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ABSTRACT

The primary goal of the U.S. Subseabeé Dispceal Program {STP) is to
acsess the technical and envirommental feasibility of cisposing of
high-level nuclear vaste in Geep-sea seciments. 7The cubseebec biclogy
progrcn is charged with assessing poscible ecosystem effects of
radienuclices a5 well as possible bhealth effects to gan frem
radicruclides which may be releazed im the oeep sea arcé tremspcrtec to
the ocean surface. Current biclogical investigations are atteapting to
detezmine benthic community structure; benthic sommunity metzbelism; the
biology of deep~sea mcbile scavengers; the fiunal ccompesition of
migwater rektcn; rates cof .ucrcbial processes; ané the radiation
sensitivity of deep-sea organiems. Eaisting models of the disperzzi of
redionuclices in the ceep sez Live not censidered many cf the pessikble
biclogical mechanisms which may intluence the movement cf zacionuclices,
Therefore, a rulti-ccrpartment foocweb morel is being ceveleped which
consicers both biological anhd physical influences on  radionuclice
transpart.  This model will allow paranetric stucies to te nades of the
impact on the ocean envircrment anc on man of potential rejeeses of

zodiornuclices.
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Biological li-uicltlau of the Subesabed Disposal
of Nigh-level Nuclear Waste

Introduction
The ultimate cirpomal of high-level nuclear wastes is one of the

peime conoerns in deciding whether or not nuclesr power should be relied
UPCN a5 2 major energy source. At present seweral land dispoeal options
are being imvestigated by the U.S. Department of Energy (DOE) @cElroy
and Burns, 1979). In additicn, a program was bequn in 1973 by the [QE
(then the Atomic Energy miuion) to assess the feasibility of usirg
geclogic farmations beneath the world coceans for the disposal of
appecpriately packaged and sclicifieé high-level rmuclear wastes. The
U.S. Subseabed Dispoeal Program (SCP) is currently concucting research
in the areas of site selection, multiple barrier icentification,
canister eaplacement techniques, high-level nuclear waste
transpxteticn, socio-political aspects, risk/safety analyses,
economics, and envirommental impact. The subseabed biclogy procram,
which is to contribute to envirormental inpact evaluvation, is chargec
with assessing possible ecceystem effects and human health effects fram
radionuclides which may be released in the deep sea and transported
through the water column to the ocean surface.

In order to evaluate the feasibility of subseabed nuclear uaste
disposal, it is nnceuuy o corsider the results of leakage or
accidental failure to esplace the miclear waste canister within the
Geep-sea sediments. Aocidental hluu is possible fcr any nuclear
waste disposal cption, and the risks associated with each cption must be
evaliated so that comperisons among options can be made. Therefcre, it
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is mcemsary to bte sble to understand the migration of escaped
radiomclides fram the canister esplacesent site within the sediments
{or possibly elsevhere for varjous accidents) through the seciments,
sster column and ecosystem to men. Only in this way can the
envirormental impact of subssabed muclesr waste disposal be
quantitatively evaluated.

Present studies focus on the abyssal hill regions of the Geep asea
floozs in the middle ot tectonic plates and under therrajoé surface
current gyres. Anderson (1979)discusses the characteristics used to
select generic study sites.

Marine Trophic Structure

The marine biarass of the world oceans has been estimated at 10
billion tons (enzies et al., 1973). Over half of this (6.7 billion
tons) can be assigned to the benthos. About 5.5 billion tons is
distributed in the shoal waters of the continental shelves, and only 56
million tons remain on the abycsal sea floor at depths greater than
3000 meters. Thus, these depths generally have a lew bicmass conmparable
to that of terrestrial deserts. Nevertheless, representatives of many
of the groups of organisms which are comonly found in shallow seas are
also focund in the Geep sea (Hessler, 1974). Figure 1 is a sizplified
spatial frame of reference for the ocean with same representative marine
organisms,

If the deep sea is defined as starting at a depth of 1000 meters, it
represents about three quarters of the bicephere (Janhasch, 1978). In
the deep sea there is no ligrg (other than bicluminescence) and the



texperature is a few degrees above 3ero degrees Celsjus. Bydrostatic
pressure increases by about one atmosphere with every 10 meters of
depth. Por all ocganisms in the deep sea mutriticnsbecomes a most
important problem.

