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ABSTRACT. A method for calculation of upper limit internal alpha dose rates

to aquatic organisms is presented. The mean alpha energies per disintegra-

tion of radionuclides of interest are listed to beused in standard methodologies
to calculate dose to aquatic biota. As an application, the upper limits

for the alpha dose rates from 23%9Pu to the total body of plankton are

estimated based on data available in open literature.

RESUMO. Um método e apresentadc para o calculo dos limites superioves

das taxas de doses internas de particulas alfa para organismos aquati-
cos. As energias medias das particulas alfa por desintegragao sao arrcla-
das para radionuclideos de interesse para serem usadas para calculo

de dose para a biota aquatica em metodologias convencionais. Como uma
aplicagao, estimou-se os limites superiores para as taxas de dose para

o corpo inteirc de plancton, devido a2 desintegragio alfa de - 3%pu,

baseando~se em dados disponiveis na literatura.
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INTRODUCTION

Necent report con the effects of ionizing radiation
on aquatic organisms and ecosystems (IA76) recognizes that
the dosimetric models tc agquatic biota need improvement.
However, the existing models allow to estimate non refined
dose rates to organisms of distinct species for purposes of
comparison. An estimation is presented here on the upper
limits for the alpha dose rates from 23°Py to the total body
of plankton kased on data available in the open literature.
The mean alpha energies per disintegraticn of radionuclides
of interest are listed here to be used in standard

methodologies to evaluate dose to aguatic biota.

STANDARD METHODOLOGIES

Most aquatic organiocms are in contact wicth water And
sediments as well, and can concentrate radionuclides directly
from water or through their focd chains. It is well recnig-
nized that the radiation dose to aguatic biota should ie
evaluated for extcrnal exposure to potentially contaminated
water and sediments and also for internal contaminants.

The methodology to evaluate external and internal
dose from beta and gamma radiation is well cstablished (W73,
8073, Le75). However, estimations of dose t¢ aquatic Liota
have been alsoc made by other investigators at various levels
of detail (Fo57, Ché4, Sh72, %073, Wr73, ra76, He76). An

examination of the various apprcaches used thus far in dosi-



metric estimations to aguatic biota has shown that, despite
some poirts in common, there is not yet an universally adopted
way to estimate internal dose to aquatic organisms. Besides,
the alpha contribution to the internal dose mabee misesti-
mated if the suggested standard methodologies (So72, Le75)
are used, because faulty computational parameters are listed
by So73 (file CRITEN to be used in the CRITS Program) for the
mean alpha energies available for deposition per disintegra-
tion. Those computational parameters would be approximately
correct if used to estimate dose equivalent, in rem, to
humans, since the values for effective alpha energy per
disintegration listed by So73 are about ten times higher than
the alpha energy values accepted currently and compiled in
Nuclear Data Sheets and Hef9. However, when estimatin:
absorbed dose, in rad, the use of such parameters wiil lozd
to misestimations in the alpha doses., Since the variations
in relative bioclogical effectiviness (RBE} between alpla-
radiation and beta- and gamma-radiation are nog well esta-
blished yet for most aquatic organisms, the dose estimations
for those organisms are usually expressed in rad rather than
in rem,

T'ie contribution from manmade alpha emitters, like
233,2%0py for example, is not expected to be generally dominant
to the overall radiation dose to aguatic biota. However, the
internal alpha dose should be considered in standard compu-
tational methodologies used tou estimate radiation dosge to
aquatic biota when alpha emitters are involved in routing or

accidental releases of radionuclides to the aquatic environ-



ment. Independent estimations made by several investigators
(Wo73, Ch€4, Sh72, Fo73, Pa76j have shown that the natural
alpha internal dose to some species of aquatic biota might
not be neces;arily negligible in dosimetric estimations.

Wo73 suggests also that the alpha dose from 23%pu to planktorn

may become more significant in the long term.

MEAN ALPHA ENERGIES FOR DOSIMETRIC CALCULATIONS

Thne mean alpha energies, E“, listed in Table 1
provide the basis for calculating the upper limit internal
alpha dose rates from radionuclides which may be present, in
minute amounts though, in aquatic organisms. Those radic-
nuclides may be incorpcrated into aquatic organisms eitzer
due to bioaccumulation of natural occuring radionuclides or
by internal contamination with manmade radionuclides.

