 1968, AED-C-02, viii, 35 pp.j 
1973. AED-C-25-03, iii, 65 pp.; 1973, AED-C-25-O't, iii, 
85 pp. (Various languages) (NSA 22(2): 225k; 29(8): 18354. 18355)-

Edmundson, E., Jr., V. Schultz and A. W. Klement, Jr. 
1969. Marine radioecologyi A selected bibliography 
of non-Russian literature. 'U. S. AEC report TID-3917. 
i, 127 pp.; 1972, TID-3917 (Suppl. 1), i, 76 pp., 
1974. TID-3917 (Suppl. 2). i. 53 pp. 

Klement, A- W., Jr. and V. Schultz. 1972. Russian 
radioecology: A bibliography of Soviet publications 
with citations of English translations and abstracts. 
U. S. AEC report TID-3915 (Suppl. 1). iii, 66 pp. 

Klement, A. W., Jr. and I. E. Uallcn. 1963. A selected 
list of references on marine and aquatic radiobiology. 
pp. 729-7^6. In: V. Schultz and A. U. Klement, Jr. 
(eds.), Radioecology. Reinhold, NY. (Also: i960. 
U. 3. AEC report TID-3903: <+2 pp.). 

Klement, A. W., Jr., C. F. Lytle and V. Schultz. 1968. 
Russian radioecology: A bibliography of Soviet publica­
tions with citations of English translations and 
abstracts. U. S. AEC report TID-3915- iv, 131 pp. 

Lattimer, J. hi. 1970. Estuarine radioecology: A biblio­
graphy of report literature. Office of Library Services, 
U. S. Dept. of Interior, Washington, DC. aiblio. 
Series No. 16. iii, 52 pp. 

O'Leary, J. K. and I. C. Roberts. 1962. Disposal of 
radioactive wastes into marine and fresh waters. 
International Atomic Energy Agency, Vienna, Austria. 
Biblio. Series No. 5- 365 pp. (STI/PUB/21/5). 

Polikarpov, G. G., ed.; Z. K. Exuz'yan, V. N. Yegorov and 
N. V. Kurilova, compls. 197^. Bibliographical index 
of publications of Institute of Biology of South Seas 
AS Ukr. SSR on the problem of "radiation and chemical 
ecology" (1957-1972). "Naukova Dumka," Kiev. 58 pp. 
(In Russian) (USA 30(9): 2^150). 

Schultz, V. 1976. Russian radioecolopy; A bibliography 
of Soviet publications with citations of English 
translations and abstracts. U. S. ERDA report TID-
3915 (Suppl. 2). v, 80 pp. 



Schultz, V. and F. W. Uhickcr. 1971. A selected biblio­
graphy of terrestrial, freshwater and marine radiation 
ecology. U. S. AEC report TID-256i;o. iv, 185 pp. : 
1975, U. S. ERDA report TID-25650-S1, iii, 240 pp. 

Triulzi, C. 1977- Scientific activities of the members 
of the Marine Radioactivity Committee and related 
bibliography (1973-1976). Rapp. Comm. int. Ker !';edit. 
24(3): 107-158. 

Various authors. 1978. Radioactivity in the sea. pp. 
247-429. In: Geochemical Study of the Ocean and the 
Atmosphere. Yasuo Uikake Seventieth Anniversary. 
(Collected papers (1939-1977) published by Geochemicai 
Laboratory, .ieterological Research Institute, Tokyo, 
Japan), xiii, 850 pp. 
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tasks of water radioecology. pp. ?-19. In; Kadio-
ecology of Water Organisms. II. Distribution and 
Migration of Radionuclides in Freshwater and Sea-
water Biocenoses. (G. P. Andrushaitis, ed.). 
<£nglish transl. AEC-tr-7606). (NSA 30-2135^). 

Altukhov, Yu. P., A. N. Uilishnikov and T. A. Kovikova. 
1977. Analysis of genetic structure of parthenogene-
tic populations as a method of elucidation of muta­
genic activity of the environment, pp. 70-71. In: 
Radioecology of Animals. (R. ;•.,. Aleksakhin, ed.). 
"Nauka," Moscow. (In Russian). 

Andrushaitis, G. P. (ed.). 1973. Radioccology of Viater 
Organisms. Vol. 3- l'he effects of Ionizing Radia­
tion on ifater Organisms. "Zinatne," Riga. 156 pp. 
(jinglish transl. AEC-tr-7529). 

Anonymous. 1967- Marine radioecology: Current research 
and future scope. Intern. Atomic Energy Agency, 
Vienna, Austria, vi, 125 PP- (i.Tl/RKr/105). 

Blaylock; 3. G. 197^. effects on aquatic biota of radio­
active effluents from nuclear power stations. Trans. 
Araer. Nucl. Soc. 18: 1*6-4?. (NSA 30-15372). 

Blaylock, B. G. and J. R. Trabalka. 1978. Evaluating 
the effects of ionizing radiation on aquatic organ­
isms. Adv. Radiat. Biol. 7: 103-152. 

Blaylock, 3. (J. and J. F. Witherspoon. 1978. Evaluation 
of radionuclides released from the light water re­
actor nuclear fuel cycle to the aquatic environment, 
pp. 85I-865. In: Environmental Chemistry and Cycling 
Processes. (D. C. Adriano and I. 1. 3risbin, Jr., 
eds.). V. Z. DOE report CCNF-760429. (DOE 3ymp. Series k5). 

Bowen, V. T., J. S. Clsen, C. I. Csterberg and J. Savera. 
1971. Chp. 8. Kcological interactions of marine 
radioactivity, pp. 200-222. In: Radioactivity in 
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PREFACE 

References on the effects of ionizing radiation on 
aquatic organisms have been obtained from a number of 
sources. Many were obtained from reviews and other publi­
cations. Although the primary purpose of preparing this 
bibliography was to obtain information related to the 
nuclear wastes Seabed Disposal Biology Program of Sandia 
laboratories, I included freshwater organisms as a matter 
of convenience and also with the belief that such a biblio­
graphy would be of interest to a wider audience than that 
restricted to the Seabed Program. While compilation of 
a list in an area broad in scope is often somewhat arbi­
trary, an attempt was made to reference publications that 
were related to field or laboratory studies of wild species 
of plants and animals with respect to radiation effects. 

In compiling this list, 1 have attempted to provide 
complete information concerning each reference without ex­
cessive library search. Since one often finds references 
listed in the literature that are incompletely cited, it 
was not alway possible to locate the reference for veri­
fication or < npletion of the citation. I have included 
such references where they appeared to be of possible 
value. When known, a reference is followed with its 
Nuclear Science Abstract designation, or rarely other 
abstract source©. Those desiring additional information 
should check Nuclear Science Abstracts utilizing the ab­
stract number presented or other abstracting sources. In 
addition, the language of the article, other than English, 
is given when it is known to me. 
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Source: Blaylock, B. G. and J. R. Trabalka. 1978. Evaluating the effects of 
ionizing radiation on aquatic organisms. Advances in Radiation 
Biology 7: 103-152. 

TABLE I 
EFFECTS OF INCOHFOIIATF.U llAtilONVCUM* OS DtVEUXlUG FlSH ECCS 

Concentration 
Stage eirposora Biological («CI /ml ) and 

Radionuclides Species cutmneticed end point ' observed effects Reference 

MSr_»r £n£r«uu* Slmrtly alter Hatching 2 X 10-' , decreased 
encnuteholat fertilization Growth talc .lletimled 

Ahnonitnlities 2 X 10-', increased Polikarpov and 

" S i - ~ V Serrmia Kribe Shortly after Il»ltEliii)j£ 2 X 1«>, no effect Ivanov (1901) 
fertifiKition Growth rate 2 X 10-», retarded ) 

• •St-»V Sattiio tiulta Immcdiiitcfy after Ihitvhiiiu: 10-i 1 Brown and 
IVililizalioii Aliiuiniiul litrvao No effect f TctnplclOH 

"Sr-»»lf tteuruHeda pblcssa Immediately after H;tU'!lf»g 10-' / (1066) 
fertilization Abnormal larvae No effect } 

e ^ j o y Scorpaena potcm Developing eggs Chromosome breaks 10'*. increased Tsytiugina (1971) 

s, Salmo safer Sixth ctage Death of fry and 5 X 10 ' , "Sr i 
»*Cs cmbrj's tS X JO «, > » 0 , Fedorov (10D2) 

increased 

» S r - » V Tinea tinea Shortly after Hatching t X 10- ' Kulikov el of. 
fertilization Atmorruabtk's No effect (1008) 

~ S t - » Y httsRumm foisitit Shortly after Mortality 1.0. •«Sr-»nr v 

fertilization No effect 
iiiCs + »«Sr—••Y Solute dmrkl — Abnormalities 10-a, i » C t + »Sr ' 

H- »»Pu 
Shekhanova et at. 

