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ARSTRACT

This wort doescribes the investigation carried cut ints the
uptake and retention, birological elimination and the tissue
gistribution of 137¢x by some fresh water fishes 1n  Bangladesh.
hecsuse of its high fission yei1ld and potential bazard to iusm &
bexno, 1375 was chosen as the radienuclide ot interest. Bince
Singhi. Magur, kol and Goiel tishes are eaten by all classes of
people of Gangl adesh and bhecause gi their easy availability 1p
Zimest  every watar reserviour of the country, the experiments
wire  rarrired ont on these species ot fishes. The Fishes were
Foloatwed wnto bhe 13?&5 wpri ked water and the  accwmul ated 13?C5
activities 1n  the whole body of the Ffishes were measured
regularly by n=ing a HFGe detector coupled with & multichannel

Analyzer. Radigactivities 1n Singhi and Magur were measured for

wptn 21  days and those in Koi and Spiel were measured upto 7

days. In each case, gignificant accumuwl ation of 1d?CE was found.
——
The bicaccunulation Factor wWas ralculated fram this 1“ICS

activity 1n Fish tissue and the amount of 13 7¢q present in the
mid Br . These bicaccumulation dactDrs wWere plotted agaivst the
time om  a wmemilog papec. The curyes ttus ‘chtained foar every
spreiew  of  fishes indigate that the accumulation  of 137 g
initially increases rapidly with time +ollowed by mbre gradual

accumilation., A steady state voncentration could not be reached



at the end of the experiment. The uptalbe rates were  found to
depend on the sizr of the fish species and are also different for

different fish species-

Experiments on biological elimination of 137cs +rom ;ariuus
species of {ishes were also conduacted. Some fishes trom all the
species were released into 137pg spiked water Ffor a certain
pericd to accumul ate the IS?EE. Fisties were then removed from the
radioactive water and released into non-radicactive water. The
radioacltivities remaining 1n the fish body were mEas LU ed
reqularly and  from the data thus cobtained the effective half-
lives of lg?cm im Singhi, Magw and kol were found to be HE.60,
151.27 snd 217.04 days respectively. Tissue disfribution of *¥7Cs
for =all fish species was also determined. The total body of =&

13?55

fish was divided. into edible and non—e2dible parts. The
accumilated in edible parts was found to be B87.20, B83.03, 7&.60
and B83.%51 percent of iotal parts for Magur, Singhi, Koi and Sowiel

fishes respechivel v.

Vi
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CHAFTER 1

INTRODLUCTION

The artificial radionuclides due to fallowt from testings of
nuclear wWeapons, release of radicactive effluents from -nuclﬁar
reactors, production of radicisotopes, fuel $abr1tatiﬂp and
reprocesELng, nuclear accidents and other allied naclear
activities may constitute short-term as well &s long ferm/ risks
to population at large, particularly, in the vicinity aof the
nlace of coccurrence and ather parts of thé world  through the
atmospheric  transport  and  alsc through  Ehe consumptian  of
contaminated food stuffis) and inhalation of gaseous discharges
(1—-2}.

There may be & variety of short—lived and long-liwved radio-

L]

nuclides including +fission products like 18 0e,  15%cg, 1517,

70 (ar-Y), etc. and activated products like -~igr, ©°©
etc. which may nermally get entry into the human  body thrnuﬁh
famd chain amd via ohther pathways in the critical organis)
cauging internal radiation hazards., The fission products normally

20

receiving a considerable attention are 1572 and (Gr-Y} bhecause

of their high fission yields and long half~lives. The testings of

1:?E5 o be widely

nuclesr weapons in the stmoasphere have caused
distributed over the warld alomnyg with other fizsgion products 19—
i1). 1370 412 & fission prm&u:t rather Fhan a manufactuyred
1sotope. Some inorganic ceasium =alts are highly soluble and same
are esparingly soluble in water (1Z2). Moreover, this elemant  may
be compared with potassium because among the common elements  i1n

ar1mal body, potassium 1s most closely related to ceasium in

its metabolic behaviour (13). Doth ceasiwm  and  potassioum  are



xlkali metals. Absorption of both'from the diet 1s large,
approximately 100% (14}  and takes place through digestive tract
(1m-14&) and circulates fregly through the body althouah  CceEasium
has no known biologicsl function., Ceasium and potassium entei
body ecell where ceasium is more tenaciously retained (17-13) so
that the radiation dosec raceiéed by most aroans will be
comparable. Both elements are dEpBﬁit?d in Tthe soft tilissues
imuscle? of the body from which téey ére readily turned owvar wia
urinary  tract  and in varing degrees, depending on species and
. diet, wia excreta (14). Increasing of putazﬁium intake hazs only
#li1ght effect in decressing of ceasium body content (19-20). Thus
ceasium metabolism 18 beth similar ta, but Father imdependent of,
potassium metabolism (1%}, Having relatively high radiotoxicity,
13705 ias, therefore, a potential taﬁﬂe af genetic as well  as
somatic 1 jury.

It has been demonstrated that consumption  of aguatic
organt sms 10 the fresh water environment may represent a direct
route  to human population for 13?E5 {211, Since +fisheszs are Lhe
primary fresh water organisms commonly consumed by men, 1t is
prudent to estimate the biroaccumulation factors (BFsl far  the
different specims of fishes 1n order to account the radionuclide
tramsfer to men through food chain and to evaluate the safely
CconsEqQUERCEes, YiIS—a=vis, the Sntent;al hazards to populatiocn  at
large.

The BF is defined as the ratip of radionuclide concentration

in the organmism o tissue in question ta that in the water {22):

/BRI,

EF{R); = ER3



where, EBFIRY; = bioaccumalation factor of radionoaclide RBOo1n
organism or tissue 1,
LRI, = radionuclide concentraticn in Bg/gm fresh weinght  in

prgani=m or tissue 1 and

Lrl,, = radiopnuclide concentration in water, BEg/ml.

BF= are used to predict radionuecl:ide cancentrations in wholg
organisms  oF their bissues %rﬂm_the knowledge of radiconuelade
concemntration in water. EFs agé slﬁn v=ed to predick fthe
transient dynamics of radionuclide concentration in organlsms.
Therefores, ah understanding of variables that affeet BF is usoed
to calculate steady state and transient dyramics of radionuclide
concentration in agquatic orgarisms (Z5). In order to  determuineg
the BFs, the Hnm@ledge of uptake behaviopw of radionuclide in
fresh water fiches 1s, theretore, Eﬁaéntial.

Fish accumulates radionuclide from water gnd fram organisms
of the +food chain. Upen leéving & c&ntaminated area, however,
this fish eventually loose much of its radipactivity. The amount
Iost will actually depend upon the physical half-lives of
"specitic radionuclides and the capacity of fizh fio retain these
naclides uwnder wvarious erological as well as  environmental
conditions (24). Retentiom studies are needed to prrovide data for
assessment of crontamination and for predicticn of time regulred
tor +fish to be adequatelwy dec&ﬁ;amlnated. .

The organs of accumulabtion of Fadionoelide 10 Fiat must also
be considered in evaluating the potenbtial rislk of radicactivelwy

contaminated fish to man (24). Sowe radionuclides may accumulatpe

i @aoft tiszue amd some in hone. Feople live Lo est sofft tissus

.



of some fish cpecies and some times they like to eat bopth muscle
and-bane as in case of small fishes.

Many investigations have been carried out throughout the
world pertaining to accumulation and loss of radionuclides from
different species of both marine and fresh water fish., But 1in
Bangladesh no such investigations have probably been performed
although peaceful applications of nuclear energy are increasing
day by day in the country. In this connection, a study was

undertaken to document the EHFs, biological half-lives and tissue

"distributions of 13702 in the four species of fresh water
fishes, namely ‘Magur fClarius batrachuslty "Singhi’
{Heterupneusites fossiilisty “kol’  (Anabus testudineus) and

“tmiel’ (Channa striatust. These four species of fish can sUurvive
in all kinds of water and are widely distributed all owver
Bangladesh. These fishes are popularly consumed by the
BHangladeshies to a greater extent compared to cther fish speries
becawse, they are easily available in plenty inm ponds, paddy
fields, 1rrigation canals, sWamps, drains, §m311 rivers and other
natural and/or artificial water reserviours. They are rich in
Iprutein contents. These fish species have accessoery resplratory
organs to breath atmaspheric air. They can live for & laong time
aut of water or in water of very low ckygen rontent and can alﬁﬁ
1ive in brackish water. They feed On WOrms, insects, shrimps and
fiwh meal, etc. which are easily available and can be fed easily.
Thus these species aof fishez were well suited for the uptake and
retention studies of radionuclide in the context of existing

facilities and eguipment in the lahoratory.
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CHAPTER 2

BIOLOGICAL
~EFFECTS OF RADIATION




CHAFPTER 2

The interaction of ionizing radiation with the huﬁan Body,
arising from esternal sources or from internal contamination,
leads to biological effects which may later appear as  clinical
symptoms, The nature and severaity of these symptoms and the time
at which they appear depend on the amount of radiation absorbed
and the rate at which it is received. Radiation injuries can be
divided intoc twe classes, somatic effects 1n which the damage
appears in the irradiated person himself, anﬁ hereditary oaffects
which arise only in the offspring of the irradiated person as a

Fesult of radiation damage ko germ cells an the reproductive

organs.

The somatic effects Dflradiatinn

Eariy radiation effects:

The early radiation effects are those which pccur in the
period from a few hours upto & few weeks atter an acute exposure,
that is a large dose received over a f2w hours or less.  The
gffects are duse to major depletion of cell population in a number
of body orpans to cell-killing and the prevention or delay of

cell division.

The main effocts are attributable 1o hone MarYy oW,
gastrointestinal  or newraomuscular damage depending on the dose
Fetelved. fcute absorbed dose of about 1 gray (1Gy = 100 rad?)
glves rise to nausea and vomiting. Thieg is known as  radiation

sickness, and it ocours a few hours after exposure as a result of



damage to cells lining the intestine. Absorbed dose above about

two Gy can lead to death, probably 10 to 15 days after exposure.