Primary production in the euphotic region (the upper 200 meters) of
the ocean is a principal source of food (the most limiting rescurce) for
deep~sea benthic cammunities (Laytcn and Hessler, 1972). In the waters
of the central gyres such primary production is low (Hessler and Jumars,
1977). Furthermore, nutrients from land runoff are insignificant
because the mid-gyres are remote fram land, and because of prevailing
o.ceanic currents. Great water depth cambines with these other factors
to maintain a lower nutricnt supply to the deep ocean bottam than at any
other place in the ccean (Hessler and Jumarg, 1977). As a result, high
species diversity and low standing crop are characteristics of deep-sea
faunas (Sanders and Hessler, 1968).

At present, the rates at which essential nutrients are recycled in
the benthos are largely unknown, as are the rztes of growth, metabolism,
and reproduction of deep-sea organisms (Jannasch, 1978). There are also
few data available on population densities, food webs or vertical and
horizontal migrations with which to evaluate radionuclide uptake,
accwmulation, and transport throvgh the deep-sea ecosystem. Because
deep benthic communities are the first that would be eaposed to released
radionuclides, much of the research in the subseabed biclogy program has
focused on Geep-sea ecalogy. -

The influence of biclogical patlways on the potential transport of
radiawclides from the geep-sea vpediments to the ocean surface is of



prime importance (Bessler and Jumars, 1979). The infauna in a benthic
comunity could mediate radioruclice transport by moving seciment and by
moving pore water in and cut of the sediments. Roving megafauna may
also contribute to bicturbation. RadionucliGes that would ctherwise
remain sorbed cn ceep-sea seciments may then be transportec by currerts
to areas of low radgiomuxclide concentraticn. Feeding and eacretion can
transfer radicnuclices through the seas. Since 'ccprophagy, the
ingestion of feces, is an important rutriticral source in a wide range
of marine arimals (Frankenberg aré Smith, 1967), it may be an inpertart
factor in the transfer of radioruclices thet have been brcught into
surface waters. Some benthic invertebrates have pelagic eges cr larvce
that may dJisperse hcrizentally. This mode of reprecuctior, vhich is a
usual breeding pattern emong shallow water marine oammunities (Menzies
et al., 1573) may oontribute to radionuclice tramspert. Vertical
migrations in the water column may range fram a ciel pattern over
hundreds of meters (Lenchurst, 1976) to the cntogenetic migrations of
rattail fish that can eatend a few thousard meters up froum the bottom
(Merrett, 1978). Marine manmals and birds may also transport
racionuclides by their arnual horizontal migrations cf thcusands of
miles. Many species of fish of camercial interest to man have dramatic
anadrancus migrations. Same cammercial fish reproduce with pelagic eggs
which may be transported horizontally for many miles (Russell, 1976).
These ané other biological intergctions are inflvenced by an assortment
of physical processes such as wind-ériven currents, eddies, upwellings
and thermohaline circulaztion. All are potentially important in

radionuclide transport.



Noclide Migration diodel Develcmoent

Enisting models of the dispersal of radionuclides in the deep sea
have not considered many of the possible biological mechanisms which may
infivence the mve;zent of such radiomuclides. Therefore, a
multi-conpartment model is being developed that considers both
biclogical and physical influences on racicruclice transport. This
model will allcw parametric studies to be made of the impact on the
environment and on man of potential releases of radicnuclides into the
sea. ‘This paper will concentrate cn the bkiolcgical influences of
foodweb model development with minimal corsideration c¢f the physical
influences.

The nuclide migraticn mocel is directed towards anrswering two
questions. What is the effect of radicruclides which mzy be released in

A ’the deep sez upen the marire ervirorment, ané what is the effect of such

a release upon man? ‘These questions recuire an ability to predict the

N levels of radicuctivity in the marine biota and the ultimate radiation
dose to man.

The present model (Fig. 2) is mace up of several nodules: near-field
transport with heat effects, far-field transport through the sediments,
svater cobmn and biological transport, human dosimetry, affected human
populations and human health effects.