(1073) 
m p . Oncorrtyflchit* — Mimic Indea 10-s, i »Pu 

totbnteh* ' Oxygen comuntptJoii 10-' . M S , - » V ^ -
depretsad 

" S r - » y Caspian salmon Early ttage of Mortality l.TJ X U H , DoVhotyan a 1 al. 
development - increased (1973) 

Stutgeon Cytological I n d a Not significant 
Suited sturgeon ._ .» While sturgeon 
Silver carp 

Oiygcn coniumption Depressed 

Fission products:- Coretimm peltd Late gaitrufa Dead egg! Equivalent doses Mazbeva and 
- i « I , i*ap,a, Hatching above 500 rads Sukal'skaya 
" • L a , • • • B B , 
•••ah 

decreased hatching (ID73) 

Fission prodocts:- Dentet onodtenib Shortly after Dead egg* 10- ' Telysheva tt el. 
- " "Cs , " S t . TtochuTS* itaehurv* fcrtiii ration Abnormalities No efect (1970) 
"«Ce Trldiiurut Icpturu 

"Sc-~r Cfertopnsrungodon Shortly after Dead eggs 1 .10X10 - ' Ndov(1973) 
Irfcife JertilhaMon Abnormalities Increased 

»<Ce~<"Pr fimcplmUt promebi Gonads and 
developing egg> 

Abnormalities 1 .2X10 - * Trabalka (1071) 
No effects 

"•Pit , » ' U CtPrimu ctrpin Immediately after Hatching 7.5, »»Fu and SO, . 
fertilization 

Afaorrnabtias 
' " • J , decreased 

3.8, : » P u and 1.2. 
» ' U , increased Till el «I. (1970) 

• "Fn , ' " U • rimtphtltt ptcmtUt Manilla Hatching 

Abnormalities 

1 4 " T u and 0.5, 
n ! U , decreased 

0.00, tsspu a n d 0.2, 
" H I , increased ' 

" C Cvanku ennui** S-16* Blastomerts Hatching 1 X 10-' , decreased > 
Aufrfiu rutllut Ahnnmtalitiat Increased J 
Attuttmu ttUttmut* Mortality Increased JFedorow (1064) 
Acerlna cemw 
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Table I , continued. 

Blaylook, B. G, and J, R. Trabalka. 1978. Evaluating the effects of 
ionizing radiation on aquatic organisms. Advances in liadiation 
Biology 7s 103-152. 

TABLE 1 (Cotirfimcrf) 

.-Concentration 
Stage eiposuf* Biological ( f iC f /mOmd 

Radionuclides Species commenced end point observed effect! Reference 

M I Cyprfnui CMTpio Immediately alter Hatching 518 Blaylock el of. 
fertilisation No effect (1070) 

• H CcstertuUut Immediately after Mortality 2000 W»Mcn( l971 ) 
sculeatus fertilization Abnormalities 

Eye diameter 
No effect 
UNO, reduced 

• I I Sainio gakdmri Immediately after Hatch in* 10 Strand el si. 
fori lliTitt ton Abnormalities No effect! (1813) 

*H frrafa/ifhyt 10-CellMage Hutching 10 j 
diVtlCCMM N» effect ( Ichltcawa and 

Fvgp tttpfa&fa 2-€ett atage Hatching 10 j 
Decreased J 

Suyama (1074) 

» l ! Satmo gthrdntrt 6 hrs After Immune response of 1 - Strand a al. 
fertilization fry Seppretsed (1973) 
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Source: Boucn, V. T. , J . S. Olsen, C. L. Osterbert and J . Ravera. 1971. 
Chp. 8, Ecological interactions of marine radioact ivi ty . 
pp. 200-222, Ins Radioactivity in the Xarine Environment, 
tetional Academy of Sciences, Washington, DC, 

TABU: 1 Pmiwilies of Chssef of Marine Ecotyiicmt Relevant tu Theit Resume! lu IIIKOUU^CJ Rjdioai.'liviiy 

tiopttxy 
Frto|fc: 
OpcaOct** 

•aaihfc: 
OpcnOcMn 

• M U M * H £ i**»tt»(»»ed 
'tcAWMl 

Neir-SHoic: 
HcnihiruidPcUtu: 

AdwtptiX uutKti 

Frto|fc: 
OpcaOct** 

•aaihfc: 
OpcnOcMn 

• M U M * H £ i**»tt»(»»ed 
'tcAWMl 

flurucochcmk-al mbiliiy Quite HtWe Vi tytuMc Minimum wtUbiliiv 

Cioduciiviiy M r to tvphottc-UHK p tuk lM N O M Eupbrtlk M«e pi .ink ton and 
' jltjilicil In IHJUUMI -

tttmnf HuWKtit tupplr t*fgrfy hy mna mi\tf% N<JIt»*MUM Llf#dr llt'in Ijrld id J buHOHl 

S ix t**t* °* t»im*«y MtHllr MkltKOflC _ Soul lo *ciy Urge 

t i n rMgi at hribtvotet Monty twt f - Moferitt to fafje 

Food duia ttujih nnpt Mostly long MotenM 5l»f l 

FdpubtHM MoMiiy HailmuiM-fl««kt«i fcy 
cmenii, MfciuN fcy 

V«y l o w - M M fcy laml 
trawt 

Buib kjf* and low 

AcccMbilUy la M M , both 
n f U i i i k m am* cffecti 

la tuneiuM to H M M I H U M M l l i M l 
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Sources Chipman, v;# A. 1972, Tordzirtf* r a d i a t i o n , w>, l ^ j f i t f y m . M • 

Tultlc 11 .1 
Itilttinffim ilusitjrr (imliinul* per yrat*) r«'t*Hv**tl l>\ two 1V|H*S of murine 
organisms I'mm imtuial source {Al'lcr IMH-SOM ; U i , l H.MII.KV, l!».*>7; 

mwlitinl) 

Type of organism tmd Type or rfttlmt ton Agiprox, 
tntfll its locution in the sea CoHmic Sen liit cm nl 

Agiprox, 
tntfll 

Large fishc« 
Near sea surface 35 0 9 2 8 . U 
At lOfttnrii-ptli 0 5 0-9 2S 30 

Micro-organism* 
(Mciin rurfitmOOf minor 

li-wt] 
NmrwHtmrfHeo 35 3-6 _• :ta 
At lOftMilfjitl i 0 3 *« _• * 3 
Iturii'il in ittt-ij-sfiL Ktiliiiii'iit IMHKI 4(1 )I2II«« _• 411(120 

* iiiNijiiiilimnt IIIMII 
* * I ! I M U from Milium in rlny 

284 



Source: Cosgrove, G. E., B. G. Blajrlook, G. IT. Ulrikson and P. H. Cobtu. 
1975. Radiation-induced hematopoietic lesions in fish. 
pp. Ii63-li76. In: The Pathology of Fishes. (>!. E. Ribelin 
and G. Kigaki, eds.). Univ. of Wisconsin Press, Madison. 

Tabic 19.2. Studies on Hematopoietic I'l'fccts of Radiation in Fish1 

Reference 
Aulhor(s) Year number Organism 

Aoki 1963 2 Carassius 
Aoki 1966 3 Carassius 
Blaytock & MilchcU 1969 5 Camhusia 
Bonliam ct al. 1948 6 Salmon fingcrling 
Ee.ami 1969 13 Orvzias 
FJIingcr 1940 IB Curassius 
Enecl ct al. 1966 19 /.auction 
Finslad ct al. 1969 24 Myxiim, PtummyzOH 
Hevcsy ct al. 1964 27 Tinea 
Nakatani &. Foster 196} 34 Kainliuw trout 
Preston 1959 38 Plaice 
Ray 1970 40 Camimsloma 
Shci-hmcistcr cl al. 1962 SO Carassiits 
Sletlcn ct al. 1964 Jl Tinea 
Watson ct al. 1963 55 Carassius 
Wclander ct al. I94S 57 Salmon larvae 
Wriander cl al 1949 58 Rainbow trout 

•Reviews and special articles are not included. Other articles arc listed in the References. 
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Source: Godward, K. B. E. 1962. Invisible radiations, pp. 551-566. In: 
Physiolofy and Biochemistry of Algae. (R. A. Lcwin, ed.). 
Academic Press, Iff. 

TABLE III 

SOME CYTGUKHCAI. AND OTJIEK KryKvtfi OF X-JMYS ON VARIOUS ALGAE 

Dow 
(in rocntcciu 

Effect xioo Alp 

None 2 Spirngyra eruum 
3 t'atittnriita nwrum 

JO CMurdUi {ijjrctwMottt 
10 Clmra tnl^trit 

AlHiornul ct'lln 10 CMorcUa rulyarit 
J8rJ,g*-|HlM* (ltlllll -HI Atluxin Utrnja 
fid%<lnttli (1.73 thiliWlltiwH l"p. (*KJf]>OfTl0 

8 (hard) ('kriHtoienn *p. 
11 AuliiiJrmh'tmMt up. 
12 Jimwlirtta wlina 
its Mtmtttcnium atlttariorum 
IX CktttriUn «p. 
38 CkrwKvcciti up. 
Ml (toft) Ckturctia up. • 
45 ChUifH]pl»muHut rciHfitmltii 

V. tttffiimrlu* 
d mtM'trHtii 

>100 •fyfurftMvrrw* sp. 
Dwtli on divuion 5 to 300 /'uaJwiNU MtoruM 
Viable gamete fonmlion i> ui>prrMcd 40 •dcefobv/arfc m»dittrrmnea 
llccrncralion ii*pjMrMnJ 400 AtttubulurUt mcdilcmtHt* 

Hat formation (in cuuelt-atc portion*) SO to 1O0 Acttmtutmrim mtmitaraxte 
•upprawod 

"Ultimate jurvival" ( u defined in 15 Spir^gyrm crwtM 
text) 100 Ca/wrOssp. 

