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RESUMO:

CSMP & usado para slmular o prlmELIO estaglo da clne

tlca de um . radlonuclldeo numa cadela alxmentar. Como:‘llustragao
fo1 usado o modelo exponenc1a1 de acumulacao de:aguefpara algas
baseado em dados. encontrados na llteratura. 0 uso da modelagem
‘computaclonal como um - 1nstrunento para estudos amblentals ‘& dis-

cutido em *ermos das vantagens economlcas e futuras apllcacoes.“

'PALAVRAS ChAVE.

'-acumulacao de radlonuclldeos, blota aquatlca, metodo~'

logla de modelagem, modelagem computac1onal clnetlca;forganlza;%_

gao de grupos de pesqulsa. L

'§BSTRAC1:
v Contlnuous bystem Modelllnb Program (CSMP) 1s used to
'simulate the fxrst step. of the Klne11c of a radlenucllde ”inF";ae
food chain by u51ng the exponent1a1 model of accumulatlon from"
:_water to~algae based on data found 1n the 11terature. The use
'of computer moddellng as a tool for env1ronmenta1 studles ’f 1sf
d1scussed as far as economlcal advantages and future appllcatlons

S

are concerned

KEY WORDS: BRI '7'VV
Aquatlc blota, computer klnetlc modelllng, ContlﬂuOUb
slmulatlon, modellxng methodology, radlonucllde accumulatlon, re

~search team organlzatlon.-
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.INTRODUCTION

v There 13 an 1ncr9351ng motlvatlon to: study the env1ron
‘ﬁe telulmpact of ‘nuclear power. programs.» anlronmental moder
Whlch describe the pathways of radzonuolxdes Lntroduoed in - the

‘ bmosphere, from source to biological entlties, start ro..u_b?ing
vw1de1y used. Compartment models with rates of transfer _eithet

constants or as. functions of time are usually employed.

M’The flrst order klnetlcs of transference. of rad1onuc11de in ;zae
food chaln may be ‘represented by d1fferentlal equatlons analogous E
to those descr1b1ng the radioactive decay ser1es.» It 1s well
known that the 1n1t1a1 part of a radloactlve decay serles L 1s
represented schemat;cally as folluws.-r see, for example, Evans (1) -

; e |
. R —Al» Rz_ﬁ_w R3’

;"where Rl’ Rz,‘and R3 are the first radlonuclldes of the serles'V‘

‘and A 1 and‘lz ‘respect1ve1y.‘

Relchle et al. (3) men

'¢The present work 18 a 31mple appllcatlon of a modlfled . ver81on ]t
‘ of ithe . flrst step of Eberhard's ‘model, represented as follows.;,

where Ys P’ and‘YA are concentratLons of 2 radmonucllde, respec~'
tiVely,“
plant (for exatiple, phytoplanktoh), and one compsttment anlmal,

B 'is the loss rate of the radionuclide in the source, C - Y, /Y
the transfer coeff:olent of the radlonucllde from the source to

in the source (i.e., activi.y concentrat1on in water)

the plant (1.e., the concentration-or detoncentration-factor from
watermto~algae as a function of time); P is the loss rate of the
radmonuclzde in the plant (i.e,, the b1olog1ca1 decay o constant



of the radicnuclide from the plant te a one compartwent animal
(i.e., the concentration or de coun:vitration factor from algae-

to-one compartmeat animal).

The usual exponential model wuicu describes the concentration
factors, C(t) of radionuclides in wmarine orpanisms may be re-
presented as.

C(t) = C(=) (1 - e M),

where: C(®) is the concentration factor after the accumulation
process has reached a steady state; A is the characteristic coeffi
cient of ti+ release process, and t is the time after accumulation

started.