There is no well defined threshold dose below which there is
no  risk of death due to acute doses, though below about 1.5 Oy
the risk of early death would be very low. Similarly, there 1s no
well defined point above which death is certain, but the I:hances
of surviving an acute dose of about 8 Gy would be very low. A
reasomable estimste can be made of the dose which wouid be lethal
for H0% of the exposed subjects within 30 days ot exposure. This

a0

15 called the LD”‘En and 15 thought to have a value of about I Gy

for man. For doses upto 10 Gy, death is usually due to  secondary
infecticrns because of depletions of the white blood cells  which
normally provide protection against infection. The range of doses
from T to 10 Gy is often called the region of infection death. I;
this range the chance of survival can be increased by mpecial
medical tréatmentﬁ ' whiéh include isnlating.the cubject " in a4
sterile {1.e., infection freel environment and giving bone marrow

transfusion to simulate.white bloold cell (WRC) production.

For dose above 1% Gy, survival time drops abruptly to”
between 3-5 days. It remains at about this Figure until ™ much
higher doses are reached. In this region the radiation dose
rauses depletion of the cells lining of the intestine. OGross
damage oceurs in the lining of the intestine, followed by severe

bacterial invasion. This 1s called the region of gastrointestinal

death.



4t  much higher dose=z, survival times Lecome progressivel ¥
sherter. There are very little human dala in this region but,
from guimal experiments, tle symptoms indicate cowme damage to the
central nurveus system; hence the region is calted the region of
central purvious syalem {CN8) death. However, it ia found that
death is not inatantanecus even in amimal irradiated with doses

in excess of BOO Gy,

Lats effecta:

1L hecams apparent 1n the early part of the twentieth
century Lhat groups of people sauch az radiclegists and thelr
patients, who were exposfed bto relatively Ligh levualo o
radiation, showed a bigher incidence ol certaln types of cancer
than groups not exposed to radlation. More recently,; detalled
studies of the population exposed to radiatlaon from atomle hombs,
of palients expused to radiation thevapy, and of occupationally
gxpoaesd persans, partlcularly, Uranium miners have confirmed the

ability of radiation to lnduce cancer.

Capcer LS an over-proliferation eof cell in a body organ. By
iz thought i1hat cancer may result from damage to  the control
zystem of & single cell causing it to divide more rapidly than a
normal cell. The defe.t iz transmltted Lo the davghter cslle =0
the population of abpnormal cells build vp to the delriment of the
normal cells in the organ. The estimalien of the increased rizk
af cancer is complicated by the long and wvariable latent period
from abiout five 1o thivty years or wmore, between expontre and the
appearance of the cancer and by the [act that radiation induced

cancers  are wot normally diddingniobabie from the non- radiat boo

4



induced cancers.

fnother possible late effect of radiation 15 " cataract
formation in the lens of the eye. It appsars that there is a
threshold dose below which cataract can not be induced. This is

of the order of 15 millisievert ¢ 1 mSv = 100 mrem J.

There is some evidence from atiimal experiments that Expugﬁre
af radiatioen  may slightly reduce the life expectation of
individuals who dbo not exhibit any specifir radiation-induced
zymptoms. Obszarvation of human populations exposed at el atively
high levels indicale Fhat, if li1fe shortening occurs at all, it

is very slight, almost certainly less than 1 year per sipvert.

The hergditary effects of radiation:

The hereditary effects of raidation resuli from damagae to
the Feproducta ve rells. This damage takes +the form of .
altarations, Friown as ygenetic mutations,in the hereditary.

material of the cell.

The reproduction eccurs when the ovum is fertilized by a
cparm. A= & result, offspring receives a complete aét1uf genetic
material from each parent. Thus fthe child recelves two
complementary sets of genes, one from each of its parents. In
general, it . is found that pne gene is ‘dominant’ and the other 15
‘recessive’ . The dominent germe determines the particul ar

chararterigtic with which it is amcociated.

Recessive gengs are only recognized when by chance twa of

the recessive-type genes come together. A considerable number of

10



diseases are assorciated with recessive geme and will, theretore,
only menifest +themselves when both parents have the SAMme
recessive genes. Spontaneocus mutation accounts for the fact  that
an appreciable fraction of thetwﬁrld's population suffer . from

ome of the 900 or more defects or diseases sttributable to

thwereditary effects.

Radiation 1pduced gene mutations are indistinguishable from
naturally pcowrring mutations. It showld be noted 1n passing that
heat and chemicals can also cause mutations. Mutated genes  are
generally recessive and spo it 15 generally assumed that all

mutations are harmfuwl, which, of course is ot always true.

Sirmce 1onizing radiation can cause an increase. in the
mutation rate; its use may increase the number of genstically
abnormal people in the future gensrations. Clearly ©the
consequences of eBHCEsRlve genetlic damage would be wvery serious

indesd and strict control moust be exercised over the exposure  of

the general population to radiation

The risks of hereditary effects due to exposure of tha -

gonads ;b g very uncertain. International Comml s=1on on
Radiolaogical Frotection (ICRF) estimated the risk of sSerious
hereditary il health within the first two genesrations following
the irradiation of sither parent to be about 10 per-ﬁillimn per
mSv. Over all gererations, the risk would be about twice this
value. HNormally, the Expasure which ocowrs up to the time of

wonceptacon can affect +the genetic characterietics of the

offspring, and since the mean age of chidbearing 1s  about 350

11
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yoars, only 4 propartion of the dose recetved by a typical
populaticon will be reneticaliy harmful. lThe total genelic risk in
all pgenerations averaged over Loth zexes. and over all  ages, i

therefore, about 8§ sericus etfects per million per m3v.

Rergntly, LCRP  introduced another lerm to digtinguiszsh
Letween effects for which the probability of ogcurrence does  not
depend an  Lhe

dose recelived and thosre for which the severity is related to

dace. The former are =tochaztie and the latter ave non -
wtochacstic, The term =stochastic can hazt he understocd by
conmidering it ta refer lo eflecls which either voour or do o oot
OECur, there being nn iﬁLETMFdl&tE srate. Thus cancer induction

iz a stochastic effecct, the probability of 2 radialion induced
cancer of a particular type not depending on bhe =severity of the
doge  received. Heredltary affecls are alzo regarded as belng
stachagtie. The early effects of radiatien are non-stochastic
since there severity dependz on the dose. Similarly, the severity

of some late effects, =och as cataract formation, depend= on the

doge receiveld and 50 these cffecls are alao non-stoucha=ztic.

Thus, the =tocchaslig effects are those for
which the preobkability of the efieci oeccurring, rather the
severity of the effect if 1t occurs, varies with the =size of  the
dose. For =zuch effect as in the tngluction of Eénetic defects  or
cancer oo bhreshold dose can be assumed below which some effects
may ool occor. The resnlls of high radiation exposurs which are

likelwy tao oocur wheaever o threshald drsse has hieen cxceeded are



commenly, if awkwardly, raferred to az non-stochastic effect.

This intends to conbrast with the hereditary or carcinagenic

effocts of radiation, of whiclh Lhe doze determines & prebability

rather than a certainty of the eftect occurving, and which are

termed stochastic.
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CHAFPTER &

REVIEW DF THE EARLIER WORKES

Fpuacarch works have been performed in varlious wWays t0
investigate the uptake *° behaviour and loss of various
radionuclides 1n  fresh and marine weter fishes. Toe put things

1nto  prospective a critical review of the earlier works is

e nvisaged.

fm excellent review of the bioacrumulation factors of fresh
water fishes +or different radiomuelides bawe been made by
Vanderpleeg =t al (1). Poston, T.M. 2t al (2) has made an indepth

review of concentration ratios of selected radionuclides in fresb

and marine water fishes.

Flprence L. Harrison {3) conducted arn experiment on  marine
clam (Mya Arenaria) under laboratory and field conditions by
using radicactive nuclides of cobalt and cesium. The accumulation

ot 1*7ce from the water and food was followed 1n the laboratory .

+or 177 days. The concentrabtion of 137cs in the JgLlam, increased

rapidly at Ffirst and then more slowly. The steady - state
concentration factor was about 4.4 1n whole body. For 495 the
accumulation pattern for whole body remains the same. The i
137

biological half—-lzves for Cs and ““Co were found to be &3.64

davs and 1320 days respectively.

R.S. Harvey &t al. (1) conducted an experiment for uptake .

*

1370e by fresh water clam (fampzilis Radiata (Gmel))

and loas of
under +ield conditions. They found that the concemntration of

13702 inereased rapidly upto 35 days and then an  apparent -

14



egquilibrium was observed, 964 days was, however, reguired for
maximum concentration in whole body. Experiment’ was conducted for

91 days. The biological balf-life was found io be 41 days.

Ross A. Ieffree et al. (5, performed an experiment for the

uptalie of T by the tropical fresh water mussel (Velezunio
e ]

Angazi). They found that the rate of accumulation of “28Ra by the

tissue of the mussel is lingar with respect to the period of

e:posure under labuaratory conditions. They alise found that <Ld6pa
has very lopg bLiological half~life 1n the mussel.
f.W. van WEERS (41 also conducted an experiment o

investigate the uptake behaviour and loss of SUco from sea water
by the common shrimph {(Crangon Crangan L)) . He ¥mund_ that the
mean concentration factor inoreased slowly wupto a value of about -’
17 at 3l days. A steady state tﬂncémtratiun was not  reached at
that time, The bialaogical half-~litfe was found to be approximately

21 days.

J.F. BRaptist st al, (7)) conducted an experiment to ‘determine

Sloe, 9%g, &00a, 657n, BOg, - 99p

the biological hal+f~lives of Coy, in, .