000 C*Ww MtJjanrit ' 
'Immediate" death 10 CAfaw)rda«wH«s ninluBrdtii 

COO PmmbriM* morum 
750 Aertnhulnrim moNttrrwtM 

Rcfrmioe 

Ro i lnn l (193-ln, li) 
Halla-rrtiiMlti-r anil I tuck (11142) 
N'ii. m and CtiNlwonl (luijiulilislifd) 
Moutivlicil uiul DuluiK*it (1050) 
Pk'twliuuuin (1037) 
Sclwculiorn (1051) 
Howard awl llursliy (l'.MXI) 
itiHiiiuiii utij rHiuiiiiio oust) 
Itoulutn ami I'atumbo (1051) 
UalstiHl (IIK1U) 
Un(.'iulor(T el nl. (1033) 
llonliaiii Mill I'HIIIIIIIHI (1:151) 
JhMiiiam ami I'liliitiilfJ (1051) 
nonlmm and 1'HIIIMIHI (1051) 
XVIHIIII (!!>'•:<); Jiuidisou (1057) 
JarutMot! (1057) 
JamliwHi (I057) 
Ifonliaiii ami 1'ulmiiljo (1051) 
Halbrmlanltcraiid Hack (1012) 
SU (1058) 
Si< (1058) 

S i (1958) 

Codaard (1954a, b) 
BonhamaiKl l"alunil«> (1051) 
Mouucam (1057) 
Kylwn (1053) 
llaUxntaedtcr and Ilack (1942) 
Bacq rt «l. (1055) 
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Source: Ophel, I. L. et al. 1976. Chp. 2. Effects of ionizing radiation on 
aquatic organisms, pp. 57-86. In: Effects of Ionizing Radiation 
on Aquatic Organisms and Ecosystems. Intern. Atomic Knergy Agency, 
Vienna, Austria, Tech. Repts. Scries No. 172. (STl/DOC/lO/172). 

TAiui. xxxiii. ir\N(;i sor A<mi I.MIIAI. UADIAIIONIKISIS'IOK AIHII Isoi' 
VARIOUS liKOlirSlkMilJ 

(Hue ficcn a\$M 

Oilier iil^f 

I*ruiu2uj 

NiolliiM-W 
Crustacea ns 
hil l 

"Motlly derived fiom Kef. 1139). 

. TABLF. XXXIV.* ACUTE BETA DOSE ALLOWING ULTIMATE SURVIVAL OF 
AUiAI-tkrjJ) 

Anabjotij »PJ 

(.li^viomgrptia nKlajiffQiuro (zoospores) 

Spitufytj Miltci'hinala 

£ygiictnj tylin.Jrjvyiji 

(j»Murium subiiimiilurn 

Ir'utlofiiia yli'i^l*. 

Spjrcy&rj %TJSSJ 

QM$tfH)tprfilia nijrlafton.ttim 

*AfterCodw«J||41|. 
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4.5- 7J5 (l.l>„l 
<4(K) - >I200 (Ll),„) 

.1 - i:o tl.Us.1 
•> „ 600 (l . l ) u l 

20 - i(i') (Lr) w ;») 
1.5- 56.6 (LD„ / M I 

l . l - 5.6 (LU„,M I 

1000 

100-200 

100 

40 

20-50 

20-50 

20-50 

20-50 

15 

10 



Source: Ophol, I . L. e t a l . 1976. Chp. 2 . Effects of iorvUine radiation on 
aquatic organisms, pp. 57-A6. In: Effects of Ionizing Radiation 
on Aquatic Organisms and licosystems. Intern. Atoiric Llncrrv 
Agency, Vienna, Austria, ?ech. Hepts. Series No. 172.(STl/bOC/lO/172). 

TAMF.XXXV. 5UMUAKY OF t X r i K I M I N l A L STUDIES ON Tl l f FFFt-.CTSOF RADIONUCLIIH S 
IN WAlfcK ON A O U A 1 I ( - O K C ; A M S M S 

Hiaiivf-.H-Ti-rT- • lM H ^ l (NH;AT1VI I F I K T 0 i « 0 > 

IfttCltlgJliM* ( IHKtllllJlllHI »»l tJtlhMHlihJi% * | l * | f 1 

l o " l o ' , • iir» in'* ity* iir* i 

i ) iH>utt - i r .u i 

LflH'lll.*kJ, 

Trlnhinkn 
l- ' i»| 

(•.•l>kjt|ll>V. 

" S f 

Sin>il>'lit'J III* IIII*---(>JII ii| jJul 1 iitJiviilujK i>I Iljjihnu mjgiu 

IV l-o in v«il.(yixiw ilt-n l.<|«tivii( «>l IrJi .'tiir. Ijtutiiwyi 

|lTO. I 7 I | 

Iihii'-iw IH llu- luntljlily (jl>- til iiiil'iyii»l n«ti I-J-J.̂ 4iKJ 
tt'llJt'lH't '•• l-i- VlljUl I (l| ,|/c ( l | ) ,.lin£ Itvll »4i lll>H'ttl'>i 

Ik'tltjM in . . l l i l inumi HI lMtUiil.iilJi,-t: jiiJkliriiNiiiuxiK 
jtVfUlMHul full tfp»(JJKlnnt', MiHK'lHldil 

' IIIWIMM: HI nijlltxituliiiil UU ul lull ipS* I j iul iwy, nnilkl. 
tttcn W I J W . Iiuiw NiJiUnll 

Fttluto* cl al. 
1190] 

llltlTIMlC Ill llulflHIIUllUII IJICOl ||>I| t f p Ipljl lt . 
fU-urixuvli,'* plJlVtu) 

fcrown, No tumfivjni I IKK-JW in niumlit) nt m the produi'ituii of 
Tcni|ik'i(M JI>IIIKHU1 Urv JC ll'fuwn truul, Sjltim trull.il. Ipljuc. 
f l64 | - ritujyjKilc»|i|jl's\j) 

NI'UJI flirt. The tJfv vf dt-tvlopmciit of lliv <tt *•''• '•'*' *»»«•' "» "'«•' control 
fudymAhin U|l lu I I N Yljfi- uf u in.-1 hit J J>:ttUi|iiutii( u( Hi,; yolk uv 
|IW2| ( j lbou* wloimi. SJUTIII wLtti 

Kukfcuv et al 
IM1| 

MuiphohivU'jl ahnutnulilm. tli-Uy in ik^clupitk-nl. j n j 
motUlity I * (F> ol i)u- |r*.%h WJKT muXiiw. I.HUHJIM iMfr.jliu 

ShvUumKj. 
ftcirhkurt'f&iMr "Si-

" V 

i 1 ( ) 1 i 6 Noo-Jevd«pin( t j r . j j jppvjfctt «• JOI-1I?IMI? v T S , u f ||,c liu-d 

Sharp ik'LicjM.- of tlw a l l ' oo alUimoy lit phili'iii *U& | H v 
Shimitu. 
Suyinu 
11931 

c ™ Sharp ik'LicjM.- of tlw a l l ' oo alUimoy lit phili'iii *U& | H v 
Shimitu. 
Suyinu 
11931 

urdiim, r»"JJiK.i.Hlit'ln>•JvT'i>*,,>- Aiilhoviil^m crji\i,i>inj Shimitu. 
Suyinu 
11931 

" " J . Nomul f j i t of liJKIIJIIF JIHI nulfunii Jtiwi uf t j p (Myljo " 0,1 , 1 
Nomul f j i t of liJKIIJIIF JIHI nulfunii Jtiwi uf t j p (Myljo " HiiWIfvViihjkn J I IJ Huiljin iKvOi-i ut w j Mjivr; 

Ef jmiclal . 
I IWI ' 0 Normal UK- ut Murulily ^IKJ ahiwfiiwlity uf tliv t-mbiyo 

tfiuUi W J U * ktllifiUi. Oty/vi Mlipw 

• EfTn-l im I U H J J WX. found in Tivk. ̂ ipawJ in uHrijMxuitfJ 
wihr. MiHtiMiunly 70 Jjyk jfkv luiLbmKlfn.ih vuWt 

< =1 IbNUfV WM *i.iBiajt sLMMh HI M I . ctpowd 15 - 30 ifciyt 
(fu-di W4lt:i kitWiUi, ikttus IJIIJK.1 

tit WOtUbfr JaiiKfi the lime i4 imnibjlkM w * n |h« con dot 
|11S,l»0| £' " 

tit WOtUbfr JaiiKfi the lime i4 imnibjlkM w * n |h« con dot 
|11S,l»0| kvet in the AtljnUutmtmtiMlnH) * i U l 

SNJIHTKHII HkTt.-Mn m aknumijl Unte (F*.iric uykicr. 
|»0) 

SNJIHTKHII HkTt.-Mn m aknumijl Unte (F*.iric uykicr. 
|»0) t'/a^V^tya #C->»> 

I I I * . I« ' l • St#n4fc*it im'Fi*«*: of ihfoiitowntijl iHvjkjfv* W M fouinl HI 
(JwfuffiSujrfJi'iuiHifftik) 

Uulhfk'WMl 
•nm 
|2W.M7| 
Scull 

l l w IcUrt Jnil«t9tn.iuf MIU(I» MTL-K JltuphK-d wlK'n Lmju 
of AMMM »furr'' »"J A. Jlfnf jJ|iu* Wi-tv KJUil IH rjdliuihvt; 
*MUf. 

|jt». :mi _ 0 NU MfMfK-MI thllrtCNt\-l UH « H * W ItlMII JullHf 
nMlifyiwcurMY 
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Table XXX?. continued. 