The use of this model implies the knowledge of the characteristic
coefficient, A, to fit the experinencal data, c(t), The usual
procedure to determine A is te undertake experiments to wmeasure
the rate of release of the radionuclide in questien. However,
this type of procedure is based upon :he assumption that the bio
logical mechanism of release. is of the same nature as that of
accumulation. Besides, when the accumulation rates are suspected
to be difr..:nt for short and 1onﬁ terms, it is necessary to
establish two different values ol A if the exponential model is

to be uc«d for short as well as long term experimental results.

Polikarpov et al. (4), based on a literature review of the abili
ties of various marine organisms to accumul ve radionuclides in
different regions of the world ocean;, pointed out that the
kinetics of accumulation of radiomuclides by marine organisms is
not necessarily of an exponential character. According to Loli-
karpov, the phenomenon of accumulation of radionuclides by
aquatic orgunisms may b better described by the generalized forms
of logarithmic and power functions anmong others. As a matter of
fact, short term (less than 200 hours) cxperiments performed
with zooplankton‘accumulating 226Ro under laboratory conditions
{Ref. 5). have shown tht,poth,‘lpgarithmic and power functioms,

¥,

can fit limited data taken during the accumulation period.
In any case, simulation can be a helpful tool to determine the
best function to describe the accumulation process of a radionu

clide by a particular species of marine organisms. Once ' a



functlon whlch descr1bes the proce es is estab11shed

extremely valuable 1nformat10n may be t_obtalned by \‘lnsertlng"

2 v-"THE USE OF COMPUTER MODLLLINb AS AN INSTRUMENT OT REbhARCH

The ‘use of computer modelllng is h1gh1y recommended

veast three c1rcumstances.

,When"experlments w1th the real systems can nelther ‘be - done

'dlrect]y nor. .be reproduced under 1aboratory condltlona,_

b)vwhen it is economlcally 1eas expensxve to’ manlpulate a model

.rather than carry out an experiment thh the real system, andr--

c).when one wants to test dlfferent hypotheses about a. certaln

experlment o

'In the spec1f1c case of radlonucllde accumulat1on 1n marlne orgafv
nlsms the 1ast two c1rcumatances are important factors that recom:
mend the use of: modelllng for research 1n the fleld Nevertheless
the flrst c1rcumstance also plays a minor role sxnce 1t 1s not
,always p0551b1e to carry out experlments with such systems e;and»

whenblt lS possible this is in general an: expen51ve exercxse.‘__

In plannlng one such research prOJeqt in a tradltloﬂal manner one'
would have a hlerarhhy of activities sucl as the one shown 1n Flg 1

(Next page)
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. Fig. 1. Levelsof hierarchy of activitie§'£o:_a research

progect.

_Iﬁfrig. 1 the nodes represent the actxvx:xes and the edges repre'

sent precedence relations. Clearly the "data sampllng act1v1ty
is a necessity 1n‘pxogects where "data gollep:;on is 1mportant. 
However, in order to reduqevdosts it'is poSsible (in some cases)
to‘replécelgggl."datavsampling" by a simulation exercise and’ 1n7
this ménnef guide‘the "data'colleccxon act1v1ty ‘and part1a11Y

sub51d1ze it by savxhg through slmulatxon. ‘ S

Amangst the many tools that exist nowadays to aad computer_ ﬁ&déﬂ

111ng as a research instrumeﬁC, one of the most important in the“
fléld of contlnuOus dLgxtal simulation ig IBM's CSMP (Contxnupus_

'Systems Modellxng Program) (Refs. 6 to 9).



-5~
CSMP ls a dlgxtal ‘simulator devised to model contlnuous system
by comblnlng analogic functional blocks w1th logxc and algebralc“'
fac111t1es of FORTRAN IV. In tiis paper a CSMP package for the
IBM 370/165 was used as a tool to test the exponentlal model

. of accumulatlon of radlonuclldes in marlne organlsms based Som

’ daj

publlshed 1n the 11terature (Ref. 10)

' A number of integration methods are avallable 1n CSMP. ﬁThe..meﬁ'
thod chosen for use in the present work was the fourth ‘ order

Runge kutta with varlable lntegratlon 1nterva1 (See appendlx A)

1

'The smmulatlon exerc1se reported in th1s work 1s based upon a mo,

f.del descrlbed by the follow:ng dlfferentlal equatlon.l

B T N c
_~£ WY, = (Y
' where Y Y and u have the sime meaning ‘as in - the precedlng

s’ "p? :
sectxon, T = 1/Xk is the biological half 11fe of the rndlonucllde

(6000) for a particular species of marine organlsms,_and C s

fjglven by the usual exponent1a1 model mentloned earller.