141m 151

In and I in Btlantic Croker (Micropogan Undulatuﬁl under

laboratory gconditions. They {found the following biololgical hal+-

lives: Hlgr - 70 days, 2'Fe - 215 days, °YCo — 31 days, ““zn "=

138 days, EFEr — 1768 davs, TN - 485 days, 1411'“'Ir: - 1224 days and

13by _ 24 days,
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CHAFTER 4
THE DETECTION SYSTEH

High-purity germanium detector (HFEe) i a semicenductor
device which was used to detect and mea%ure thae radicactivity
from 137-2 jn whole body live fish and passive samples in this
study. This detector can be stored at room temperature. The main
system is a germanium erystal in an unusual high state of purity.
The depletion depth of a noraml p-n junction at a given voltage
increases in proportion to the square roct of the resistivity of
the matertal. If the impurity coamcentration in germanium can  be
reduced to about 1pl® atnmsfcmE the corresponding resistivity is
snfficiently high so that a depletion quth of I¢ mm can be
reached using reverse bias of less than 100G vultg. It 1=,
therefore, possible to obtain large active volumps that .ﬁre )
nearly comparable with those available in Ge(lLi} detectors,

without the lithium compensation step.

In any germanium detector, ExCPsElve leaﬁage c;rranti
prevents its use at woom temparature, but the absence of liéhium
compensation allows HFGe to be stored at room temperature between
uses. Succassful Dpéfatiun af such detectors over many cycles of
warming and cocling has been reported. However, it is recommended
that the detector should be kept continuously at liquid nitrogen
temperature to avoid potential cantamination of the detectu}
csurface from any reeidual vapours within thé deteﬁfur 'vacuUm
hnusihq.' For this reason, it is conventional to operate HPGe

detector at liguid nitrogen temperatures in =ome applicatiéns it

may be more convepient to allow the detector temperature to rise -

17
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above this 77K value. Satisfartoryperformance can be obtained at
temperatures as high as 150-193k. The principal limitation is the
rise in noise level which corresponds to increase in trapping

effect and band-to-band bulk-generated leakage current.

General chararteristics:

The basic copnfiguration of an HPGe detector 13 shown  in
Fig.t!1}. Decause the bulk of the high purity material is
generally p-type, this configuration 1s referraed to ‘as n+~p—p+ :
diode structure (the designation ' + ° refers to highly doped
materiall. The n% contact is usually formed by “lithium
evaporation into a lapped swrface of the germanium followed by a
short period of diffusion at elevated temperature. The detector’
depletian depth is formed by reverse biasing this H+"p'1uﬁttiun.
The -contazt at the cpposite face must be a noninjecting contact
for a majerity carrier and often consistas of a metal-to-
weml canductor EUF{BEE barrier junction which acts &as a p+'
eontact. The dead layer assorciated with the nt lithium contact is
always monsiderably greater than that associated with the surface

barrier =o that when the detectaor is totally depleted {discussed

below! the p+ face i= pormally used a= the entrance windod.

Reverse brasing requires that a positive voltags be spplied
to the n" contact with respact to p+ surface. The déﬁletiun
region effectively begins at the nt edge of the central region:
and extend= further into the p region as the voltage ig raised.
I+ the wvoltage i=s made sufficiently high, the detector becomes

fully depleted and the active volume estends all the Way from one

13



contact te the other. Under these conditions, the electric +field
iz at a maximum at the n* side af the p-region, and decrsases to
zero at the p+ =side. &n additional increment of bias voltage
{alsc known as over voltage) is normally applied which has the
sffect oFf raising the electric field by a constant amount
throughout the entire detector (Fig.1). It i=s preferable to apply
sufficient overvoltage so that the minimum electric field is
;till suffirientiy high to impart Eaturatinnr velocity to the
charge carriers, and to minimize the collection time and . the

¥

detrimental effects due to recombination and trapping. In

germanium at liquid nitrogen temperature, saturated plactron.

velocities are reached at a minimum field of about 105 v/m, buk’

field strengths three to five times larger are required to fully

saturate the whole velocity. FPractical problems relatsd to

breakdown and surface leakage often lamit the maximum voltage to

values at which electrams but not holes will reach satwrated

drift velocity.

Electric field and capacitance:

The active volume in the "i-region" is not free of any ngt
space charge. L=t us assume that the n+"p junction is abrupt, the
applied reverse bias is much larger than the contact potential
betwesn the n'  and p-regions, and the doping level is much
greater in the nt region than the residual impurity level in the
high purity p wvolune. Solving the Foisson’'s equatiun‘?z i = uf?e,
the electric potential & in the presence of the charge

distribution P can be obtained {£€ is the dielectric constantl. In

19



this case P = —eNy where Np™ 1mpurity density and e 1S’ the
electronic charge.
Planner geometiy!

The detector depletion depth 1%
d = (zevsprl/E
Full depletion requires & minimum applied voltage Y4

Vg = PTZ/2 where, T = slab thickness.

In one-~dimensional slab geometry, Foisson ‘s equation becomes p

For an applied wvoltage less than that required +or full

depletion, the elecktric field éu= - grad@ = - dé@/dx 1§ cbtained
by solution of equation 42@/dn? = - P/e with the boundary
condition @A(d) — (o) = V. The result is

Etny = tvsddy + (pred td/2=x)
or 1 By l= (V70) + (eNp/ed (x—d/2)
where = is  the distance from the p+ contact. For U{Ud, the

portion of this soclution correspanding to the undeplieted region
of the detector is not applicable, and the field is zero.
Equation 1 B G| =  (V/d) + (eNp/g) md/idd also holds far Y@Vy
because the effect of the over voitage (VY-Yy) is to increase the
field by a constant amount (V=N /T everywhere within khe
detector. The capacitance variés with the applied bias voltage up
tc the walue at which the detector is fullé depleted. In planar
geometry, the detector capacitance per unit area prior to the
point of full depletion is given by

co= (ePravi /2



For ViVg4, the detector rcapacitance is & constant obtained by
setting VW=Vg 1n enuation C = &P /2V., The independence of detector
capacitance on applied bias is often taken as an indication of

full depletion within the detector.

Cuaxi%l geometry !

It is preferable to fabricate HFBe detector in cylindrical
form in order to achieve large active volunes. The outer surface
of a cylindrical crystal {assumed to be p-type} is commonly
provided with a lathium—diffused thin nt layer to serve as ane
electrical contact. Because the eguivalent of undrifted central
core of a coaxial BeilLi) detector does nat exist in this case, 4a
secand contact must be provided by removing the core and applying
a p+ contact over the inner surface. If ry and r, are the inner

and outer radii respectively, the depletion voltage is
V. = Pr2€ Lrilnira/r ) =1/2(r5=r])3
da =~ 74< isnire/ty 2771

Foissorn’s eguation takes the form d @/dr< + 1/¢{dd/dr) = ~ Pre .
Applying the poundary condition dira) - giryd = V and solving for

§iry=-dd/dr, the resulting electric field configuration is

5

- Biry = ~(PIRE}F + ——m e e
r ln{ro/ryl
eNpy V - (eNy/8€) (rp-r )
or, | Eir}t = ——==mr L Sk
2€ rolntro/ry}

provided Ny ( the acceptor concentration ) is a constant over the

detector wvolume.
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where F is the Fano factor, € is the energy necessary to create

one electron-hole pair and E 1s the gamma ray energy.

The contribution of the second term l.i.llz:_d 1= due to incomplete
charge collection and is most significant in detectors of large
volume and low average electric field. Its magnitude rCan be
experimentally estimated by carrying out a series of FlWHM
measurements as the applied voltage 1E varied. I¥+ the electric
field could be made infinitely large, the effect of incomplete
charge collection could be redured to an  insignificant level.
Therefore, a plot of the observed FWHM versus the reciprocal: of
the average electric field within the detector allows arn
extrapolation to inflﬁlte field conditions. The residual value of
FWHM given by the esxstra—polation i1s than asmumed to arise only

from the remaining two factors in egquation

2. w2 o 2
Wiy o= W+ Wy v W

The third factor HEE represents the broadening edfects due to the
electronic components following the detector. Its magnitude can
be messurad by supplying the output of a precision pulser with a
-hlghly stable amplitude to the preamplifier ard  recording  the
gurresponding pEEk in the pulse height spectrum. Thesa
measurements shouwld be made with the detector nnrma11¥ cnnnecfed
to thi preampliifier B0 that capacitive loading of the

preamplifier input 1s typiosal of conditions wnder actual use.

Fulse shape and timing:

The timing and pulse shaping properties of any deteclor are

k-l
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dominated by the shape of the glectriec field within the active

volume and the distance over which the charges must be collected.

The charge collection p}mcegga In standard pulse height
=pectrosctopy, it 15 necessary for the shaping Limes of the pulse
pru:esgiﬁg electronics to be  substantially larger  than  the
laongest raise time likely to be encountered feom the detector 1if
résulutlﬂn loss due to ballistic defecit i= to be avoided. Inm
applicationg where timing information must be obtained from %he
pulse both the rise time and the detailed shape of the 1leading
gdge of the pulse become important when ronsidering various fime
pick—-off methods. The wltimate time reszolution obtainable from an
HEGe detector is critically dependent beih on the overall average
rige Llime as well as significant variation on the pulse shape-

from sevent to svent.

AsSsumi ng that equivalent eircuit of the measuring
plectronics presents a large time constant compared with the
largest rise time produced by the detector the lpading edge of .
the =ignal pulse is almost entirely determined by the details of
the charge collection process within the detector. Because’ 1t 18 .
always advantageous to have thez smallest possible rise time,
conditiorns arg normally souwght inm which charge collection  occours
within the mlnimum.émgsihle timee. For low e&lectric Field the
velocity increases linmearly with the field which implies a
constant value for the electron or bole mability. At sufficient
high electric fields, however, the velocity ceases to 1ncrease

and approaches © a constant saturation wvalue for miectron 1n

germanium at T3 this saturation drift velocity is approximately

1 24



102 g/= amd is achieved al a field wvalue of abobut 10 v/m. The

saturated velocities {for thEEIiS similar but Freguires & miflmam
field of approdimately :Hlﬂﬁ vime Pulses of minimun rise time
Ir e, therefore, | ohtained by operating the detector with
sfficient applied "voltage so that an electric field of at least
this magnitude is present every where within the active volume.
. HPGe coaxial crystal having 53 ec act%ve volume (Frincton

Gamma Tech, West Germany, Model I[GC &) is used im this

experiment.