Source: Ophel, I . L. e t a l . 1976. Chp. 2. Effects of ionizing radiation on 
aquatic onanisms, pp. 57-A6. In; Effects of Ionlzinr; Hadiation 
on Aquatic Organispn and Ecosystems. Intern. Atomic Energy 
Agency, Vienna, Austria, Tech. Hepts. Series No. 172. (STI/DOC/lO/172) 

I AM I- XXXV U.ntmucdJ 

t (fOSITIVE E r f r n • o r • * > ! (NrCATIVK En-ECT O o f ^ j i -

tnvtttifjloa CofKcnlr.liwi"(ndiomidijn »(Ci r ' l Trpn.r<ffeelf 

KT" ia«» icr" to* iff* io*' i 

Mi*{JkniA.iyjj 
| I « I . 2 I I | 

• S i - < n No Jckfrjic in the peiicnlj^c of di*iiling tclh wai dclcclcrj 
in Hit inmli£ji>.-J di-tL-loriiicfii i t j f « In t j funlt *i ih 
2 X tO'Ct t ', Ihcie* i - i icluhle I IRKJ. - ; in llic frt.-ortwy 
o( thttMncHomti ibcrtitmni, beginning with the epiilitlul 
bhitula tUgc <SJ1OIO U ( J I I 111 " V i 

O 
Noin|]u«fu-conpotMitiltun<icnuiy in i fuipuljlion of* 
titf-itpuJi ( | ItllrtJ'U) <,Jil(>n>l-.tl>l kt(Jl IH -udi'Utlm: Wild 
for MCVVIJI yctfv 

•tiilc cl a|. < •D No nMfclr abnofncuiitki on lli* deneJopmg egg* and fcuvx 
(inuiiiNikhotf-t, Kujidiilot >>rl<;'U*Jtli»l 

IbHnpciu 
1*3 W | 

FT.. 
"Vr> o o Ni> rlfcii u* lite ttpimluiilMM uf <\i 1 tilt) J V-din* 

K.nl-.lc.. 
| i n . Ihil| 
MifjIiAtkij 

p>T. 
Ciwudf »*l-tc iwmhct «>t death* »f i r ntncMCii in Iht AlUniK 
wluiiiMlihiliiiowlll *<i»» itKr-attiBKre t»(>.>ni-il I IMJIIHI-
J-.IKC Wall-' 

MiUiiuva 
(IM1 

FT < "D Pan jfc al rally ilafxi of dcvtlofini t | p of Carp arid 
Cs* imam pvlctf 

"CroJ _ k> |2D0] . 
"CroJ k> Ci-mv»itM I H U I > |2D0] . 
"CroJ 

Ci-mv»itM I H U I > 

1 brill.. " •R j ftioiinrnihrih; utygen ptoduclion in fte-di-water phyio-" •R j 
pLinLiun * J * j i itply K dined by 24 lumncupuvuic (u 

1213] 

" •R j 

a '»*Ka r.'oiw-.iituiiua of J X 10'* I V ) ' ' 

A l i i * . 
ShKoyi 
[I99J 

HTO 
(Iniuic 1 » S0» alUinmcHl lophilEut(r(dlotiti;hin, 

" SOft allainmeftl ie> »*ii-*u»4»tottl m men in. " SOft allainmeftl ie> »*ii-*u»4»tottl m men in. " 
Eton. Ucno, • Slight dec-rca* of the tjic of hatching (f«*h wale* Eton. Ucno, • Slight dec-rca* of the tjic of hatching (f«*h wale* 

I2U) 
• 

ii.Fp.Hn, 1KJJ 

Km 
1110 
(Kituk- wjlvr 

<d 
• K-rdiKcd rK'K-.iiijfi.' ul fiiinuuliwi of tin; aM.-x.jjKy pfinluk-*d 

t|HI(.-> irMlllUfJ|HHIKJ) 
1110 
(Kituk- wjlvr 

<d 
[2 I6 | 

1110 
(Kituk- wjlvr 

<d 
1110 
(Kituk- wjlvr 

<i |2 l7t 
EfH.kttM 
|2«l 

1110 
(Kituk- wjlvr 

<i 
< 

Nu MgniiK-jfit tffn.lv CM mutiilily JJIOWDI, mate dunvlen, 
Ul imnui JIUI Ihitiml J . J U of Ihf pjpny fiJl. 
l.i;l<i*Jn KthgUu 

khikjwj, DevftjwtNilialthjIbJiiywi-ti'ohwjvtJ ami 10(1 - I " ' vlf*.xt» 

|2I»I .z... -• *(Ki.h.-. iil mjuje fi-Ji |l'jr^l(>.'hlliyji I-JI*J-.I:II»<wul liiaji |2I»I .z... -• *(Ki.h.-. iil mjuje fi-Ji |l'jr^l(>.'hlliyji I-JI*J-.I:II»<wul liiaji 

Fc*Jorv«a "C • l iKh i t tu f nJfdfiKnl b n ^ i i f CujvgojiuigijvJ. «h-,-|| 
N J I I ' V U , was jJJ.d lo llii- w-id-f K-ten djyk J I U T 
f*.ntli<atKHi 

Tqrluipna 

' 
atf-pnfWa-iit irk-Kaw of -.iiruinvMifiial fcftAJjrt w n round in 
IlK' Wff <Stuff*.!U |UIAIhl 

KMt. • M ti infM(«M M Mtlu* •*•< « • ^uoMJ c«H*(MfKt0M •* • • * ! WfcH« •hfttdy ik* <imt, rtcttwd kf M C M M M whl/o «TJM>I. 
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s Polikarpov, G. G. 1966. Part III. (continued) 
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Source: Polikarpov, G. G. 1977. Effects of ionizing radiation upon aquatic organ­
isms (chronic irradiation). pp. 25-46. In: Atti della Giornata Sul T°5!3 
Alcuni Aspetti di Radioecologia. XX Congresso Nationale, Associaziune 
Italiana di Pisica Sanitaria e Protezione Contro le Radiazioni, Bologna. 

U 4 1 1 IMUilCM W W 1 I I W M t l i q « W H I M WMlf im • • • a * W t HMMMMI. 
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W. 

«. 

ft l i t " mt I W M H I • 
UNWtU.1 

TITJJUU'jj*' « i ) .tiiliMT* i Tl 

• h a * «MH* •* at* »walM *(•> . J 
HtuMf aaM».f •«*, , . M M ,„ **«,*] 

r «!• . • " I 
i m i M H - I I n fi— — T * » < « C M « lit 1 

-f«p. *—^-. - . . ^ i . 

«•". 

Suaws'tirjatng 

M l — l l W i l l i • 

BiSBBIICUHPZ 

* m*— t* **1M u 

U M •>HBIMVI M > MJI> 

• M l 

I M I *t •iSlinf rmi " 
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(M«M *f GMMH w, 
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Source: Polikarpov, "• C l°f:6. Part III, The effect of nuclear radiation on mirlno 
orRdniiinca pp. Ifl3-2li0. In: liadioecolony of Aquatic Organisms: the Accumulation 
and Biological Effect of Radioactive Substances. English translation nn'l revised 
edition. V, Schultz and A. W. Klement, Jr., eds. (Original: l°6li. iiadioocoloiy of 
Marine Organism.'*• Atomizdat, Moscow, 295 PP.). North-Holland, Amsterdam, 
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Source: Polifcnrnov, fi, 0, 19'rt. Kxperimcntnl methods for ra'Uobio") DRirnl InvonUfrrtionr -nth 
developing finli o^s. Paper presented at a Panel Hfctinr of the International Atomic 
Energy Agency, Vienrvis Austria, October 1977« • (in prf»Rs)# 

Table I. Radiobiological 
developing eggs 

investigations of fishes iipecies at stages of 
in marine (M)t brackish (B) and fresh (F) water. 

Taxonomy 
K, B Sources of 
or F ionizing 
water radiations 

Doses 
(rad) 

Kadionuclideg 
. concentrations Ref.; 

(Ci/1) 

Class Osteichthyca 
Subclass Actinopterygii 
Order Acinensoriformes 
Fan. Acipenceridac 

Acipencer g'uldcnstadti 

A. g. persicus 

9 0 S r (as well as 
»37 C s a r d W4 C c) ,'8/ 

External"" 800-9000 
(+ oi l 0.01-lmg/l) 

A. i te l latus External 10000 

lit 
/To? 

Huso huso Sr (as wel l as 
!3*Cs and I^Ce) 

Order Clupeiformes 
Suborder Clupeoidei 
Fam. -Engraulidae E,M 

Engraulis encrasicholus 

l o " 1 0 - ^ - 6 /i7 

~!A -It 
10 -10 * / H . I 2 / 

SubordeT Salmon oidei 
Fan* Salmonidae 

Salmo calir 

External 50-350 

90. 0.06 10 

/13 / 

External 
350 lO"5 ZK.15,167 

9 0Sr. , 3 7 C , .0" 9 Cw 
9 0Sr. , 3 7 C . . , M C e io- | 0-io" 6 /7e7 

9 0Sr, , 3 7 C S io-'°-io-5 
Z797 

9 0Sr, , 3 7 C , ' « C io-8 -,o" 5 
Z5o7 

£2l7 
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S. gairdncrii 

S. gairdnerii (contd.) 

(S. irideus) 

7 External 

90, 

89, 
Sr 

50-2500 

io - 1 0 - .o - 6 ) 
.O- 9 - . 0 - 5 > 

£227 

External 73-930 LW 
External 21-203 £247 

External 100-2000 £25.7 

3H 10~3-10~* £267 

External 44-2500 LW 

External 10-1000 £26,297 

External 25-400 LW 

External 200-2000 LW 

mi 

T 90 . LW 

Oncorhynchui gorbuscha r" 5 , F . io" ! )0" 5-io~* £34/ 

•9, Sr 
>o:i*-.o:' > 
19 -10 5 ) LW 

0. Icisutch t External 12-2400 en 
External 40 /367 

0. tachavytecba F External 15-1530 LW 

External 40 LW 

Coretpnut Uveretui ludoea 90, 
T io" '- io" 5 £387 
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C. fried 

Suborder Esociodei 
Faro. Esocidae 

Esox luciue 

Suborder Esociodei (contd.) 
Fan. Esocidae 

E»ox luciul 

F Mixture of finiion 10' 
products and ' 3 , I , 
HOBa, ' 0 6Ru 

,-3 
20000 

F External 200 

90, 
137! 