Here it Ls 1mportant to observe that the loss of rate, B, deflned
: earller, can be’ con31dered neglibible for radlonuclldes h w;the
. 1ong half lives (e.g., 60Co, 5. 26 years) when compared ' *-the

accumulatlon t1me to reach a. steady state.

3 - RESULTS AND DISCUSSION
fPata taken from Nakanara et al. (10) on the 'conCenF

*tratlou of radloactlve cobalt by three specles of seaweed (brown

algae'~ Sargassum Thunbergxm and Laminaria Japonxca,:and .:red‘

_algee Ahnfeltla paradoxa) are summarlzed in TABLE Toe

TABLE 1 Data G h(w), T and u for Co- 60 in seaweed taken from ]’_
' Nakahara et a1. (10) ; a - il

-8 Thunberg{i 'e .Lamlnarla' o

c(s)”‘ 2.6 x 10? o luhx 10
T(day) s D
_ i

u(day Ly o le.3x 10“2 208 x 1077
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‘vThe results of 51mu1at10n for Y (1n cpm/g), for a’ txme range

;;between zero and 200 days, based upon the data presented in: TA*

SSBLE 1 and the dlfferentlal equatlon wrlten 1n the precedinb sec

:Ftlon are presented in Flé. 2.

TFFrOm the results shown in Fig. 2 one can observe that accordlng
v,to the exponent1a1 model used for the 51mu1at10n 95% of f? °-the
i 60 Do

: steady state concentratlon of Cc¢ in the algae Lamlnarxa,

“Ahnfeltia, and- 8. Thunberyll are reached. reSpectxvely at 122 93”

fﬂand 43 days after accumulatlon started. »Such results are entlre
1y consxstent w1th the short term (max1mum twenty days) accumula o
1ct10n experlments rcported by Nakahara et: al. (10) o

;wThus,‘laboratory experlments to study the concentratlons of Co

“hln those .species of algae should be extended to tlme “ranges ne1~

< ther much longer, nor much shorter than the times found to be
"neceSSary, by using the exponential model to accumulate 95%
6 .

of the steady state concentration of Oco in the organlsms. aOn

the other hand, an optlmlzatlon of those flndlngs can be achleved

by trying models and by using more experlmental data.'
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saving Through Simulation

‘In performlng data acqulbltlon for a étudylof radipnqclide_acdumg
-1at10n in marine organlsms one needbvat»least thef,, following
equlpment. sporting or flshllb boat (fuel‘lmainteﬁance), sam-
,pllng material, storage fac111t1es (tanks, freezers, eﬁc.)y‘ and

'detectlon systems (y and a spectrometers)

In most case the leabe/hlre cost of equipment isiapproxima;ely
the same ‘in "data sampllng and"data collectlon” activities..
The personnel cost may be reduced in “data Samp11n° activities
but not substantially. In TABLE 2 we show mlnlmum estimated
costs 1or "data collectlon and “data sampling’ 1n US$ per week

accordlng to Quintella (11)

TABLE 2 Estimated costs in Uo&/week )rlces of May 1976 -in

,Greater Rio area
with rate of exchange US$ 1. 00 Cr 10,0)

”Data collectlon ‘Simulation

Number _ 10 ‘ _ 3
Personnel Cost (US$) 1200.00 . 300.00
Equipment . 800.00° (10x)10.00

Such results allow as a conclusion that in a research institution
that already has ‘access to a computer system it is possible  to
make substantial savings by the use of computer simulation = in

projects in which "data collection” is an 1mportant phase.