'I‘henarim'ec'osystem has been compartmentalized after a scheme
reported by Wishﬁet (1977) for-the SDP biclogy program. A compartment
represents a functional grouping of many species in the biota. The
species within a oonpartment ace assﬁmed to behave similarly in their
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relationships with the envirome'nt: as well as in the ways they may
transport radionuclides. Group bounds on the standing crop and
metabolic rates may then be assigned to each carpartment by considering
characteristics of the group. The benthic bouncary layer model(s)
eatends fram the lower limit of biological activity in the sediments
throwgh the lower 20-50 meters of the water column, Above the benthic
boundary layer are,cre or nore midwater models. The upper part cf the
water ocolumn (euphotic ecne) is represented by another model. These
models are shown schematically in Fig. 3.

Transport between biological compactments and physical ccampartments
is complea. Radicnuclices may be transported by precator-prey
interacticrs, eacretion, mortality, adsorption, migration, reproduction
and molting. In additicn, sediments (organic arc inorganic) and
particulate materials may be consumed. Radicnuclices may also be tzkern
up directly from the water column and fram interstitial water. Varicus
transport mechanisms must be consicered, such as,
association-dissociation in the sedirents amrd water column,
ercsion-cedimentation, wertical and horizontal water dispersion,
bicturbation, horizental migration of benthic megafauna, vertical
migration of midwater organisms, and the dispersion of host particulate
matter. These forms of radioruclide transports, which are depicted as
arrows between the boses in Fig. 3, are being or will be carefully
eaamined.

In order to cevelop a :ealis;:ic data base with which to eaercise the
model, deep ané shallow-water biolcgical cata have been compiled from
the literature. In addition, algorithms for computing transfer rates



between conpartments have been developed (Jackson, 1979).

The compilation of model input data is described very briefly below.
a) Mass Pensity Parameters: )

Mass density is defined in the model as kilograms wet weight mass
per square ot cubic meter of sediment-water interface or water volume,
respectively. The mass density of organisms ibit-:rass) is campiled from
the 1literature in several forms: direct biamass determinations, direct
camts of organisms with an estimate of mean individual weight, direct
measurement of a biochemical parameter (pigments, adenosine
triphosphate, etc.) ocupled with appropriate conversion factors, and
indirect estimate of the bicmass depsity in cne compartment baseé on a
direct nﬁasurement of density in another, e.g., in ore study "the mass
of herbivorous and omivorous zooplankton is approaimately 40% of the
phytoplankton standing crcp® (Mullin and Bvans, 1974). Mass densities
for ebictic compartments are taken from reported measurements of
suspended particulates, sediment densities, etc.

b) Transport Parameters:

Transport of radicnuclide-carrying material between compartments is
described by uptake times and transfer rates for transports involving
biotic and abioctic receiver coampartments, respectively. A receiver
capartment is a state variable or campariment into which erergy or,
matter is added, while a domor oompartmeént is a state variable or
compartment fram which energy or matter is removed (Forrester, 1968).
Uptake times are defined in the model as the time required, in years,
for =2 given biotic receiver oonpartment to take up the

fraction @ (& =0,50) of its bicmass fram a given biotic or abiotic donor



conpartment. Transfer rates are dascribed in terms of physical
parameters such as distribution coefficients, erodibility .onstants,
particulate fall welocities, critical shear for deposition or erccicn,
probabilities of an ercsicnal or depositional event, characteristic
lengths, and diffusivities.

Future modification of the model will focus on improving estimates
of possible doses to man as well as possible erviromentzl effects of
radionuclides in the deep sea. The mocdel will evolve through careful
parameter study to its simplest possible form, aud.all assumptions will
be made oconservatively with respect to a particular envirormental effect
or dose to man. Modifications will be evaltateé according to their
significance with respect to the estimation of envircrmental effects and
dose to man.

This initial v:rsion of the SDP biotransport nodel can be vieweé as
an ecosystem pump designed eapressly for moving racdicnuclicdes from
sediment, through the water column and marine biota to man. Operation
of this pmp is governed by our assutptions regarding modes of
radionuclide uptake and transport in the marine ecosystem.

Enisting human dosimetric codes will be used to calculate human
eaposure fram released radionuclides from the Jeep sea. Fisheries
consumption data are being ccmpiled to interface with the internal
dosimetry model(s) in order to calculate dose to man.