The output pulses from the detector are relatively of small

amplitude, The detesctor has A high output impedence,i.=2., a high
Pne at
internal resistance tuﬂfluwjyha electric current. In handling

electronic signals, Lt 1s important that the impedence levels of

sucresnslve components match one another.

The purpozes of a pre-amplifier are three faolds: (i} to

amplify, i{f necessary, the relatively small signals produced by
the radiatian detector, (2) to match impedence levels between the
detector and the s=ubzequent components in the electronic
cireultry and (3} to shape the si1gmal pulse ftor opiimal  sigrhal
processing by the swhesguent components. In the present anunfiﬁg
system the HPGe detector is mounted on the top of the pre-
amplifier fhuiit—-in with the detecter) and the crystal dewer
f{liquid nitrogen dewer). Before the éupply D% electronic  signal
to the analyser {for counting, the signal must be amplitied

hecause the amplitude of the signal roming from the detectar

through pre—amplifier is relatively =small. Thus an amplifier 1s-



required to amplify the detectar signal. Another function of the
amplifier is to reshape the slmwlﬁ decaying puises from the pre;
amplifier and to improve the electronic signal-to-noise ratio. A
good amplifier should have low input noise and high gain factor.
For the present stody, Canberra, Uss, Model 2022 amplifier is
used. It has ail the characteristics pecessary to make it useful
with HPGe detector. The gain is adjusted through a combination of
coarse and fine controls. Its salient features include high gain,
low rnoise and selectable time constants. The 9Qgain range.,
temperature otability and non-linearity specifications make it

sultable for long counting period.

An analyser 1s used for counting the pulses from  the
amplifier within a eglected veltage amplitude intervals ar
channels. If this is done for only one channel at a time, the
device 18 called a single channel analyser (SCA)Y. A device thst
1= capable of analysing pulses simultanecusly within Mmany
dlffEF;ﬂt intervals or channels is called a multichannel analyser:
(MCAY. The main component of the MCA is an  analag to digital
cronver ter (ADCY which measures and sorts out the 1ncoming pulses-
according to their amplitudes. The pulse amplitude range, vsually
0~10 vbolts, is divided by the ADC inte a finite number ?¥
discrete intervals or channeis. The ADC cunvettﬁ an analngdsignal
{voltage or pulse amplitude), which has an infinite number of
possible different walues, irto a digital one {(channel number?’ ,

which has a finite number of integer values. In our system an MCA

of 4000 channels, Madel Canberra, USA, Series 40 1s used.



The HFGe detector requires an external high volbtage for
operation which 18 called the detector bias. The detector bias
supply provides the accelerating voltage for electron;
multiplication 1n  the HPGe crystals. It alsoc converts the
alternating wvoltage provided by the line source into & direct
current wvoltage. In the present system the Canberra, USA, 2012
detector bias woltage 15 wsed. The voltages are selected:
independently by 10 turn direct reading potentiometers. The
polarity is contrelled hy a front pannel switch. A block diagram
of HPGe detector system including highvolitsage supply, pre-

amplifier, amplifier and MCA ig shown in Fig.d.

Measuremerts of iive fish samples involve a large volumes,
Bp it 1= necessary to choose a suitable '"detector fo sample"
geometry to maximize the counting efficiency. Hence, for live
counting o©f fish and the counting of passive biclogical smaple,
ﬁbt gecmelry and petridish geometry were chosen respectively for
better efficiency. This design shouwld be nearly optimum in terms
of placing the live =sample as close as possible to the datactmr}
active volume. 1/2 litre capacity pot, fabrivated +From locally

available plastic was used as live sample container (Fig.&). A

13?25 actiwvity

fined geometry is maiptained for counting the
through  out the measuremsntis,. Fig. () shows the actual geometry

maintained in live fish coumting. The passive biological samples

wers counted using plastic petridishes.

Calibration of the detection system:

A Fized geometry was maintained for counting all live.



fishes. . In order to use this system, the LbLasic performance
studies on various parameters, =.4., operating voltage, lower and
upper level v:Ii-:-u.-.r:irr-i:-||es\’t?|umq‘,_1I energy calibration, relative ang
absalute ef+icnemciaa of the detector syatém +or Qarluuﬁ zample
volumes were carried owht. The sfficiency of the detector is
mainly dependent on  the engrgy of radiation and souwrce ta
detector geometry. The peot geometry and petridish geometry were
calihrated in this study. @ known activity of 1575 in the form
of solution was added to 150 om of dry fieh powder and the '‘sample

was then dried again and homogenised by grinding and mixing for a

lorg time. Te check the homogeneity of mixing, the samples were

divided into five subsamples of egual weight contained in +five
identical plastic petridishes and each suhsample. was Counted
with identical geometrvy.' The counts for 200s for sach subsample

were found approxdimately the same.

One subsample was then poured into & plastic pot and the

geometry wag made similar to that actuzlly taken by a live fish
1in  that pot and the counts were taken for 300s. The peak area

counts were computed wusing an inbuilt  microprocessor. The

efficiency was calcualted by dividing the obtainesd caunt rate by

the rate of disintegration of the standard sample. Having
determined the sfficiency of =mach geomehry u&ed-ln-the study, the
artivity of the live sample of different fish speciee  was
measured throughout the duration of the experiment. Having
determined the integral counts under the gamma energy peaks, the
gamma activity was caleculated irém the measured efficiency of the

detnpctor by the follawing relation;

2B

s
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A =C / ¢E(Eyp?

where, A Activity 1n dpsz

C = Feak area in cps
E{E) = Efficiency of the detechtor at energy E (MeVY) and
p = Photon emission probability at energy E (MaVy.
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?I1G. 2. FLASTIC FOT USED TO MEASURE THE 2ADICACTIVITY IN LIVE FISH,
{s) 3IDE VIEW, {(b) TOP VIEW,

(a)

FIG4 - TOP VIEW QF THE GEOMETRY TAKEN BY THE LIVE FISH WHEN FLACED

INTO THE FOT. .
(a) FOR SINGHI, MAGUR AND SOIEL FIGHES, ib) FOR KOI FISH.



BHIBL IOGRAFPHY

ENOLL, G.F., Radiation detection and measurement, John Wiley

and Sons Inc., Mew York, 1979.



!
r

CHAPTER L]

THEORY FOR ERRORS IN .
“THE EXPERIMENTS A



CHAPTER 5
THEDRY FOR ERROKS LN THE EXPERIMENT

Experimentasl observations always have imaccuracies. In using
numbers which result from experimental observaticne, it s aimust
always necessary to know the extent of these inaccuracies. If
ceveral observations are used to compute a result, gne must  know
how the inaccuracies of the individual observations contribute to
the inaceuracy of the result. If one 14 comparing a4 number based
on a theoretical prediction with one based on experiment, it is
neceszary to know something about the accuracies of both of these
1f one is to say anythuing about whether or not they
agree,. I+ one has some dnowledge of the statistical behaviour of
errors of observation, it is often possible to reduce the effect

of these uncertainties on the final result.

The error of & measuremsnt is the deviation of the
neasurenent  from i1ts mormal value. Normally there are two  types

of Brrors;: (i) Systematic errors and (11} Random erraors.

Eystemnatic ertors accur dus to inadequate experimental
design, malfunctioning of equipment, etc. It produces resulis
{hat differ consistantly from the correct ones by saome fiwed
amount. The same result may be obtained in repeated measurements

although 1t is a wrong result to some extent.

The random errors, sonetimes, called uncertainty in the

measurements, are variastians in results from one measurement  to

the nest. It can not be eliminated completely although it is

possible to minimize 1t by careful measurement technigque, refixed



instrumentation, personal ﬁk111nesé, ete, The terms accuracy  and
preclginn are often used to distinguish between systematic and
random errors. IFf a ineasurement has small systematic errors, the
measurement has high accu?acy and if small random errors, then it

has high precision.

The error prediction: The range of the individual
measurements from the average value of & series of measuwrements
describes the precision or reproducibility. It is designated by

the standard deviation (&) value:
o = i!'ﬁ )

where, T is the average value for a series of measuwrenents. it
gnly one measured wvalue n is available then the standard
deviation may be estimated as +fn by assuming that the wvalue n

represents the mean.
. | )

In & normal distribution &B.% percent of all measured values
fal!l within xlonon either side of the mean, 93.05% within +2o and

GF.TY wrthin limits of +3F.

The standard deviation is some times used to characterizethe
cpresd or dispersion of the measurements. The standard deviation
can alsoc be referred to as the root-mean—square deviation, in
that 1t is the square root of the wean of the sguares of the

v

deviations.

For a set of experiment

1 M -
= | —— E:Eni - ni*
N i=1




whore M 1= the number of measurements from which the sample  mean
rn is determined and ny represents tHe individual measurement. The
guantity N is termed the ”numh&r-hf degrees of freedom". o~always
has the same unit as the n, and it is always positive, because

(1)
any negative residuals, 2limipated by squaring the each deviation,

{n; - M), The square of the standard deviation, or is called the

variance of the set of obsetrvations.

The fractional standard daeviation is defined as the ratio of

the- standard deviation to the mean-%%- . The percent standard
[ =
deviation i& defined as iﬂﬁ—} % 100%. The fractiaonal standard

deviation is always a pure number (without units).