10 
i o _ i 

iW 

0.85-66.4 I0~5-I0"* /40.M7 

/«/ 

External 25-•800 £43,447 

9 0 S r * 1 3 7 C . . o - 1 0 - . o - 5 llbl 

9°Sr io" 9 - io~* £467 

l 3 7 C i * ( o i l 
0.0I-O.5 mg/1) .o-» £477 

LV 

Order Cypriniformea 
Suborder Cyprinoidei 
Fan. Cyprinidae 

Cyprinut carpio 

2 M F u 
232,, 

»*Fu 
233*235* 238,, 

-3 -2* 10 ,-10 ' 
10 

/48/ 

External 500-16000 &$ 

9 0 S r 12-3400 . o - 8 - ,o - 6 /5o7 

9 0 s r 50-10000 , o - 8 - . o - 6 /5i7 

External 500-1000 £527 

External (beta 
particle*) 

370 £527 

2 3 9 FU ^ - ' - . o - * £537 

l 3 7 C e ( + o U 
0,05 »s/l) ! 0 - 8 Z«7 

External 48000-70000 im 
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3*, 10 LHI 

Fiaephalca pronelaa M » p « I0" 5 - !0" 2 

"*v I0 3-I0* •o- 5-.o- 2 

M t n I0" 6 -I0" 5 

Z 5§7 

I**, 10 .-7 /56/ 

Caraaaitia caraaaiua .o"6-io-4 t>U 

C. auratug 

C. a. gibelio 

ML 

" b r * 1 3 7 * 

:o 

10 

in 
b.i 

ni 

Tinea tinea External k 25-1200 /58/ 

External 25-250 /59.607 

Pacudoraabora parva 
p i r v j 

r Ath ttom H-bonb 
t u t io-* fill 

. Ctanopharingodon ide-lla F 9iW 5.10"* 
-5.6 

I O " 1 0 - * " 4 38 

Arietichthjra nobilia F '"sr io" , 0-.o- 6 LV 

Kutilui rutilui 

» S r * ' 3 7 c . 

£z7 
W 

Alburnua alburnus >«,. in/ 
Brachiodanio r«rio A»h Item H-boab 

ttpt 
fill 

Fa». Cobitidae 
Miiitirnui fpaaills Extarnal 100-3000 tig 

External 10000 / I0 / 
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External 

239„ 
2 3 V 9 < W 3 ' c 

90„ 

Z«7 

9 0 S r 0.83 M»- , 0-I0-* Ififl 

Extern*1 
(colchicine) 

1500-50000 LbV 

9 0 S r 5.10"*-50 • o - , 0 - i o - 4 llfl 

/69/ 

90. IO"'°-IO" 6 LW 

Order Gasterosteifonses 
Fam. Gaaterosteidae 

Gasterosteui aculeatus 
F 3„ 0.5 /7l7 

Order Cyprinodontiformes 
Suborder Cyprinodontoidei 
Fam. Cyprinodontidae 

Fundulus heteroclitus 
External 

External 

100-2000 

2000 

/72/ 

/73/ 

External 1000-200000 /74/ 

Oryaiaa latipes F External 

External (£a«t 100-8000 
neutrons,x-rays) 15-7600 

90„ 

PI' 

ng 

ml 

Order Ferciformes 
Suborder Percoidei 

Fan. Serranidae 

Serranus ic r iba 

»°S 
B,M 9 1 v 

14*, 
Ce 

iO '^- IO"* /Tl.12? 

io-'°-.o-* 

Fan. Fercidae 

Ferca f l uv i a t i l i s 
S 0 S r 
137, 10^ ) IV 
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Lueioperca lucioperca External (+ ehloro-
phos 0.001-0.5 mg/1) 

Acerina ccrmia I4 r 10-6-10-4 i5V 

Fan. Carangidae 
Trachurus trachurui 

90, Sr 
137, C» 

Suborder Xrichiuroidei 
Fain. Trichiuridae 

Trichiurus lepturus 

137, 

M S H Mr 

C« 
30 I0~?-I0~* 

10"6-10-5 

/797 

T. nediterraneua pont i cu i 
B,H 9 0 S r io- , 4-.o-* / 7 l . 1 2 / 

Fam. Mi lHdae 

M I I I U B barbatua ponticua 

B,M 9 0 S r io- | 4 -.o- 4 /T),127 

Fam. Sparidae 

L^atcx c a n a r i e n s i i 

M 9 0 S r 
1 3 7 C . 

I 0 _ 2 - 1 0 _ I .O" 5 

. o" 6 LW 

K y l i o nacrocephalus H 9 0 S r 
- 1 3 - 3 10 -10 J /§o7 

Fan. C i c h l i d a e 

T i l a p i a mosaambiea F,B 
9 °Sr ,o-'°-.o-6 

/B1,827 

/797 

Suborder Gobioidei 
Fan. Gobiidae 

Heogobiut nelanoitomua 
B,H 

45, /5s7 

Suborder Coteoidei 
Fan. Scorpaenidae 

Scorpaena porcut ».« 

9 0 s 

89, Sr 

9 , Y (• i t tap-
tcaicin) 

(for '°Sr - 1 0 - . . . l 0 - . 
2.10-8. 1 0 , 0 . 
91--3.I0-8, 10 a -10 ! 
"c-3 .10-7 , ' °" 8 - 1 0 " 6 

, 3 7 C.-2 .10-6) 

10 

ivTi 

mi 

Suborder Anabantidoidai 
tarn, Anabantidae 

Hacropodui optreularia 
External 1000-5000 LW 
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Ordpr Plcuronectiformei *. R A 
Fam. Bothidae _ Y 10 -10 - 7 

137 -4 - - ' 
Scophtlialmut macoticus Cs 10 
maeoticus 

'•»• P l " - « n « t i d « e M frtetml 30-150 ^68? 
Pleuronectei plateaaa 

Rudario ercodes 

IO-" - IO- ' 0 

/ I 7 / 

9 °Sr 0.004-230 fl _< 
0.63-492.5 10 -10 n /337 

Paralichthya olivaccus M H 1 0 - 1 0 /5g7 

Order TeCradontiformes 
Fan. Monacanthidae „ 9 0 . . , n ~ 1 3 , n - 3 10~ -10--' /807 

Fam. Tetraodontidae 
Fugu niphobles M 3M I0 _ 8-10 /B97 

If there is a aerie* of publications, then the last and generalized one is 
being cited. 

""External - gamma or X-rays. If other external radiations (neutrons, beta-part Teles), 
they are specified. 



Sour/set 
Iticc, T, R, and D. A. Wolfe, 1971. Radioactivity - chemical and bioloGical 
aspects, pp. 325-379. Ins Impingement of Han on the Oceana. (D. w. Hood, ed.). 
Wilcy-Tnfcersoiehee, NY, 

• ^ 

Table 12,10. Amounts of Radial ion 
Required to Kill JO Per Cent of tbe 

Rainbow Trout, Sctmo gairdmi, 
Irradiated at Various States 

, in Their Life Cycle • 

Stage in Life Cycle L»-50 (U) 

Ganirtei SO-100 
1 cell 5S 
31 cell 313 
Germ ring 434-IM 
Eye 415-004 

^ a a t ^ ^ 1500 

Front Wcktiidcr ( 

300 



Source: Rico, T, H. and J* P. Baptist. 197..8 Chp, 10, ECOIORIC effects of 
rndioactivc cmir.r>\orm from nuclear power plants, pp. 373-li39. Int 
Hunan and Eoolonio Kffecta of Nuclear Power Plants, (L, A, S*c*n* e d . ) . 
Charlou C Thomas, Springfield, IL, 

rABLE l o x i i i COMPARISON o r TIIE RADIATION SENSITIVITIES OF VARIOUS AQUATIC ORGANISMS AS INDICATED B 
LETHAL DOKES* 

Specie* 

rtsH 
Camuiw auTBtuM 
ittm* gotrdnrrii 
9*dxkyrxktit kmtitk 

CSC* *>95 incub. 
fwriulvt kttcroclltutf 

Unfit ttphatiut 

Piicimotltmia «p.» 