SDP Biology Program
1) Benthic Biclogical Studies

The SDP biolcgy program is in the process of characterizing the
fauna present in and on the sediment in the central North Pacific gyre,
including the micccbiota, meiofauna, macrofauna ané  abysscpelagic
st-:avengers (hessler and Jumars, 1974; Kessler ar¢ Jumars, 1977; Burrett,
1977; Hessler et 2l., 1978). ‘1These studies are focusing on the
potential of these varicus biotic oamponents " to disperse or to
concentrate any leaked radicactive wastes.

A characterization of the distributich and dcensity of the
macro-infauna is fairly cﬁrplete, but relatively little is known cf the
meiofauna and even less about the micrcbicta. 1These are inpertant
" because they are the most sbundant portions of the infaunz ané are at
the base of the food web.

Of the mobile scavergers present focus has been placed on amphipods,
since they are a large comporent of the zbyssal benthic community and
are highly mcbile cosmopolitan orgaiisms. Aspects cf their generalizec¢
life-style suggest that they may be wery important in potential
mebilization of radicruclides. They appear to feed on the bottom which
could allow diréct incorporation of radionuclides present in the
sediuents, and their mobility allows direct biological transport.
Because amphipods live in the.water colunn, their waste products are
especially susceptible tc physical tramsport. Thus they may constitute
an important early step in a patt-may leading ultimately to man. )

Tc date the inacoessibility of the deep ocean envirorment and the

associated pressure and temperature constraints have permitted only a
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limited glimpse into the functional aspects of this ecosystem. An
instrument, a free vehicle grab respircmeter (FVGR), las been designed
and built to elucidate the in situ activity rates of the benthic
conmunity including oaygen uptake and nutrient eachange‘ (Sith, et al.,
1979a). Total oaygen uptake and nutrient eachange have been measured in
situ in the eastern Morth Pacific at two stations. Both stations
underlie the eutrophic California Current system. There was no
significant difference in total caygen uptake between stations, but the
values were significantly higher than previous measurements made at
conperable  depths fram the more aligetrophic northwest Atlantic (Smith,
1978;.

The FWGR will also be used to conduct in situ eaperiments on the
effects and fate of injected low-level .adiolabelled ocmpounds on
transfer rates in the deep~-sea benthic community. The dJata obtained
from these eaperiments will be of great value in improving the data base
for the SDP foodweb model. '

Since microorganisms are ubiguitcus in ocean water, they offer ideal
eaperirental pessibilities for studying many of the biological phencrena
of interest to the subseabed program under the special deep-sea

conditiong of eatreme food limitation, high pressure and 1low
1

temperature.
The need for a greater understanding ot microbiological processes in

the deep sea is widely recognized. For esampie, can microbiclogical
activities affect (xdversely or favorably) the canister, the waste form
or the sediment-radionuclide interacticns at planned emplacement depths

(30 to 100 meters into the sediments)?
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A subutantial effort has been devoted to evaluating the use of the
MF i{adenosine triphosphate) method' for assessing the microbial
campesition of deep-sea sedinents. An important rec;nt £inding has been
that the physiological state of ceep-sea .bacteria is a significant
Seterminant of their ATP cantent, which can be increase¢ up to thirty
times that nommally present by placing the cell at a hydrostatic
pressure which is inhibitory to ite growth (Yayanos, 1975). 1his means
that the ATP content of a deep-‘sea sarple may overestimate the nunber of
cells capable of functioning at the cepth of th% sample. Ve have shown
that the inrhibition of cell division by both eacessively low as vell as
eacessively high pressures leads to the accumulation of ATP,

Microscepic techniques are presently inadeguate for deterrining
microbial stancirg stock in the marine envirorment because of their
inability to cistinguish live fram dead bacteria. Autcrediographic and
fluorescent lébeling techniques have been useC by many laboratories to
overcone this difficulty. ﬁe are using image analysis instrumentation
to develcp these flucrescent and autcradiographic techniques, and are
using the techniques to stucy large numbers of spatially and temporally
collected micrcbial samples.

In addition to the indirect methods of microbial detection discussed
above, technigues for the cultivation of deep-sea micrcbes are being
eaplored. Several Geep-sea micrcbes have been successfully isolated
(Dietz and Yayanoé, 1978; Yayanos, Lietz and Van Boatel, 1979). One of
the many isclates (designated CNPT-3, origimating in the central North
Pacific Ocean) is being studied to determine which of the many

cultivation variables are significant. Cultivation at atmospheric
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pressure has been avoiéed to eliminate or recuce the charce eof”

contamination with shallow water micrcbes which continuously enter the
deep sea.