Frecis:on of count rate:

The estimated standard dewviation o, of a count rate 1s.
- =2
gy, = Ft

whEr o & is the estimated standard deviation of a count n and ¢t

is the counhng time.
Since ©~={n, therefore oy = {nst

where £ = counting time.

foccumul ation of Errars:

I+ the precision of numbers A and B 3s dencted by standard
deviations &3 and JB'then the standard deviations of results of
arithmatic operations involving A and B may be computed using the

expressions in the following table.



nlk

Table 1. Results of Arithinatic gperations with Numbers A and B,
(The preciszion of A and B is described by the standard
deviations o> and L} .

fArithmatic First Second Fesult+ lsd

operation ND: MNo.

pddition S TSI > S
Subtraction pr g3 - B+ 0 .;,:.-.B;,tﬂ_%_)t.l. ()"
Multiplication At o X "B+ Op {REI L1+ f(%}’w (%—)L 1
Di vision Ar gD £ Be 0] mxm{nfég_) 1+ 1= )1__1
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CHAPTER &
MEASUREMENTS

£ radinnuclnde,lE?Eﬁ, of known strength was released into

the euperimental aguarium. The 135/0e was obtaimed from fmer shaim,

Uk, 1m the form of 137cac1. The water was constantly stirred ta

snsuwre homogensous mixing of 13705 with the water.

The experimental aguaria were made of glass of & mm
thickness framed by ald iron structure. The joints were glinmed
with rcoke pitch materi1als. The aguaria were cubical in shape
having the dimension of 1.0m 2 0.5m = O, om. Fig.l shows the
details of the agquarium. In order to maintain the volume of water
in the aguariwn constant, fresh tap water was supplied from  time
to time. Before the FE!E&EEIDf +i1shes 1nto the radiocactive water:

1m, the agquarium, a series of experiments were performed to  find

aut  the abosrption of IE?EE by aguarium materials. An amount of
100 ml of radigactive water was takesn from the aguarium and the
activity of 15 Cs was measured by "an HPGm detector. The

Fadipartivities were measured twics & week over a nperiod of  ane
month. Table 1 shpws the results which indicate that there were.

Mo significant absorption or adsorption of 137

s by the acguarium
materials. The pH of radicactive water was measured once a  week

for ong month. During the experiment the pH values chariged from

&. 64 to ?.14 and $1nally decreased to B.44.

A total of 15 "Magur ", 14 'Singhi’, ? "Kei’® anrd I 'Sarel’
157

fishes were released into the aguaria contRining the Cz sptked
water. Magur and Singhi were reieased into the agquariuam no.l  and

arliar1 L no.2 respectively. Aiter the conclusion of the

I8



experiment with these Magur and Singhi fishes new experiments
wers started with Kot and Sciel fishes. Koi and Soiel were kept
1in the aguasrium no.l and aguarium no. 2 respectively. All +ishes
were acclimatirzed for 30 days under identical experimental
condi tions., To Facgilitate rapid capture of ficshes +from the
aguarium, each group of fishes of mach species was placed ingide
the aguariwn  in plastic cages of commen dimension of O.37m u:
Q. 28m Q %, 29m. Each aguarium contained threese such plastic cages.
The cages were placed on the bottom of the aguarium  and about
two—third of the cage was filled with **/Cs spiked water.

i
The fishes were Ffed with sliced shrimp boiled with hot .

water. The other foeod stuff like worms, corns, oil cake were also
supplied as fomd, but the major food item was shrimp., All the
feed were directly put into the acguaria " once a day. The
Fesigduals of the food stuff were removed by conventional methods
by adopting adequate radiation safely measuresz. The random and
rapid mption of the fiEEEE 1hte the water ensuwre the mixing of
oxygen fram pormal atr to the radicactive water. However, to
ensure  the presence of oxygen 1o the water at normal  level
fresh  air was supplied inte the water ‘at regular interval by an
air puinp. | -

after a Ffew days aloea of green colowr formed and  other
suspended particles were also observed and consequentiy, the
water turned turbid. These necescsiated filtering the water. Two

bvpee of water filters were Lsed: the conventional water filter

Ioncally availlable was used at regularlnnterval. The total ° amount



of water Was completly filtered by uzing A specially designred
filter bed. Successive iayers of the bed were made by stone and
brick chips of different si1zes and ordinary and Coarse sand.
Stone chips af large sizes were poured 1nto a pYC pipe of 91.734
cim long X 7.&2 cn d1ameter which stood at the bottom of the pipe
at wvertical position. Upon this stone bed, brick chips of very
cmall SITES WErE placed. Theﬁ the sand beds wWere made, Upon the
sand bed two other different beds (one Brick and ancther stane
made) were also erecetied. & schematic diagram of the filter 1is

shown in Fi1g.2- Fig.X s=hows the photgraph of the actual

experimnental setup -

Upor frlitering, the radioactivity of the water solution  wWas
reduced, hecauss  CsCl has strang affinity of mising wilth the
suapended particle, algea, atc., 1n  the water. The reduced
radioactivity was_cumpensated by further addition of calculated
13/cecl  ante the water and measuring the radioactivity at

ditferent stages.

Fi1shes were withdrawn from the aguarium cantaining 1¥7ps ang
washed | wWith 4-5 litres of fresh tap water in a plastic purket
with proper rinsing in order to decontaminate the superfzuiall?
attached 177¢2 an the outer layer af fish skin pulps. 3inca C=Cl
ig highly soluble in water, the washing was repeated 3 T 4 times
to ensure romplete decontamination Inf gsuperficially attached
C=icl. Some fishes were measured far 1270g activity betore and
after the rinsing at constant geometry. The resultes are shown in

Tahle 2.
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Each individual fish was poured in plastic pot of different
217e= to accommotate the fishes of different sizes. Each pot with
individual {fish contained in it was placed on the HPFGe detector
for taking the whole body (live) counting for 200 s. The counting
was repeated three times and the mean af three readings was
taken. After taking the counis for svery fish of a group, the
mEsn  Ccount rate was determined for each group with one  standard
deviation (ilsd}. For Magur and Singhi, the expsriments were
continuerd For 21 days after which uwsually most of the fishes

died., For Foi and Soiel the s:iperiments were centinued for 37

davys.

ffter the cessation of uwpltake experiments some fishes of all
species were sacrificed and boiled individually with fresh water
at nearly 190°C in order to help proper segragation of edible and
non-edible parts. These parts wetre kept in plastic patridishes of
identical ei1ze and measured for 157s activity. The distribution

157

of Czg in edible &nd nor—e2dible parts of the fish was

determined from these measwsments.

fgfter 21 days of exhnmure to 1*?D5, thres “Singhi’ fishes

and after 37 days of exposure to 13 eg

siy Koi fishes of
different lengths and weights and one Soiel fish were removed
from the LR ot spiked water at a £ime for retention studies. In
this study,. *Singhi~ fishes were relsased :irdividually into
plastic bughkets which contained 3 to 4 litres of fresh tap water,
armd the Yol and Sniel fishes were k=pt tn different aguarium

which contsired 24 to IO litres fresh btap water. Thues every knoi

fish has 2 to 4 litres of fresh water and every Soiel fish has 24

i1



te A0 litres of fresh water. The water was changed at a regular

intarval. All  fishes were counted alive for whole body 137¢ce

regquiarly (at constant geometry adopted for each =species of

fishes}) in order to determine the elimination behaviour of 13?E$
from the tisheas.
Table 1. Courts of radivactive aquarium water taken at different
Fimes {(counting time: Z00=).
cramped tame o Caunts/100 mi of water
tday!
T T T s
= 12080+75
.8 PEATESA
11 12153+45 :
15 128450+1 4864 i
ta 126444110
21 12512+32 -
e smmEmEEEI—EmoC—oooCEEEmmEo— oo ooGNEEEEnECCoCoonnEERESSSoOS@@EIE T

Table 2. Counts of fish taken before and ‘after ripsing
{ecounting time: Zads).

Live fish Counts before Counts after
sample Finsing Fin=ing
T sos7:20 6750598

2 ARLT+2E 4107 +47

= F&HATHAF] Z168+2Y

4 S0ZB+15 4g17+13I83 o

= 188445+34 16406+114
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The aguaria {(two jor radicactive water ano one for fresh
water? were placed in-a rectricted area located at INST  lawn
whieh enwsured the ambient conditions, 1.8y the normal
temper ature, Pressura, humidity, laght, etc. Arrangement Was madi
fer  night time illumination as and whan necessary. A small camp
was erected beside the aguaria providing a table, one chalir and a
stogl wunder the roof.far handling, manipulation of the- samples,

feeding the fi1shes, recording the data and faor miscellaneous

works.

To prevent the guperimental set up from excessive or direct
sunlight <nd rain, wndesired dust 7fother particles $alling +rom
the atmosphere and dew at night, the entire gxperimental set up

was rocfed with canvass.

To collect the radicactive waste produred from the aguarium
house, Waste managemant equiprent such as remote handling tongs
dispusable hand gloves and the plaatlcfgalvaniﬁed tin drums for

sately storing the wastes were used.

A punber ot plastic bucket, nylon net, 12 number of plastic
pot  of different sizes for measurement of radioactivity in the
live sample were used. The plastic buckets were used for propeEr
rinsing D+1the f1shes befaore the counting. The nylon net was used

to prevent fishes from jumping out from the aguatia.

Arrangenents wWere made for supply of freeh water: to the

aguaria. frrangemsnts wWere also made for collection of non-

radioactive wastes in course of the experiment.



All wWworks pertaining to éadiation protection were performed
unider the direct supervision ;f the Divisional Head of the Healtih
Fhysi1ts and Radiation Frotection Division, INST, AERE., Savar. The
radiation area was marked by the standard trifoil symbol. All
aquaria filled with radicacrtive water were properly marked with
symbols for radioactilve materials. Drums for collecting/storing
radivactive wasles were also marked with the symbols + o

radivactive materials as per international norms and practices.