Ittodan rkomboMftt 

fkMlkktkyt Utfmttigiml 

CRUSTACEA 
Qtmmarui tatwui 

a. 
C. rfw**«l 
faktMMCtet pufio 
P.pvgm 

Vem 

U.pvgihtor 
I/. «t6w* 
C*ffi*tttf$ ttpHw 

MOLLUSCA 
%t*tttn*m meretmtm 

Cr*t—tnm virginitM 

Auttrmhrii* fhittlttt 

Hwritu •bo/vlM 

••ny 

t-MJT 

1,090 r/wi'm 

JOOf/wte 

480 rtd/min 

UO nd/mln 

410 rid/min 

4 » rad/min 

ift»»d/inln 

4H nd/ralN 

430 r/mln 

43Dr/mi*. 
4 » r/n-tn 

1.W0 r/min 
SS0»d/«in 

Î OOr/mlK 
JM » * / « , • 
Jttnd/mlH 
M t M 7 « i B 

mni/mim 

IjNO-lMQ 4 M n 

l-» 0 90 
90 

lam 
1.000 r 

BcbcdmciaUc «t al., 196: 
Wdaader, 1DM 

- A ISO 
•07 r 

Bonbam artd Wclandcr, 
1903 

» - » » 1.190 nd 
1.076 r»d 

Whtla and AniHovic. I9G< 

» - » 
M 

MOOnd Whita and Anirlovic, I9& 

n - JO » f i V n l White find Ar.faf.ovfc, ! 9 * 

i t - JO 
H 

3.000 ml 
U D n t 

White and AriEclovic, irj& 

i i - JO 
JO 

•jCtOnd WMte»«4Ar.i«l i»le, 100 

14 — 90 
10 

I.IS0 nd 
l » S r « l 

WhltaandAn|fl<)vic,19G 

I I i l 90 1,700 r HepfttRHeit, 1909 
U 10 90 1,700 r Hoprcnlidi, 1900 

l i 10 99 JJOOi Hofrpenltall. 1»BB 
11 10 90 JJOOr Hanpanhait, 1909 

— — JO M K l H a n , 1969 
JO u 30 

40 
799 nd 
J1C tad 

J.C.Whita.unpubliihcd 

- — JO KJOOr Raaa, 1MJ 
JO 90 « l U E i a l D.W. Etajtl, impjUittwci 
JO 99 49 tJOOad 0.W. Eecal, a.npuMitlw.1 
30 * 49 lUOOud 0.W. E n i t l , unpuUuihei! 
39 JO 49 41490 nd r>t><, ion 

~ - 99 
99 

119499 r 
•7.000 t 

Plka. 1991 

— — s lOonMr 
<»40Or run, io« 

*~ a 99 
99 
99 

tUOOr 
liJOOr 
!9J99r 

IVriaMagata-Stuatlawici 
1994 

— ,— 99 
99 

4 M H r 
•MOO i Honk rial. 1969 

— — 99 
99 

47490 I Hanfi a* al, 19G9 

M - 99 97400 nd WNttaadAntriwIc.!* 

M U ky DwM W. Eafri. 
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Source! 
Seymour, A, 11, et al. 1975. Aquatic environment, pp. 103-161. In: Lone-Term 
Worldwide Effects of Multiple Muclear4Jeapons Detonations, (Committee to 
Study the Long-Term Worldwide Effects of Multiple Nuclear-Weapons Detonations). 
National Research Council, National Academy of Sciences, Washington, DC. 

TABLE 4.9 Ranges of Acute Lethal Radiation Doses for Various Groups 
(kilorads)" 

Organism Radiation Dose 

Bacteria 4.5-735 (LD 9 0) 
Blue-green algae <400->1200 (LD 9 D) 
Other algae 3-120 (LD 5 0) 
Protozoa 7-600 (LD S 0) 
Mollusks 20-109 (LDSo/3o) 
Crustaceans 1.5-14.5 (LD50/30) 
Fish 1.1-5.6 aD 5 0/3o) 

Prom Reference 71. 
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tfuureus oo.vmour, a. u..oo a i . xvit>. aquatic .nvlronmont. pp. 103-161. Tin W»:-term 
Worldwido F.rfccto of Nuc.lcar4Jeaponc Detonations. (Committee to f-twly l.ho I.oriR-lerm 
Worldwide Effects of Nuclcar-Weapono Intonations). National Uosoarch Council, 
National Acadeny of Sciences, WashinRlon, DC. 

TABLE 4.13 Estimated Whole-Body Radiation Doses to Selected Ulota, mrad/year 

Type Internal External Total 

A. Northern Uitituda—Surface (Mixed Layer) 
Fish 0.8 
CrimLacca 2. 
Hi Husks 2. 
Plants 10. 
Bird (plant diet) SO. 
Bird (fish diet) 4. 

B. northern Latitude--Hiddepth 
Fish 0.3 
Crustacea 1. 
Holiinks 1. 
Algae 8. 

C. northern Latitude—Beep Water 
Fish 
Crustacea 
Mollusks 
Algae 

0. 

0.4 
1. 
1. 

20. 

Southern Latitude-Surface Mixed Layer) 
Fish 0.4 
Crustacea 1. 
Hit Husks 1. 
Hants 16. 
Bird (plant diet) 20. 
Bird (fish diet) 2. 

E. Southern Latitude—Middepth 
Fish 0.08 
Crustacea 0.3 
Nollusks 0.3 
flints 2. 

F. Southern Latitude—Deep Hater 
Fish 
Crustacea 
Hsllusks 
Hants 

0.0S 
0.2 
0.2 
1. 

0.01" 
70.'' 
70. i 

0.04" 
• 0.007° 
• 0.007° 

0.005 
30. 
30. 
0.01 

0.006 
30. 
30. 
0.02 

0.006 
30. 
30. 
0.02 
0.003 
0.003 

0.001 
7. 
7. 
0.003 

0.0008 
5. 
2. 
0.002 

0.8 
70. 
70. 
10. 
50. 
4. 

0.3 
30. 
30. 
8. 

0.4 
30. 
30. 
20. 

0.4 
3(1. 
30. 
16. 
20. 
2 . 

0.08 
7. 
7. 
2. 

0.05 
S. 
2. 
1. 

^External dose fro* water Immersion. 
#txteniul dose at water-sediment Interface, 
hswrsiofl dose If 501 of time is spent In water. 



„.,.. , „ v l , o u r ». ii. ni ax. X<)V>. Acnntic (rivironmont. pp. 103-161. Tns l.unp.-torri 
" " ' S o S i U o K r i e S of Huctor-Weapom, tetonnLiono. (CowLttoe to Winy bho T.onR-torm 

Worlilwlde Effects of thiclcar-Wcapons Hf.-loa-itioiis). Notional Research Council, 
Mational Acadeny of Boienooa, Vlauhinnt.in, DC. 

TABLE 4 .16 Estiwated Radiation Doses to People Consuming Seafood, •rem/year 

Food Total Body G1-LL1 Thyroid Bone 

Harvested from: 
A* Northern llcmiophcrc—Surfaoo (Mixed layer) 

ru\\ 0 .06 0 . 0 6 0 . 9 0 .07 
Crustacea 0 .008 0 .02 0 .4 0 .009 
Nollusks 0.OU4 0 .03 0 .8 0 .005 

TOTAL 0 .07 0 .1 2 . 0 .08 

50-yr dose 4 5 100 4 

6. northern Hemisphere—Hiddepth 

Fi. l l 0 .02 0 .02 0 . 3 0 . 0 3 
Crustacea 0 .005 0 .006 0 .1 0 .004 
Mollusks 0 .002 0 .01 0 . 3 0 .003 

TOTAL 0 .03 0 .04 0 .7 0.04 

C. northern Hemisphere—Deep Water 

Fish 0 .03 0 . 0 3 0 . 4 0 . 0 3 
Crustacea 0.04 0.007 0 .2 0 .005 
Mollusks 0.U4 0.015 0.4 0.0004 

TOTAL 0 . 1 0 .05 . 1 .0 0.04 

P. Southern Hemisphere-Surface (Mixed Layer! 

Fiah 0 .03 0 .02 0 .4 0 .03 
Crustacea 0 . 0 0 3 0 .007 0 . 2 0 .004 
Molluiks 0 .002 0 .01 0 .4 0 .002 

TOTAL 0.04 0.04 1 .0 0 .04 
E. Southern Hemisphere—Middepth 

Fiah 0 .005 0 .006 0 .09 0.007 
Crustacea 0.0008 0.002 0.04 0.0009 
Molluaka 0.0004 0 .003 0 . 0 8 0.O005 

TOTAL 0 .006 0 .01 0 .2 0 .008 
F. Southern Hemisphere—Deep Uattr 

Fish . . 0 .0035 0.004 0 .06 0.004 
Crustacea 0.0005 0.001 0.02 0.0006 
Molluaks 0.0002 0.002 S.-S1 O.0004 

TOTAL 0.004 0.007 0 .1 0 .005 

.Totals arc rounded off to avoid suggesting undue accuracy. 
Entrance to lower large intestine. 
Mineral bone. 
Doe* accuaulated over a 50-year period from continuous ingestion of contamin­

ated seafood at tlie aaaa concentrations aa the f irst year. 

'#i,„ 



Sources Templeton, W. L. , R. E. Kakatanl nnd K, E. Hold, 1971. iladiation effccte. up. "?3-
239. In: Itadionctiilty In the Hariho Environment. (Panel on Marine lia'dioaci.ivity in 
tha Marine Environment). National Aoadeitgr of Sciences, Washington, DC, 

(Gadua aeguiirius), 
TABLE I Railisllon Doie Riles in mud/Week in Viriout Tiiwtt of Cod (GatHuceYtoriu) ind lladdoct 
from the Decay or<0K and »*Ra* " * 

lUiiOUKWl HHCtt Stta •<M FM Muck ai . 

7 
o.«s 
0.09 

0 » 
.01 

0410 

0.2» 
0.01 

t i l 
am 

0.H 
0.09 

o.u 
0.01 

0.040 
• M m Ftfenv {•»»). 

TABLE 2 EilimjltiofNilunl-R»diili«i DoKRilnio 
Haice (rirutontclctpltlcnm) In Hie Iriih So* 

Swice 
Tyaa* 
(Malic* 

D M in 
•HAW* 

Natural tetMly in * U I M « 
<**ICo«ly> < M 7 

H I 

Nauttal activity in waita 
(minute) 

CMMfc raculiwi at 20 r. 
. #1 1.00 

0.11 

" K k f t * * 
a 

M l 

•.a 
T«al Ulnll/wat 

'oua hmm W u * r i (a I miamlmlaa). 



Source: Toytsugina, V, B., H, 5. Kisik and G. 1!. Lastorcnko. 1?75. Chp, II. 
Karyolofjy of marine fish and the effect of radionuclides on their 
chromosome apparatuo. pp. 16 - 39.. Ins Artificial and natural 
itadionuclideo in Marine Life. "Naukova Duirika", Kiev. 
(English tronsl. TT 7S-50010, U. S. Dopt. of Commerce, Hational 
Technical Information Service). 