Speres of bacteria that grow at high teniperatures {thermcphiles)
have been found in deep-sea sea‘_inents (Bartholemew and Paik, 1966). The
ability of these spores to germinate in the ‘presence of heat from
emplaced high-level nuclear' waste canisteﬁ showld be determined.
Evidence to date from the bacterium CNPT-3 and a few other isolates
suggests that the deep-sea microbial pcpulaticn.will stop functioning
above 15°C at 580 bars, inGicating that in the 100°C regions surrcunding
nuclear waste canisters, only spores of thermophilic bacteria cculd be
viable.

2) Water Column Stidies

According to Smith et al., (197%a) the cpen ocean water column can
be viewed simplistically as a stack of _horiz'ontal layers, each inhabited
by a ciscrete faunal assemblage and bounded by the air-water and
sediment~water interfaces. This view is camplicated by the many aninals
that transcend these layers while undergoing vertical migrations
(diurnal, seascnal or ontogenetic). The upper layers of the ocean hav:
received the rrcstistudy because of their accessibility and the basic
premise that the whole water colunn ecosystem is driven by the food
energy fiaed in _'the surface waters by the autotrcphs.

Food energy eachange through the water colurn can be viewed as

either active or passive. The passive mode of nutrient transport

involves the sinking of particulate crganic matter controlled primarily

by gravitational forces (Wiebe et al., 197¢; Honjo, 1978). 1The active
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. mode of nutrient transport is the fius mediated by organism tramsport,

and has been equated to a ladder of plankton with overlapping
migrational depths.of various animals in a food web down to the abyssal
floor (Vinogradov, 1968). Evidence :.ists on the vertical migration of
mescpelagic animals justifying such a hypothesis, but the evidence for
active éachange in deeper waters, including the seciment-water
interface, is tenuous. . Benthopelagic fishes have been caught in
midwater (Haedrich, 1974; Pearcy, 1976; Merrett, 1978) giving crecence
to this eachange. All of the above work was performed with towed nets,
and the primary ecological interest was to estimate the cowrward flua of
saterial.

Recehitly a free vehicle midwater gill net and baited trap-hook array
(FMNT) has been eatensively used tO characterize the abyssopelagic
fauna (Smith et al., 1979b). Sampling of the abyssopelagic zome was
prompted by limited knowlecge of the deep midwater feauna and its

significance in the food erergy flew thrcugh the open ocean ecosystem.

Fish and amphipods which are widely regarded as benthic organisms have
been captured with the FMNT up to 730 meters above the abyssal sea
floor (Smith et al., 1979b). The presence of these "benthic" animals in
the abyssopelagic zone reinforces the idea that there eaists a mechanism
for actively traqéporting material upwards from the sea floor.

A giant conical =t (GCN) is currently being developed. The GQN,
which is 100 meters in diameter and 200 meters long, will be used to
help characterize the abyssopelagic fauna by capturing pelagic animals
that elude capture with' either smaller towed nets or with the FWNT

array.
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Estimates of the pcpulation density of deep-sea benthic organisms
have been made using techniques such as grabs, dredges, trawls and
camera surveys. However, the densities of the more mcbile abysscpelagic
animals cannot be accurately determined using these techniques. So, a
free vehicle for acnustically assessing abyssopelagic animal population
sizes and mobility rates is being developed. This acoustical array will
monitor for long periods of time (months) the movements of abyssopelagic
populations within a water column 1.9 kilcmeters in diameter by 100
meters high immediately above the abyssal sediment surface.

'I‘hese‘water column studies, as well as the benthic biological
studies Qill provie many of the éérameters that are reguired to

enercise the SDP foodweb radionuclide transport model.