The radiapticon workers were provided with P.H.e Film  badges
#rred pufket dosimeters to evaluste the dpse recelved duwring the
course of gxperiment. To keep the received dose to & mammal, the
radioactive materials wWere tandled from a safe distance by remote
handling teongs. To prevent internal contamination of the relevent
radiation workers the following radiation protection and safety
guidelines were followed during the course of the experiment

within the szperimental zoned

a) Mo eatinpg, drinking or smoking.

b1 Mo mouth operations.

c) ARy wound, if present en the body was 'covered with water
proof dressing. r

d} Ordinary handkercheif was not uzed); disposable duster
towel, tissue paper , etc. were used.

e} Disposable gloves were used in all times during the

experiment.

Standard and adeguate house keeping was maintained and the

protective clothas/shoes were wsed by the radiation workers.
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Two types of low level radicactive wastes (solid and liguid)
were  produced. The solid wastes consisted of the contamipated
fish, tissus papers, trash papers, filter papers, disposable
gloves, cloths, towels and same consumable items, such  as,
pertridish, syringe, etc. The wastes were properly émllected into

a galvanized iron drum of about ©.04 m~ wvolume for interim safe

storage.

The liguid wastes were collected into plastic drums of about
Q.08 m- volume. The liquid waste +rom rinsing the cnnta%inated
_fish was of very low level. After the level of radigactivity of
laiguid waste coming down to a safe level by ‘delay’, "decay’™ and
‘dilution’® +the same was dizcharged into the local Eewer By

properly  evaluating the smafety aspects 1n accordance with the

international norms.
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Fin.3ta). The figure showing the aquariuvm (1.00m x @.50m 2 O.30om}
on thoe stand (0.7Sm height). The glazs shest  used is
. 0NEm bhick. The plastic cages inside the aguarium are
ton facilltate for catrhing and idertificatien of the
fimlhen.  The bambioe pillers neas Lhe agusraom are used
Lo el The manvass tent owver the agi=raoam,

m o m



Fig.-® epd . "DALTION"  symbol i= srb At the side of the other two
aguarig,. The plasbic burkels seesn used to culiure  Lhe
Tn-1 37 saccumal ated Tiwve fismboin Freash water conbalined
tr vk far eliminatinn shbody.
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Fiv.2ied.

The wooden table under the tent is onsed for preparation
of mample. The auwthor 1% diEEEEtlHﬂ Lhe +1sh fo
detormine the Tewel of roadiobecbres By oo different parts
wf Ahe fish. The evlindrical container seen beside  Lhe
Ut Tlug 1o ynedt ko opnllech fthe low Jeowvel ol wastes,
The plastic  pot Sseeny beside the bocket 1w oeed to
muasser o bhe radioaclivity in live fish. Flease slso mee
Frey. B
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CHAPTER 7
RESUL TS AR DISCUES10

The detsi1led weperimental data and reswultis are shown through
Tables 1 to 1Z2. Tabkle 1| 15 a famibarization aof the fish species
under the scope of this study and Table 2 gives the information
about  the grouvping and si=ze measwesnents of the fish species
unider 1nvestigaktion. Each species of the fish was divided ainto
three gyroups, namely, group 1 {large sizel, group 2 (intermediate
size) and yroup T dsmall sized. A total of 14 “Magurt, 18

Singhi "y, 7 Vo' snd B "Soiel {fishes weré taken in this stody.
In the first phase, e:xperiments on Magur and Sainphil fishes were
corducted simultaneously and in the second phaze, experiments on
beti and  Seiel fishes were performed simultamnecusly. The IS?EE

concertration for respective fish species and the average weight

f & fish cpecies in a parlticular group are shown in Table 3.

Tables 4 +to 7 show the bivaccumulation fagtore  (BF=2)  of
13?E5 Bv the concerned fish spesies at different exposuwre times
from  the 157 g apiked water. Table 4 shows the data of BFs  for
"HMagur T +ish for five sampllnglpmrxmds amd Table S gives the data
of BFs for "Singhi’ {ish 4o four sampling periods. Tables "&a,
&l and & dndicate data of BFs for 17 samples for Hoi fish  and

table 7 stands +or  those of Soael fishy also for the same

sampling period.

Column & of the Tables & and 3 amd column 2 of the Tahles
b4a, &b, ac antl 7 show the meman counts= with ane standard deviatzion

expressed 1n ops of a whale body fish averaged over a group of  a

fish speciss. Column &4 of the Tables 4 and & and column 2 of  the

£n
e
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Singhi, Kol and Soiel fish species. Moreovet, the curves for each
speriegs indicate That the uptake of 13?E5 initially increases
rapidly followed by a more gradual  accumulation. However, a
steady ztats éoncentratiun could st1il not ke reached at the end
of this enperiment. The uptake of radionuclide may be defired as
the increase of biocaccumulation factor with time. it i= also
evident that the uptake rates are different for different fish
specles. |he uptake rates observed are shown in decreasing order
rate Foi » singhi * Magur @ Soiel. Again the uptake rates differ
with the size of the fish, intermediate size of each species

accumulaktes IE?Cﬁ mor = than the other two sices {(1.e. small and

large sizel. The BFs reported here are for whole hody of fishes.

Since comcentration of ceasiuinm does not vary greatly among  the

crgaris, flesh or whole body, bicaccumulation factors mentioned

may apply fto cother organis) as well.

Tabhies & to 10 represent the dats for biologicasl elimination
of Ce--1%7  Froem the Sinahi, ol and  Soiel fish spesies
recpectivel v, Based upgn the data contained in Tables B to 10,
the rurves for effective halié-lives drawn in the Figs.3,' 6 and 7
tllustrate the general pattern for biological elimination of
137 g by ihe concerned fish species. The 13?D5 counts remaining
1m the whole body at the different time pericds after transfer to
non-radioactive water were plutted on & semi log paper to  show
the rate of loss from hiclogical elimination. The slopes of these
curves showed thal only one r%te of loss 1z involved. The slopes
0F the tcurves are simply the effective elimination «¢onstants

M teffy s wWhich may he gxpressed as lnA = 1nd. - Mieify b Thus

a3
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W (gff) i® found to be
'X(eff} = (lnﬁl = Infigd /L=ty ).

The effective half-live T, ,5,.¢4), 18 calculated by using the
Farmul & .TifE eff = ﬁ'ﬁQSKjﬁief+}' The " (wtg; 0o the half-life
Tlfﬁmﬁ] . represent  the guantitites usually designated asz
elimination rate or biplonical haslf-lives which ndicate  the
trates at which radignuclide incorporated into the fissues orF
whole hody are axcreted. Table ;1 shows the wvalues of the
effective half-lives of the Singhi, Koi and Eeciel fish  as
pbtained from the curves of Figs. 5, & and 7 respectively. The
effective half-lives are found to vary among the fish species but
they do not vary with the =izes of the fish species. The large
variagtian of half-life of FKoi f:shlgmall size from the other
two sizes  {(Tabkle 11} may be probably due £n the experimental
mrrars.  The effective half-lives are found to be 33.8043.55,
181.77+410.18 and 217.04+89.87 days for "Singhi’, 'Eoi1’ and 'Soiel’
fishes respectively. The half-life of Mangur fish can not be

calculated due to accidental deaths of &1l the Magur fishes

while conducting this experiment on half-life..

Table 12 shows the tissue distribution of 17/Cs  in Magut,
Singhi, Koi and Sciel. Due to accidental deaths of &1l seiel
fishes excepht ong, data for omly one specimen 1z glven. The
fishes were disected intp edible parts (musclel and  the non-

edibhle parts tﬁhne, g1l1lflaps, palps, vizceral mass etc.) It 1

difficult to zeparate the sdihle parts completely from the bone -

specially from the hone of head portions. Percentages of 137ce in

edible parts are found to be B7.20+5,04, B.03£4.25, 75.45+%.88
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and BB.S1 4+ -~ for Magur, Sinaghi, Hol and Soiel fishes
respectively; the maximum percentage being in Soiel {vogg4hy while

the minimuom 1in Koi {(“7&%).

The seffective retention time 1s influenced by biulggical and
physical half-lives. The bialogical half-life may be calcul ated
by the formula

Ti/20af) = Ti7oBiay * Tis2¢rhydy /7 Tir2Biod *T1/2(Fhyy ™
Environmental conditions such as  temperature, humidity, etc.
influence radionuclide retention inm fishes considerably. Also

mode of arcumulatiorn of radicnuckiide as well as rate of excration

may have significant sffects on the ebttective half-lite.

In the sevent of large scale radicactive contamination of the
savironment with Cs=137 having long effective half-life Cs~137
would rFemain in the fish for a longer period of time and thus
would constitute more health hazard to public via consumption of

fishes from the related environment.

Suggestions for further wWorks

This 1= +or the first time that this type of experiments

ha : been carried out in Rangladesh. Due to lack of previous
exper1ences and adequate facilities,mowe sigmiicant . contributicon
could ot be achieved in, the field. One difticulty Was

encountered in  procuring the fishes with desired physical
conditions. Althowgh plenty of fishes of identical speciss are
available 1n the lozal markets, the fishes collected from these

markets do not remain alive in the acquarium beyond a few days.

The major cause for thez premature death of fishes was ocheerved

A
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duer to  infections of their skin, pulps, mouth, etc. After
catching from the pond,; swamps, etc., the fishermen gensrally
atire the fishes of wvarious species mixed up together i &
comtainer and as a result almost all the fished get 1i1njured
eventually by struggling among themsplves. There wears no fi=h
farme available in the vicinity at that time from which the fish
speries of interest cowld be collected as  per regquirements.
Howover , wWe wors . able to rallect T kg of Singbi and Magur
free +rom all types of probable apouries and dissases from the
Eresceat Farming Complex, Napkechala, Gazipur, Dhaka. The Koi and
Goiel fishes were collected by withdrawing all the water from a
pond located in an interilor rural area of the district aof Dhaka.
The fishes were caughi ard transported very carefully in order to
det the fishes free from all types aof injuries befare sampling.
Inspite of &all possible precsutions, 1t was unfortunately not
possible to kesp the fishes alive for longar periad of time. The
watar quality could not be uwniformly maintained during the
experiments dus  to the farmentatien of the arganic substances
from food stufd, Fish excreta, etoc. These organic swbstance were,
removed from the water in order to keep the water clesr and
Euitahlehgurvival_ of the fishes.