The mean alpha energy, Eai’ avaiiable for deposition
per desintegration of a radionuclide i is calculated by the

followirg expreczsion:

ai £5iB.51

e

where fji = the frequency per disintegration of the emission
of the jth alpha particle; and
Eaji_=the energy of the jth alpha particle (in MeV;

emitted by the radionuclide i.

The upper limit to the average internal alpha dose rate to

total body of an organisms can be easily calculated under



the following assumptions:

1. Any alpha emitting radionuclide i is uniformly distributed
throughout the organism body; and

2. The mean alpha energy, Eai’ available for deposition per
disintegration is totally absorbed within the organism

body. The values of E_.

| N S

are presented in Table 1 based

on data taken from reference He69 and Nuclear Data Sheets.

The average internal alpha dose rate, D (in wrad/hrj},
is usually calculated (Wo73, So73, Le75, Pa76, He76) by the

following expression:

D =2.,13 7 E .C,
- 21 1
i
. dis | wra/hr _ 5 o - 9IS - exos
where: 2'l3pCi,/gn TRy = 3.7<10 e 1.6~10 v
9y urad L1n? 5eC |
Eﬁ. = mean alpha energy per disintegration (seec

Table 1) (in MeV):
Ci = concentration ¢f radionuclide i in the oradanium

{(in pCi/gm).

UPPER LIMITS TO ALPHA DOSE FROM Pu-2392 TO TOTAL BODY OF

PLANKTON

Plutonium-239, an alpha emitter with 2.4-10" years
half-life, has already found its way to the aquatic environ-

ment in measurable amounts through fallout from nuclear



weapons, accidents with military airplanes carrying nuclear
weapons, and releases from the nuclear industry. Data on the
plankten content of “ ¥*Pu are available from the literature.
However, to the best of our knowledge, the cnly reported
attempt to estimate the internal alpha radiation dose rate to
plankton from 2:%pu thus far was made by Wo73 (reproduced in
IA76), based upon data from Pie4 and No71l.

Table 2 presents estimations for the upper linits
of the internal alpha radiation dose rate received by
plankton due to the bio-accumulation cf <*’Pu. The assumptions
made to calculate the dose rates presented in Takle 2 do not
take into account the internal distribution of the alpha
emitters 23%%,2-0py, However, keeping in the proper per-
spective the variations due to internal distributions .7
239py in distinct species, one can still make the obsai.. -
tion that some phytoplankton from North Atlantic colleots:
in 1966 (No71) and zooplankton from Thule (ﬁa7l} might rave
received higher total internal alpha dose than the plany:an
collected in the Bikini Atoll in 1964 (We69). Assuming
plankten life spans higher than one year and concentration
of 23%Pu constant in time, the upper limits for annual
internal alpha dose to total body of zocplankton from Ty
would remain under 1 rad with the sole excepticn of the
dose to zooplankton from a specific site in Greenland where on
accident with a military airp’anc¢ in the winter before the
collection time has been reported (xa71)— However, morc
recently gakrog has observed that the Plutonium concentra-

tions in aguatic organisms from Thule, Greenland have heen



decreasing with time {(Aa77). The internal annual alnh:z dose

¢t
o
[p]

to phytoplankton from iorth Atlantic (HNo71) might alsce

be over 1 rad.

DISCUSSION AND CONCLUSIONS

The mean alpha energies available for deposition
per disintegration listed in Table 1 should be used in
standard methodologies to calculate dose o aquatic bicta,
whenever the concentrations of those radionuclides in the
organisms are known.

The upper limits for internal alnha dose rates
presented in Table 2 and also those esfimations mace
Wo73 should be considered only as preliminary efforts
towards valuable dose comparisons. The upper limit oo tic
annual internal alpha dose for plankton from < ‘Pu hau iLeen
estimated, under bounding assumpticns, to be about | o3l

based on data taken from the literature. Such a doue i

usually regarded as insignificant as far as radiobiolor ol
effects arzs concerned. However, there are discrepant, o7 9=

points on the radioresistance of marine organismsg (266,
Bo71, 1IA76).

The total alpha doses from “°°Pu incorporated rie
the organisms to the total body of zooplankton of severad
origins and distinct species are in general in th2 sanme
order of magnitude of the natural alpha dose, 27 mrad/yr,

to the total body of the zooplankton Gammarus from the

Hudson River (Pa76). However, in cases of accidental
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releases the alpha dose from ~~ Pu ‘o total body of plankton
may be consideraizly higher.