3) Radiation Biology Studies

A. Marire Biota

Marine organisms have always been e;posed to radiation from natural
sources, and estimates of the absorbed dose rate frem natural backgreund
sources have been used to assess the biological significance of any cdose
rate inézement contributed by man's activities. Blaylock and Trabalka
(1978) have reviewed the effects of ionizing radiation on equatic
organisms; however, as far as we know, the radiosensitivity of any
deep~sea organism has not yet been determined. Until radiation
sensitivity studies can be performed on deep-sea organisms, the data
available on the radiosersitivity of ‘shallow-uate: organisms will be .
used in estimating any impacts of released radiaﬁclides on deep-sea
organisms. BAs part of the SoP Biology Program an eatensive bibliography
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'has been prepared on the effects of ionizing radiation on eguatic
! organisms (Schultz, 1980). i “

In an effort to acquire data on the radicsensitivity of deep-sea
c.‘tganisns, we plan to determine the radiation sensitivity of Geep-sea
bacteria which can now be cuitivated under decp~sea conditions in the
laboratory, and to determine the” radiation sensitivity of deep-sea

» anﬂaipbds, since these can also be recovered alive and muintained in the
laboratory under deep-sea conditions (Yayanos, 1978). These initial
radiation sensitivity studiés will be lethality eaperiments; however,

-additional endpoints will be used in later studies to investigate
‘tadiobiolpgical impact on ceep~sea organisms. Bacé and Alesander (1961)
show that radiosensitivity increases with increasing ocnpleaity in
1iving organisms. We will, therefore, campare the radicsensitivity of
déep—sea crganisms with that of similar shallow-water organisms, in
order to determine whether or not marine organisms which ocoupy
equivalent phylogenecic positions are equally radiosensitive or if there
are conditions peculiar to the deep sea which may modify (increase or
decrease) radiosensitivity. For eaanple, do the pelagic eggs of rattail
fishes become more or 1less radiosensitive because of the vertical

] mtogenetic mgratmn they undergo whlch eaposes them to,cg;:; of
sevetal hundred atmespheres and possibly to temperature changes if the

‘eggs_ penet:ate the themochm? This kind of information on

. radiosensitivity in the deep sea w111 -allow an estinate of the vahchty
of ua:lng the: data cbtained from shallow \ater stud1es to assess

tadicbiolcg:lcnl impact in the deep: sea. . R
Due to the lack .of'bmenvltomental data for many radionuclides in
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the marine envizoﬁnent, we hzve const.rucbed three *metabolic e_quivalenée»
chr-.aés" of radicniclides 4(plutn'nim class, su'.‘dntiun‘ class, esim‘
class) in order tomodel the radiclogical effects of radionuclides in
the high-level ;nuclear waste inventory which may be impor tant
contributors to the radiation dose to man and to the enviroment. The
asigmﬁnt of a radionuclide to a specific class is ‘based upon  human
dosimetric - considerations. The plutonium class coensists of
bone~geeking, alpha-emitting radionuclices whose Masimum Permissible
Body Burdens (MPEBS) are less than one microcurie. The strontium class
oonsists of beta- or genma-emitting, bone-seeking radionuclices y_ith
MPEBs greater than one microcurie. The cesium class consists of héta-
or‘ gamma-emitting nuclides which jare "soft-tissve” seekers. ‘The MmEs
for radionuclides in this class are greater thén ten microcurigs.

We are well ahé;e that any grouping of a large nﬁiber of
radicnuclides into three setsbolic equivalence classes is subject to
error because of the wide range of chemical characteristics of those
nuclides. Therefore, since we are concerned with radiation effects we

239, 90

have assumed that since each class contains a radionuclide ( Sr, .

137 Cs) for which significant bicenvirormental éata are available, these
nuclides can be used to model the other nuclides of the class. Also,
since the radicbic;logical effects of the prinéipal ’r;dionuclide of each
class ‘are better known than the radiobiological effects of other members
of eacli class, we felt we could, in general, conservatlvely mocdel the
radiobjologicel effects of each class of radiomuclides by using the Gata
available for the principal nuclide of each class. This scheme will be

" revised as more cata become available. ’ e LS
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Ultimately a determination of the effects of released radionuclides
on a deep-sea commmity may require an in situ radicbiology esperiment.

B. Man

The basic respcnsibility for providing guidance in matters 6f htman
radiatim safety has been assumed by the International Commission on
Fadiclogical Protection (ICRP), which was estsblished as the
Intecnational X-ray and Radium Protection Conmission in 1928.