Structuring a Research Team that Uses Modelling as an Instrument

The substance of computer simulation is the indirect study of - a
ptocess U by investigating a computation process ¥' similar to P
and such that P' models P. One of the many problems here is:how
to program the process P' and verify its similarity.to»P. Win-~
kowslky (12} and Klir (13) propose theoretical solutions to such
problems, In practical terms omne important'resulf of ‘their theo

ry ig that the unv1runmental scientistcs tmust have a relxable

and ea5111 accessible experimental data bank.(EDL) 1n3order to

validate computer models and check their correctness,

Consequently, the use of computer wodelling to supplement - . or
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replace "data samplxng ‘requires:

a) easy access to a computer system wrth approprlate rellable sofj

tware,’and v
b) the exlstence of a scientific team composed at 1east of an

"EDB -administrator and a systems modelist to aid the env1ronmen

tal scientist (the systems anallst) in:-his work.na

FutdreﬁAoplications

-~ Much research is Stlll necefsary until a comprehen51ve computer
':.kxnetlc model of" radlonucllde accumulatlon in marlne organlsms o
can: flnally be developed.~'As the amount of ecologxcal : data

blncreases, env1ronmental predlctlve models should be developed

to. assess the rad10ecolog1cal‘~onsequences of the 1mpact of ‘nu -

o clear power programs for time~.ntervals well beyond thev 'tlmeef

:'range of an- actual experlment. A simple model source “tor plant
fls nothlng but the very first step in the development -of 'a .more:
j'fcomplex model much needed co descrlbe comprehen51vely the accumuf

"1atlon of radlonuclldes by marine organlsms.

Pre'operational surverys in the vicinity of nuclear installations~
:Tshould enable a research team, as suggested earller,to analyze ;_‘
"ﬂmodel and mon1tor the future behaviour ' of the radlonuclldes to' Ry
?be lnvorporated ‘into the ecosystems surroundlng nuclear 1nsta11a f'

'°t10ns. Unfortunately, ecologlcal 1nformat10n gathered in ".*one'l

'l.[.place may not be appllcable in other places.v However, much w111

be ‘added to the experience with the consequences of rad10act1v1ty‘
f‘release from the nuclear power 1ndustry, 1f computer modelllng

of‘radionuclide accumulation becomes generally used.
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APPENDIX.

‘Integratlon Method

ffCSMP prov1des several methods of 1ntegrat10n.

ol.'FiXeduinterval methods:
' ’iltat% ADAMS (second order)

C1.b o=
“l.c - SIMP (Simpson's rule)
1.4 -~ TRAPZ (trapezoidal)

fglgov ‘RECT (rectangular—Euler)

fiZ?gVarlable 1nterva1 methods.

timate the error)

'RKSFX (fourth order Runge-Kuttaibf

'th va - RKS; (fourth order Runge Kutta and Slmpson s rule ybo;gi

;~2 b - MILNE (flfth order, predictor oorrectof)kvff

“In the present research RKS method was used throughout with a~;»»

'ttlsfactory results. The package also
fgof\accepﬁing methods developed by the

e ) .
_-sults are not obtained with eitier of

oo in the_CSMP, the RKS method computers

theteuntion

A

Y-'t'*'At = 'Yt + %._ (kl +‘, 2k2 +
~where: .k, = At *‘fﬁt’&t)
Tk, = At K E(r o+ AL, X 4 k1)
_ == Tt 5
k., = At % £(t + At, Y '+ k2)-

Kk, = At ® f(t + At, Y. + k

provides the flex1b111ty

user when'’ sat;siactory re=.

the methods providéd.f
thé'integral_bmieons-ijof\

2ky * ky)s



=Ly

; o 1o y
t+At compt ted by ;meson s rule, a

where i~ is the term Y
the absolute error and r is the relative error.