The internal distribution of alpha emititers ins:de
zoonlankton, for example, may result in dose rates to a
particul~r crgan greater than tenfold the dose rate estimated
to the total body of the organism, as Pa753 has shown to

occur, under labaratory conditions, with the internal alpha

dose from “2%Ra to Gammarus. Besides that, the outside-to-
inside ratios for “'“Po and ““’Pu have becn reported to he

1000 and 200 respectively for the giant brown algae, Pela-
gophycus porra (Wo72). Recently, 177 reported that the

concentration of *:?/1-“py in cuphausiic, Meganyctiphanus

J

norvegica faecal pellets is twc orders of magnitude hixl

o
M

than the concentrations in the exoskeleton and wholebod: .
Seabed has been receiving serious consideration Az
a valid option for the ultimate dispeosal of high level
nuclear wastes (llo77). The U.3. Environmental Protectici
Agency has shown recently (EP77) that the alpha emitting
/
wastes from phosphate and uraniur mining present also

disposal problen. The lack of knowledge to make a decislon

at present time whether seabed can he the site for ulc:
disposal of high radicactive waste haz been nrudoently
recognized (He77). However, :n the long randge alpha anitiszrs
can find their way to the aquatic environment by leakin.,
leachinyg and running off irrespective seabed will or wi.l
not be chosen 25 the site for ultimate disposal of radio-
active wastes. Therefore, an effort should be made to

iwmprove the experimental and calculational methodologies to

Ve
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estimate the dose per generation of aguatic organisms of
lower trophic levels taking into account the internal

distribution of alpha emitters.
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Table 1 - Alpha emitting radiomclide mean alpha energies E  per disintegra-
tion for deposition, and ragiological decay ccnstints.

E (MeV)*

Nuclide ay Ar(day)"1 Reference
B4-212 2.2 {= 6.0x0.36)** 1.6E+017 He69
Po~-210 5.3 5.0E-03 ND71a
Po~-212 5.6 (= 8.8x0.64)** 2.0E+11 He69
Po~214 7.7 3,7E408 HebS
Po-218 6.9 3.3E+402 Het9
Rn-220 6.3 1.1E-:03 NDT6a
Rn-222 5.5 1.8E=01 He69
Ra-223 5.8 6.1E~-02 Ha69
Ra~224 5.7 1.9-01 ND76a
Ra-226 4.8 1.2~06 Het9
Ac-225 5.7 6.9E~02 ND73
Ac~-227 -0.1 8.8E-0Q5 H269
Th=227 5.9 3.7E-02 He69
Th~-228 5.4 9.9E-04 ND76a
Th-229 4.9 2.6E-G7 ND71b
Th-230 4.7 2,.5E-08 ND70
. Th-232 4.0 1.4E-113 ND70
Pa-231 4.9 5.8E-043 WD71b
U-232 5.3 2.6E~-0% ND70
0-233 4.8 1.2E-083 ND71b
U-234 4.8 7.7E-092 He69
0-235 4,2 2.7E~12 ND71bk
U-236 4.5 7.9E~11 ND7Q
U-238 4.2 4.2E-13 ND70
Np~237 4.8 8.8E-10 NL71c
Pu-238 5.5 2.2E-05 ND70
Pu=-2139 5.1 T7.8E-08 ND71lc
Pu-240 5.2 2.9E-07 ND70
Pu-242 4.3 4.9E-09 ND?D
Pu-244 4.6 2.3E~-21 ND76a
Am-241 5.5 4,4E-06 ND71lc
Am=-243 5.3 2.6E~-CG7 ND76Db
Cm-242 6.1 4.2E-03 N070
Cm~-2413 5.8 6.7E-05 ND7ED
Cm-244 5.8 1.G5-04 ND763
Cm-245 5.4 2.2E=~07 ND76b
Cm~246 S.4 4.0E-07 NL76a
Cm-248 4.7 5.6E-09 ND76a
Bk-247 5.6 1.48-06 ND7&b
Cf-252 5.9 7.2E-04 ND76a

* Mean alpha energy available for deposition per disintegra-
tion of radionuclide i.
** Correspondiny to {(Pc-212, Ti-208) branching ratio of Bi-212.
t+ 1.6E+0)1 = 1.6 x 10!
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