For the purpose of setting masimum aliowable eaposure limits, the
most sensitive radiation induced change ﬁas assumed to be genetic
damage. It was further assumed that there is no threshold dose for this
effect, that the dose-response curve is linear dovn to zero dese and
that the effect is independent of dose> rate, that is, only the total
dose is‘ of biolngical significance. Since this means that every
increment of dose increases the likelihcod of an acverse effect, and
because the benefits to man of the uée of nuclear energy are many, the
problem is to limit eaposure to a level that reswits in an ecceptable
risk to the individual ard to the populatiin. On the basis of this
"acceptable risk concept”, the ICRP (1959) defined the masimm
perinissible dose for an individual as "That dose, accumulated over a
long period of time or resulting frem a single esposure which, in the
light of present knowledge, carries a negligible probability ci severe

 somatic or genetic injuries; furthermore, it is such_ a dose that any

effects that ensve more freqmnuy are limited to those of a minor

nature that would not be considered unacaptab]e by the ~ eaposed
» indwidunl and by competent medical authorities®. 'I‘he ICRP (1977) later
. determined that the absorbed dose is Insufficient by itself to allow the
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‘prediction of either the severity or the probability of delete_tidtcxs

effects on health resulting from irradiation under @specified_
conditions. Therefore, they introduced a quantity called "dose "

equivalent” that correlates better with the more . important deleterious
effects of eaposure to radiaticn, especially with the celayed stochastic
effects. Dose equivalent is the absorbed cose weighted by specific

modifying factors as defined by the ICRP (1977). Although upper

esposure limits have keca reconmended, the basic phiio'sophy of radiation
protection, which is being followed by the Subseabed Cisposal Program,
is to keep eaposure as low as practicable.

as indicateé in the section on Model Development, eaisting human
dosimetric codes coupled with the foodweb trafisport model will be used
to calculate human espcsure from released radiomuclides frav the deep

sea.
Final Comrents

The task of the SDP biological research program is to provide an

adequate long-term cata base to assess the envirommental feasibility of .

a program to emplace appropriately packaged nuclear waste in deep-sea
sedinents. Should subseabed emplacement become a reality leng=term
biological monitoring by sampling key marine species as indicators ‘of

radionuclide migration will be necessary.

Since the disposal of nucléar waste is an international concer-n,,

cocperation among marine b.iolbgists of many nations is being encouraged.
International cooperation is needed since no single nation should be

eapected to perform all- of the required long-temm research. -
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- Nevertheless, we believe that the tasks®of - the SOP Biology Program,
ﬂ‘ ﬁﬁm'id'atile,' can’ be accomplished at an acceptable cost over the

&
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pefinitions of Conpartments in Foodweb Model

ABAC: Autotrophic Bacteria found in the bioturbation zone.
A: Atmosphere

DET 32 Suspgnded Particulates. Suspenéed labile and refractory
organic-inorganic conpleaes (of all sizes) and associated bacteria
and micrabicta in the first cepth interval, autotrcphic bacteria.

DET: Suspenced particulates in the nth cdepth intervai.

EPI: Epibenthic Fauna. Carnivores arnd deposit-feeding animals living on
or rear the bottam, but never traveling iar fram the sediment-vater
interface.

HBAC: Heterotrophic Bacteria and associated detritus found in the
bioturbation zone.

INF: Eukaryotic Benthic Infauna., Deposit feeding (sometimes suspension
feeding) and carnivorous animals living beneath the seciment-water
interface.

Interstitial Water. Water and Gissolved constituents beneath the
sediment-water interface.

2

Solid Matria. Labile and refractory organic—inorgénic carpleaes
and associated bheterotrophic bacteria ané micrcbiota, autotrcphic
bacteria.

;

PART: Sclid Inorganic Particulates. The remaining solid matria in the
bioturbation zone.

PEL): Pelagic Fauna. Zcoplankton and nekton in the first depth
interval.

PEL : Pelagic fauna in the nth depth interval.

PP: Primary Producers. Phytoplankton confined to the upper 200 meters
of the water column (euphotic zone).

SED: Sediment Particulates, bulk sediment material including
interstitial waters found within the bioturbation zone.

WAT: Water and dissolved constituents in the first depth interval
(above the sediment-water interface).

WAT,: Water and dissolved constituents in the nthchpth interval.
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