Initially, the readings were not taken for Singhi and Magii-
at wmore {frequent intervals due to difficulty in counting of .a
large number of fish samples. Otherwise the relevent uptake

curves would have been much better as found in Kol and ESoiel !

fishes.

From the experiences gained in this nvestigation, the:



following further works on the uptake and +etention studies for.
.various radionuelides by different fish species of fresh water
and marine water commonly consumed by the prople of Bangladesh
may be performed in near future:

1. Uptake pf radionuclides by the fishes under laboratory
and field ronditions wsing artificial and miniature ponds. |

?. The uptake of radionuclides in various concentrations  by.
the camefidentical fish species.

i The wptake of radionuclides by fishes in presenfé of
various guantity of the carresponding stablie nuclides.

After knowing the bibaccumulation facters of  the vérinusg
radionuclides for the different fish zpecies commonly consumed by'
the pecple of Pangladesh and concentration of respective
radionuclides in the relevent water reserviour and other

parameters, the annual dose eguivalent received by a standard man,

from the habit of fish consumption may be calculated.
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Tabie 1. ldentification of firsh SOECLIES.

Local name English name Biological name
“Magur Cat Fish Clarius Batrachus
"Singhi’ Cat Fish Heterppreustes Fossilis -
“kol Climbing Ferch Anabas Testudineus
‘8o1el” Murrel Channa Striatus r
Table 2. Greoupimg and size measurem2nts of fish species
based on their lengths and weights. :
Fish Fish Ho.of ' Range of Range of Remarks
species group fishes in welght lengih
zach group (gl fcml
1 z 3z 4 o &

Clarius 1 1 i39-165  26~28 Large size:
Batrachus ..
('Magur ') 2 7 FT—100 22—24 Intermediate sire

3z I 3544 12-14 Small =size
Heteropn— 1 E| 7994 24—25 Large size
sustes s .- ;
Foszs1llas 2 7 A4F-52 4224 Intermediate =size
{*Singhi "3 )

= pil 40-49 1B8-20 Small size
Anabas i s L0—4 14-172 Large size
Te=ztudineus .
{"Foi ") = z aB-&Y 12-14 Intermediats size

= 2 IR-nb =11 Small size
Channa i 1 219 O {arge size.
Striatus -
{'Spie] ) 2 Z 157—-158 27—28 Intermediate size

1
it 2 FE—100 Fa-22 Small =ize



Table Z.

FParameters +or uptale of

157

Cm by +ish species.

Efficiency of 1
detector at the
counting geomet

4. 26Ex 107
4,1b8u10 7
4, 166%107

4, 2264107 7
4, 56b6%t07 7
A4 1b6b6xi0 "
5. 033107
5. 0531077
5.0EIi0

ish at dif+erent

ki

Y

Himacecumalatiao
factor,

0. 055640, 040

mn

0. ZEFE+0, OF0
0.716240. 1943

0. 72548+0.14Z7
O.7445+0. 1124

Q. 0550+0. 0171

0, SFF2+0. THF0
1.0205+0, 1507

1.054%5+0, 1154 -
1, 151160, 1625 -

0. 0454+0, 0155
0, 22FF+0. 0252
C.8614+0, 1F03

Fish Ce=137 cont. Fish Average wh.
species in water group of fi=h
(R ml) (gl
i 2 z 4
“agur 155 56+5.97 1 140, 00+15. 5
2 G, 00+7, 78
z 40, GO+5E. 48
‘Singhi © 122.87+0. 20 1 g5.50+5.38
P S8 00+5, 00
3 45, 80+3, 47
i =51 S5.10+0, 487 i 7. A5+20.85
2 L4 4H6+4.173
! 47 . 00+ 00
"Sotrwl OO, RTE0, 27 i mem——
s SR 00+0, 00
_ " . 137 . .
Table 4. Data for uptake of C=w by ‘HMagur® f
mposure times.
Fish Eunposure Avearage Concentration
group Limef(dav) «ount of Cs—137 in
rate (cpsy fish tigsue(Bogsigl
1 2 z 4
2 H.H0+5.31 F. 2070+, RG]
= SELO4+9 02 556, 1467 +146, 3405
14 FOOHEZ+LY A& 115, 3704+32, 0342
1 18 71778190, 00 120, 1945424, P82
20 TR AZ2ET7 . 36 f2%, 25856+18. 2872
< S.A1+1,.072 F.1118+2.8521
= ZE.DA4L.40 LI FEIEA1Y . 9BV
2 14 a7, 34+7 .10 148.9470+24, 5524
4= A5 A4+2 .97 174.5479+14. 9778
20 JOo.21+7.88 1837.25897+26. 3391
< 1.28+0. 41 7.8012+453,. 5598
= . 154051 SH.F059+4. 5712
st b 2304840275 143, 10229+21.35158
ig 29, 44+1.565 146, 45654+14. 704U

no=

¥ tor

agroup 2 oand N

O, 8058+0. 1035

Standard deviatinns were calculated for = 4 for group 1,

T Aor group 3.



Table S. Data for uptake of 1370y by ‘Singhi” fish at different
exposure times.

Fish Exposure Averages Concentratian Bigaccumulation
graoup  timedday) count of Cs—-137 in factar.
ratelcps? f+ish tissue(bBgsg}
' b ot 4 =
fa 4, 42+1 .04 11.6245+3, 2150 O, 0%49+0. 0244
10 13.45+4. 21 ILL.ATIZ+H11.8148 O.301 140, 085484
E 17 Fo.45+5.84 Q7. 0320+250., 1564 0. 772840, 2054
21 IT.F4+45,08 9. 0630417 . 7728 G.7RO0+0., 1453
ut I.IF+1.05 15.0913+4.8721 0. 1228+0. 0398
10 11.02+5.01 49.0078+14. 1234 0.39E8+0. 1149 .
2 17 41.60+08. 57 184.9184+41.784&1 1.50494+0.3401
21 4160570 184, 9407+34,.37309 L. B0+, 2797
= Z2.0040, 34 13.7018+2. 6843 0.111540,0214
L f. 7E+1. 45 37.10%93+8. 4090 0. FI020+0, G484
= 17 21,.48+1.75 117.7174+4135, 2620 0.94581+G. 1087
21 Z0.31+0,83 111.30054+5.8445 0, F058+0, 0380 -

Standard deviation were calculated for n o= 4 §or group 1
m =7 for grovp 2 and n o= 5 for group T

&0



Table &.a. Data for uptake of R by "Koi' fish of
large size at dif{erent exposure times.

Exposure Average count Cs—127 concentration Bioaccumul ation
Lime{day) ratelcps) in fish tissue(Bg/gl. factor.
P . TTTTTTTTYITTTTITTTT T
T iommezs | Z.esanet.onte  0.053780,0164
= .34+ R 8. 5235+2. 95448 0. 1945+0. 05353
4 s.qaim.éz 0. 0943473, 2908 . 0. 183040, 0597
7 4. 45+0. 41 P46, 387444 . 9254 D.ZFTLA0.0893
H T 470,24 (B.9497+5.72147% O.T41340, 10485
i0 9,.53+1.28 24.2175+7. 6401 0. 4390+0, 1385
11 10.4%+1.59 25.535601+8, 5945 0. 4815+0. 1537
1= 13.54+£1.75 34,2480+10.73F17 O, &228+0_ 1944
i35 14.78+1.28 I7.50463+11. 1974 0, 480040, 2030
17 14.99+1.77 FB. 02604117573 Q. 4895+0, 2132 -
20 17.08+1. 22 43-34&?312.?596r 0. 783810.2312
Eﬁ L7.51+1.0% 44.41?ﬂ:1é.?546 - 0. 805440, 2305
24 19, a4+0. 94 475490413, 7501 0. 8585+0.24F0
=7 . i8.61+0.74 47, 2095+1 2. 6138 Q.Eﬁ&ﬂiﬂ.?ﬁ&?
22 i8.461+0.74 47.1968+1E. 6100 O.8357+0. 24&8 -
21 20.77 198 FE2.47467115. 8494 0L Fa51+0. 2874
34 22.321+1.98 Sh,. 3019+16. 8541 1-02153&.29#2-
utS 23. 13+0.868 5A.6757+1 &, 8785 1-053?3&.3&&5'
Kt 24, 462+0,15 £2.4423+17 . B/ 1.152240,. 3233

&1
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Tabie 6.b. Data for uptake of 1¥7Cs by Koi fish of .
intermed; ate sire at di fferent erposure times.

Ermoire  Puerage count Co—137 concentration  Bicaccumilation
timeiday) ratelcps). in fish tissue{Bg/g). factor.,
P = s .
i Zawe.zz | seivero.zem 5. 0710400139
= T.78+0.78 11. 4144642, 6445 0. 2106+0.0477
4 4,56+1.43 i4,011344, 3092 Q. 2%40+0, 0781
7 7.51+1, 448 2T 0608+5, 0483 0.4181+0.0919
8 B fhel, 55 27.2238+5. 4282 0. 1955+0. OIB6
10 - 11.44+1.39 n5.151345. 4314 0. &I7I+0. 0784
11 17,0340, 59 40, OR4AB4A , 2101 0. 7259+0. 0758
17 La. 4240, 80 Mo, 437845, 2843 0.9145+0,. 0973
15 18.048+0. 74 SE.4FDERS, T272 1.0062+0, 1042
17 17.31+0. 641 57, 5173+5. 7IZB7 ) 1.0?553&.1@%8
20 Zi.82+1.21 &7.0455+7. 3542 1.2156+0. 1337
22 2F.51+1.84 72.2384+9,917%9 1. 309840, 1620 -
24 24.79+1.28 74,1843+ 2315 1.3914io.14§?
27 25.1%+1.74 77.21&61+2.0733 PoAGHLHO, 1650
29 2&6.74+1.77 82.742%+%, 5543 1. 3006+0. 1732
a1 BY.A48+1. 74 B84.4521+7.9128 1. 551340, 10032
T4 28.L4+1. 7] BB.0AZA+10, 1?45 1.5%67+0, 1853
A 27.09+1.20 89.3378+7.2700 1.5179+0, 1644
328 31, B0+1.25 FL. AT+, FIF2 L.74@04+0, 1504

&2



Takle &.e. Data for uptake of 137 pe by kaoi Fish of
small size at different exposure times.