Chronic effect of low doses of incorporated radionuclides on the chromosome ' 
apparatus of animals and plants (the excess over and above ..the absorbed dose 
supplied by cosmic radiation is indicated in parentheses). 

Ofcject 
rteqvmeyof 

iMmaloM* mlfM«i 
IhofcAWRll 

RerweiKe 

3-10mfaJ fcpro 10'J 

ScoipiMfiili tat wtbet fenfaryM) 113-ttl 

ia - l t , mt*Jaj P Mia>) 

ftirfeu 

Rill (bone marrow) 
Scwpiwifith and iwtot (embtyot) 

I N 
121-111 

l«'-10 ,nw»d|.ptolO l) 

MhlwIov.lNt 
O K tfaia 

Rati (hone mairw) 
teatfkalUh nt itirbot (embryo*) 

175 
121-242 

Jt'- it ' trxiJ fc» io w 1 ) 

fur data 

ton front marrow) 
RMS Aympboeytci) 
ttmfttmtlMt femhtym) 

236-616 
9M-3.CH 

2M 

MMHhv,19M 
VhMUfioaTtkln.lMI 
fax data 

Peas, Kapha) ftrabifrMrteti *rawii 
•mil mot l eaM la »•>>•utUit 
aitMMW) CM UdUh. lHO 
H M M hcam f»a4cal J M I I K M O J 4 M - I . 2 U 

llMl'maa' bp M it*) 

truth « a l . , l M | 

Htt PMC MWfWf) in IMTtlUM^UMHM.lKI 

JMOOM) »» Zfctmt and PavlltikayailtM 
Itafcot femtyM) in oar data 
ftattKaftial ttraM #ww|cn grow* 
turn «•*•* mlrro' t* rMHoMHelWr 

ttv-m tHrkHiktlWt 
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Source: TeytsuGina, V. 0., N. S. Risik and 0. E. ia'.orenko. 197jj. Chp. II. 
Karyoloey of marine l'inh and the effect of radionuclides on their 
chromosome apparatus, pp. 16 - 39. In: Artificial and Natural 
Radionuclides in Marine Life. "Naukova Dumka", Kiev. 
(EnjjliBh transl. TT 75-50010, U. S. Dept. of Commerce, National 
Technical Information Service)'. 

TAM.C T. SentJtJviry of Htfi at different Magei t f omngeMiJt 10 eaimal Irtwljarion 

ieecle* Oese.f tffect . Reference 

CaraitJm a u r i m 
Ad* lu •TO U l i mortality Clllnger.mt 

Tinea tinea 
Embryo* at Kage of cleavage M Morphological anomalies KulikflVjTIrnorccvi.and 

JR larva* Shistientova.lMl 
Hie Mine 4W 100% egg mortality Theunw 

Mltgnrniti f o i i l l l i 
Embryo* at early bliKula stage H-100 Death of embryos, m* felyacva and tofcrovtlcaya, 

creased rwmhet of 
morftH>1>iglcal 
anomalies and nuclear 
disruptions. Slackening 
of mitotic activity 

l tSt , l t5t 

Salmo lalar 
Embryo* « blaNometlc 3M atrteMcd mitotic Mlgalovikaya. IW9 

Hatnila Mage activity 
S.gairdiicrii 

Adn.it 1,H» Wr mortality tVclendcret al..i!M<< 
Eirmryoi at occlhrt ttjge 1,000 • • tVe1andcteta1..1»4l 
eVnfcryoi at ocellus trage 415-KM • « WelindtMIM 
Cmbryoi ai germ banc' tragc 4S4-4II " " • • 
Embryo* ai 32-celt fiage 313 • " • tinfarye* at 1-eelt stage H • • • " Gamete* In Uik H - 1 M " " Foster « i a t , 1041 

Oacathf NchHt Itlsoticn 
Zygotei In ftate of mitosis U " * DoMMioa and Fetter* 1 H 7 

O.tschavyHcHa 
Larvae 1,00* • • Btoidiimet s l . , l<H8 
TOHHg UM-a.wo • • Rrmham t t a l . , t a m 
Embryos Total dost Reduced wmher of lonrum aad DenaVJioa, 

40 venlbrae Jo spec! mens 
of the first getteratfcw, 
mereaaad fertility 

1K4 

Nemencctei •larciia 
Embryos DNi i f D a m i f lug effect not Tempts*** , 104C 

far I f days round 
•egtMlRf of cleavage » Morpliologieil 

•mmalies In latvae 
Tempter*** l t M 

3.Q7 

http://Adn.it


Source: Tsyteunina, V. G., N. S. Risik and G, E. Laaorenko. 197f>« Chp« II, 
Karyology of marine fish and the effect of radionuclides on 
their chromosome apparatus, pp. 16-19. In: Artificial and Natural 
Radionuclides in Marine Life. "Naukova Dumka", Kiev. 
(English transl. V? 75-I&010, U. S. Dept. of Commerce, National 
Technical Information Service). 

TAME I . Seiulllviiy of fish emhryoi in loooipnr ircJ radionuclide* 

Speciei Cmicrimatloiii 
cvrje/llter 

Ca ia i i ln * autatui, 
ftNtltvt ru t i lm, 
AIfa«rri«< alburns*, 
Acer lm cerntia 

Corcgoniil peled 

ScetpaeM portal 

l4r. 

a-it^-s.io*4 

Egg motialliy,meipb(j* 
fogfcal inamaltes In 
larvae. Inert tied 
rapidity oflmehlng 
of latvac 

Fgg mortality, morpho-
togleat anomalies 
In larvae 

fcicrraiee' firqucncy of 
Mcteet diMptiom 

F«*Jtov*,i;65 

Tiynujtini>lNfte 

Lcbli tct xypfcophorurl ( Degradation of genera' I Vivien, 
live time | 

1153 

"»-*T 
Cyprlnut citplo** *.io-;-.wo- Sepprcttrd growth Ubcdevi.lMB 
Tl ic i tinea »•»-«•» No damaging elfeci Knli)<0v,Timofccv»,ind 

round, rale of develop* 
ment wichaitged 

Shl*enkova,19C» 

Eioi leciui i» , M-i»-» No mortality or in- Tlmofeeve and Al'toiir, 
eteued immbei of 
morphological anomallei 
observed 

I fTt 

H-'- l l* ' fecreiied number of 
chromoieme aberration 

The tame 

Milf.fUMf foltllll lt*»\lt/« Egg morutiiy, mntpfw Shckfaanovd asd 
logical aaomalfei 
ta larvae 

recbkureHlwvr<KI 

it-Mr- No damaging effect fotnd The same 
Coregentit livtrctesl 1-10'"-1.W'* Death of latvac at the 

Hamilton M eaegenow 
reeding 

Fedof*va,]M3 

Salmo *aUr Jt'-W" 1 tgg mortalfty,morr4M- HeMMfoev ami FodymaMtla, 
logical anemalle* In 
larvae, accelerated 
tempo of development 

IQM* 

!•*»• Accelerated matin ariwi 
•fMtoirelh,paiha-
logy not note. 

NarHreev,|9M 

]|-»-!•-• IN«mpilM of mitnile 
dlvrijM,dettMetlve 
chancel In Mood 

Koahekv»,lMt . 

!•*« ffWonvHOMC orcaifigef 
M eclri of embtyot 
end larvae 

MigeteviJiaya,lM« 

VMM)t e*d K«al1y mawte fin 
•• T«we«,*af*r*«'yee» 
t UfVH 
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Tabic f; continued. 

Sources Tsytsiifina, V, G,, N. E. Risik and G. E. Lazorenko. 1975. Chp. II, 
Karyolo^y oi' marine fish and the effect of radionuclides on 
their chromosome apparatus, pp. 16-19. Ins Artificial and 
Natural liadionuclides in Karine Life. "Naukova Dumka", Kiev. 
(English transl, TI 75-50010. U, S. Dept. of Commerce, National 
Technical Information Service). 

TAII.E • (CMllmeiU 

Species 
Concern ration, 

etiric/Hier 
Effect Reference 

Salmo «alar io* ••-IO" 8 deduced number of 
primacy icr crllf ITSC) 
up M l l tgr *>f bUlM-
pore CIOMIC 

Mif>k>viM( 1l«9 

, , - H increatcd number of 
rSC In day-old 
larvae 

W* teduccd nvmbci of 
KC i t all ttaf a «f 
tmbtyogcncili 

S . t i i r t a w ftr-dueed mrrnnci of •row* and Ternplcion, 
hatched larvae. In* 
created number of 
Reformed larvae 

m*. Trnpleton.lMt* 

10* • increased minihcr of 
haffhed l»rvie,mJiiccJ 
number of deformed 
larvae 

The lime 

P l c v i o n e c ' e i 10" \10* 4 Reduced number of • p la te i - a hatched larvae and 
reduced number of 
deformed larvae 

l t - H Mortality, tiKMptKilflftieal 
annrmfirt In iatvae 

Fcdotovet JI-.19M 

Icorpaena pot cut. I-W-M-M"* Morphological MMrtalltt fotifcirpov and IVanpv, 
Engran l l * encra- in larva* I W I . l t K a . e 
• l e h o l * i r TrachHrut 
rnedif c r raneu i 
p o n t f e m , Mt i l t l s 
• a i b a i a t p o m l c n i , 
Scrraavi i c r i ba 

8.|0* l-10" 4 1 Egg mortality fvansv,19C5 
Scot pa c m potent* i^Mo'" MtrpKolm-ical M M M I I M tellkarpov and Gametfl, 

Satf!»f annular is . in larvae INC 
M n l t i t fcarbarni 
pont lcwi i T iachun t t 
medi rer ranent 
pout [ c m 

f c t r p a e n a po rcm w-ir 1 bKrcaicd'frrqttmry of 
MrclcM ditmpfioM 

TlVtlne.*il,*»7l* 

Senipaen* pot cut, 
Cnftranl l l encra-
i l c h o l m , T t a r h n r n i 
McdirerranpHt 
•>OHlfC«S|Mtll1ll 
• • i ba tH i p o n t l r u t , 
S e r r a n o ter fba 

Scntpaena p<rrc*ii, 
Scnphtha lmm mac> 
• t l c n t maen t i c i i l 

S 10' *-i •!$'* Mntpbok^lcal anomallci Ivantv, IMS 
InlarvM 

ticreaied ftrnjienry of 
MKleat dtmtn'toM 

Ttytai|ina, 1NM>. I fT** 



Table 6 continued* 

Source: Taytsufjina, V. G,, N. s* Risik and G. E. Lazorenko. 1975. Chp, I I , 
Karyolo&r of marine f ish and the effect of radionuclides on 
the i r chromosome apparatus, pp. 16-19, In: Ar t i f i c ia l and 
Natural HadionucJides in Marine Life* "Naukova Durnka", Kiev, 
(]Sn£Lish t r a n s l , TT 75-f>00lO. U. S, Dept, of Commerce, National 
Technical Information Service), 

TAM,e * fcOfKlrmctfJ 

specie* C'jinURMMlMt 
cwle/littt 

Plcvroaectei 
p l a t e n * 

tc»pfcth»lmat m«eo 
liens maeoitcBi 

SeorpJctia porrHt, 
Engtml i i encra* 
•Icholttf. Trscbirw* 
mt 4 it eirtntus 
peti icti i i Mill H i 

•bukatttf pent lc t i , 
l c i (»mi f icrlba 

l * ' " - H -

»'c« 

Mortality, morphological IFeeotov er il. (1964 
•Mfniflet i« larvae I 

kmci«c< frequency of f Tiynugiu,iK9c 

•"ft* 

Morphological anomalies 
In lirvic 

Extract »f rarflotctlve *ih 
I I * 1 11«?> Urval mortality, I IKMya irW T»|(,It5« 

RicUaaiiclJJe ml i t t i r * «f •nhn*wii e«mp«t i tUn 

£«»ra * « * i » « 4 * » a | 1 H * *gg mortality M)umiiWjiaubt«iMi 
T ik tw . I fM 

4 J - I t " " ••Ppretn* grown MM 
rffflttcMiulon, tf cliyee' 

toflieal »nMiill« 

Tttcuma. 
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Seymour, A. II. ot al. 1975. Aquatic environment, pp. 103-161. Int Loni;-tc™ 
Worldwide Effects of Iluclcar^Weapons Detonations. (Committee to Study tho Long-term 
Worldwide Effects of Nuclear-Weapons Detonntions), national"Resoarcn Council, 
National Academy of Sciences! Washington, DC. 

TABLE 4.10 Comparison of the Radiation Sensitivities of Various Aquatic 
Organisms as Indicated by Lethal Doses 

Dose Temp. Salinity - L D 5 0 1 LD50 
Species Radiation Rate CO (ppt) Days Dose 

FISH 
Caraeaius 

auvatuB X ray 1080 rad/aln 20-25 0 30 2,315 rad 
Salmo 

gairdnerii X ray - - - 30 1,500 rad 
0naot4iynohus 

kieutah 
*U* X ray 100 rad/ain - - 150 25 rad 
eggs 503! 

incub. X ray - — — 607 rad 
Fundnlus . 

heteroolituB 
Fundnlus . 

heteroolituB Gamma ray 480 rad/aln 21 - 30 1,120 rad 
50 1,075 rad 

Mugil , 
otphalus 

Mugil , 
otphalus Gamma ray 480 rad/aln . 18 - 30 

50 
1,450 rad 

Euainostomue 

30 
50 

•P.* Gaama ray 480 rad/aln 22 - 30 
SO 

3,500 rad 
1,575 rad 

Lagpthn , 
rhomboidea 

Lagpthn , 
rhomboidea Gaaaa ray 480 rad/aln 18 - 30 3,000 rad 

50 2,250 rad 
Mieropogon b 

undulatut 
Mieropogon b 

undulatut Caaaa ray 480 rad/aln 18 - 30 
50 

1,050 rad 

Paraliehthye ^ 
Itthottigma 

30 
50 

Paraliehthye ^ 
Itthottigma Gaaaa ray , 480 rad/ain 14 - 30 5,550 rad 
< SO 1,925 rad 

CRUSTACEA 

Gamaru* 
*alinu9 X ray 420 rad/aln IS 10 30 1,700 rad 

C. naddaahi X ray 420 rad/aln 15 10 30 1,700 rad 
G. duabeni X ray 420 rad/aln IS 10 30 3,900 rad 
G. duobeni X ray 420 rad/aln IS . 10 30 . 3,500 rad 
Palatmonetet 

pugio .Gaaaa ray 1950 rad/aln - _ 30 1,455 rad 
P. pugio 1 Gaaaa ray 350 rad/ain 20 30 30 

40 
750 rad 
215 rad 

Vca pugnax Caaaa ray 1950 rad/aln - -. 30 8,209 rad 
V. pugnax Gaaaa ray 350 rad/aln 20 30 40 lf/iiO0 rad 
V. pugilator Caaaa ray 350 rad/aln 20 30 40 9,800 rad 
U. minax Caaaa ray 350 rad/ain 20 30 40 13,500 rad 
Callintatu \ tapidua Caaaa ray 350 rad/aln 20 30 40 42,000 rad 



Table ti.10. continued. 

Seymour, A. H. ct a l . 1975. Aquatic environment, pp. 103-161. 
' Long-term Worldwide Effects of 'hiclear-V.'eapons Detonations. 

(Committee to Study the l.onf-tcrm '.forld-iitie Effects of 
ttoclear-Weapons Detonations), national ltesearch Council, 
National Aeadeny of Sciences, '.lashinpton, DO, 

In: 

Species 

MOU.USCA 

tkirmHiitria 
mercencwia 

Crassostrea 
viiyinioa 

Austvaloi'bis 
jlabvatus 

Urosalpinx 
ainei'ea 

U. cinerea 

Naesavius 
obsoletuB 

Dose Temp. 
Radiation Rate <*C) 

Salinity 
(ppt) 

Gamma ray 5800 rt&imin 

Gamma ray 5800 rad/min 

X ray 1000-1500 rad/roin -

X ray 

X ray 

Camma ray 480 rad/min 18 

LD 5 0 

Days 
LD 5 0 Dose 

™ 30. 
60 

115,000 rad 
67,000 rad 

- 30 
60 

100,000 rad 
<10,000 rad 

0 30 
60 
90 

23,800 rad 
16,300 rad 
13,800 rad 

-

30 
60 
30 
60 

40,000 rad 
20,000 rad 
47,000 rad 
32,000 rad 

- 30 
50 

37,500 rad 
14,000 rad 

Baptist , 197M aData from Reference 34. (Rice, T. &, and J. P. 
lunacure stage. 

I >' 

^;,^0^m^rK^ i'i' 



SELECTED BIBLIOGRAPHIES ON 
BIOLOGICAL EFFECTS OF IONIZING RADIATION 

by 

Vincent Schultz 
Department of Zoology 

Washington State University 
Pullman, Washington 9916^ 

1979 

315-316 



Anonymous. 1978. Low-level radiationi Biological inter­
actions, risks, and benefits, A bibliography. U. S. 
DOS report TID-3373- iv, 513 pp. plus index of 218 pp. 

Bost, W. £., H. L. Ward and H. H. Voress. 1967. Combined 
subject and author indexes to radiobiology biblio­
graphies. TID-3097. Biological effects of ionizing 
radiation and TID-3098, The effects of radiation and 
radioisotopes on the life processes. U. S. AEC report 
TID-3099, iii, 762 pp. 

Ingram, Li. 1966. Biological effects of ionizing radiation. 
An annotated bibliography covering the years 1898-
1957. U. S. AEC report TID-3097. viii, 892 pp.( index 
vii, 286 pp. 

Langham, W. H. (ed.), P. Bell, L. Godfrey and H. Stearns 
(comps.). i960. Literature search on the relative 
biological effectiveness (RBE) of ionizing radiations. 
Los Alamos Scientific Lab., U. s. AEC report LAI'S-
2343. 251 PP. (USA 14-25216). 

Phillips, K. D. and l-i. G. Nagelsen. 1951. A bibliography 
on the effects of x-rays on bacteria. Battelle Memor­
ial Institute, Columbus, Ohio. 18 pp. (NP-3610). 
(NCA 6-1377). 

Pierce, C. K. 1963. The effects of radiation and radio­
isotopes on the life processes. An annotated biblio­
graphy. Book 1, 2. U. 3. AiiC report TIQ-3098, viii, 
1824 pp. (Index by Bost, W. 2., H. L. Ward and H. E. 
Voress;. 

Robinson, Ti. P., K. D. Phillips and id. C. Nagelsen. 1951. 
A bibliography of the effects of x-rays en bacteria. 
Oberlin College. 18 pp. (NP-36IO). (NSA 6-1377). 

Smith, L. L. 1961. Algae 1 Radioactivity uptake irradia­
tion effects, a literature search. E. I. duFont de 
Nemours and Co., Savannah River Lab., U. S. AEC report 
Tia-11749. 4 pp. (NSA 15-8504). 

- 1 -