Cmomure  eerage coumt  De-137 camcentration | Bioaccumilation
Limemiday) rate {cpsl. in fi=h ti==ue (Bg/lg?t. factor.
T . s a .
T aeior | b.osazed.secz 0. 162500823
z L. 58+E. AT 25.@25?111.5525 O.A701+0,. 2101

g F.5a4+2.78 29.70B4+12. TLHRO G, 5386+0 22475

7 i1.31+4, 18 44_5424+18.5884 Q. 8080+0. 3771

g t3.14+4.728 51.951A+1%, 5201 G.?#OEiGlEEEB
14 17.98+5.81 FFLAAT IR0, 4774 1.3988+0.3710
11 24, 55+45. 58 FT.B43E+E1L 2L 1. 737B+0. 5665 -
13z 26.87+8. 357 105.99145+58. 8329 1. F1?3+0. 70483
13 28.94+7.732 114, 0267141 . 83329 2.07&540. 7587
17 27.18+7. 582 114, 9724+737 ., FE27 2.0847+0. 4T85
20 J. 0248078 118, 24624442 05651 2.144X+0, HF2TF -
b F1.5445.02 124, 2513+57.7174 2.2529+0, 7104
24 Z2-08+8. 42 124, 37907+41. 84404 DL2RLPEO,TEFO
27 S2.0%+3. 47 1277777442, 1625 2.7169+40.7545
29 SI.00+8.73 130, 0234+47,. 2478 . AT EE0,. 7844
1 X4,01+8.21 132.9834+41, 43521 A4+, FELE
z4 IS 5VFP. 62 179,.3854+44. 51 21 2.5273+0,.89422
34 T&HLOTHE. 92 i41.9&621+44.599% 2.5741+0,8087
NAE| 38, 15+4. 45 1890, 2938+3%. 1471 2L.TFESE4Q, 7102 .



Tabl

Exposure
time {day}

1)

11

i3

e 7. Data for uptake of

157

Cs by Soigl fish of

intermediate size at different suposure times.

Average count
rateicpsd .

1,23+0.07
1. 146+0, 03
. L4+0, OF
T. 48+, 05
5. b6+0. OF

b, 35+0. 1o

19,2840, 03
20, 7240, 20
25, 2640, 19
25, 660, 1O

Cs—1537 concentration
in fish tissue(Bgsgl.

OLFFEA+0L 1008
1.8245+0., 1034
Z.TOE&+0, 0517
q,&5053+50, 1240
5. 155540, 0814
8.3272+0.0742
F. 4201 +0, 2299

12.3288+0. 1357

15.8722+0. 0741

19, 4073+0.35114
20, 1401 +0. 2597
20. 61 &0, A3TE
21.0730G3+0. 5717
278994+, 13354
5. Q50940 0815
28.&6189+0. 0371
0. FADE+0. 29T
I7.87561+0, 285

33.0949+0, 5784

&4

Eiroaccumul ation

tactor.

. OlDl+0, 0021
O, 03554000021
O 0as8+0, 00150
G OF 1L 3+0. QOTR0
O, 101 1+0.0025
U. 16470, 0054
Q.1949+0, 0057
Q. 2418+0, 0055 -
0.27224+0. 0054
O, 302240, 0084
. 3951 +G. 0091
O 4057 +0, GOT70
0.41246+0, 0154
G.44792+0,0189
0.421440.0090
O_541844+0.010G7
O.&031+0.0129
0.?352iﬂ.0151

G. &885+0, 0173



1x7

Table S. ERiological elimnation of Cs from "Sangh:’ fish.

Elasped Counts/ 200 =, -
time e
{day) Large si:e Intermediate size Small =i1ze
L remesms  ezsares S
4 T4 54+569 5151+105 - -
7 7341+14 L273+14 APLTEES
a J2T5+4a4 HLS2+50 AB2I+S7
9 £501+49 55@2359 3945156
10 S151+44 S5297+80 B613+12
11 bLiao+112 S179+1% LSBT +40
14 b1 22+45 S1P8+47 S131+87
15 5P42+32 S0L7+61 2aT4+355
17 SB&0+21 4548+81 2HL18+13
18 S 2+ A7 E+38 2h31+1s
21 S464+F0 4R22+30 2501 +55
22 S25&4+460 ADOL+39 2451+135
24 5183+28 TRSP43E1 2a14+11
25 4BQO+27 I704+63 RILTFEL
28 AE0q 420 J&78+30 2EEF+T1
zZ9 4261+64 BHOH 45 2194+451
31 4:&9123 3488+44 1923450
35 3913417 FO1E+17 2 15 4+28
Ik 3916428 21747 19646+58
37 TI97+58 J0&T+AE 2024+19
g 2L0L+70 S11%+102 1E02+27
oy 3d2a+38 2B72+79 1??33£09
4z IH4L+59 2541430 1736+18



Tabkle 7. PFiological elimination of 157ce from ‘Koo' faish.
time = = e e e e e e e e
tday! Large size Intermediate s122 Small si1ze
1 427425 G275 250 8%&0+429
& 4354+ 17 OEOTH251 FI10+107
7 420 -Fh &I67+228 3375+20
i3 44647144 HO5Y+282 BBa&s+5Y
15 A439+55 S7a4+544 BL224+93 -
ig dS51+48 S LT+7 4 ———
20 G2F7+IH aS97+246 H540+111
22 . G4Z18+155 SSoE+271 8Z273+83
235 A4 5+230 D442+ 207 HZas+352
27 A11+205 S5444+197 BOas+235
29 4347 +350 SIFIL2LS Ba40+77
Iz 4232+120 S2T4+541 ??40&124
34 410945 S177+134 FRISEI0
A IFET+ED SRE9+153 HZZ 144D
g A140 74 33446+348 BOGZ24-40
41 AORG+HE 5174+28% BLOS+ad
4z 4143+392 DlUZ+2E4 TILF+HD - -
dé e = S173+3L5 BZ2383+43
il A0 20w Si14+280 4O30+2T ’
G0 TELESRE 4T LE5+EFT7 gx27F+a%

Mote: MNumber of fish in large s@ize was 5, in intermediate size
was £ and 1n zmall size was 1o

&b
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Tabhle 1¢. Bialoaical elimination of 15702 from "Soiel’ fish.

Elasped Counts/ /200 B,
TiME e e e e e e s s e
{day) l.are size Intermediate size Small size
N srsizve
4 ' Laaazizz
& 4442487
7 4400+15
iz 4275+41
15 4177+51
20 ERG2+4L0
e 4Q0N+152
25 Jaira+24
27 qOU5+147
29 IR22+114
32 ' 3151+564
I4 ; 40509+3%
I 3A4T427
37 . IPEFH40
41 19404142
43 TE18+23
46 3794+24
S50 3994+24
& 393610

Note: Number of fish in intermediate size was 1. All fishes in
the large and small sizes accidentally died.

&7
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Takle i1. Calculation for effective half-lives of fish species (Cont'dl.

Fish Curve for Fish No. X-axis, V-axis, Half-life Average fverage
spec~ each fosh 1n each time i log af indiv. half-life half-life
cies. groupg in group. {day}., scale, fishiday} of a group. {dayl.
gach species, {day!
| 2 3 g ] ) 7 g
Kol i 1 18.00  B400 380.00
3{.25 B2OG
2 1¢.00 2440 Fa%.22 37H.34+hH.8E
45,00 80090
3 31.25  BZO9 3f5.82
45,400  BOOG
2 1 16.25 5600 186,70
25.00 5400,
: 25.00 o400 160. 44 1461, 45+4.,00 151,27+140.19

33.75 a2apn

3 43.23  a0do 197.0¢
92,830 4800
3 1 11.235 4400 124,400
15,80 4500
2 23.23 4300 147,43 141, 0B+5, 44 :
Io.00 3200
3 .00 4200 142.01
40,00 4000 :
“Goeil " | i I§.00 4000 2iB.10
11.25 4300
Z 12.00 4300 209.69  217.04+8.87 2170448, 87
4i.00 3900
3 5i. 2% 3800 227,353
0,00 3700

&7



tissue distribution of the fish specles.

Artivity Total

mon=-

Artivity
im edible
part.
icps)

in non—
edible

arti-
wvity.

12,1

Tahle 2. Data for
Figh Fish MNoo WL, of
spec— aroup of edible
cieg,. in fishes part
each 11 a g
specles. group
i 2 = 4

*HMagur 1 2 Sk O
7200

=2 4 22020

2% .50

IO, 00

TELOD

o = H.a0

22.11

.00

"Singhi ¢ 1 4 I0. 00
SZZ.00

28,600

A0, 00

= 4 12. 00

QRO

P00

P, Qo

= = W O

E. o0

"Foi ! 1 z 28,00
1B.0Q0

2& .00

i i 20,00

14,00

1B. 00

Soeil K 1 BY.0d

18, 4d
1. L0
14,00

17548
158ed

105%4
12241
101465

10751

4044
4247
2528

Br24
FLG8
B551.

424

FoSE0
11138
7454
8F70

45T
371

28050
2143
2041

DOB&
Z21E5%
a2m2g

874

1h1b

1994
1703

297
=740
S

1478
1291
1cay

FoE

1550
1177
1970
12032

Sidady
113

a6
718
Led

674
94
B

202148
1776b

11448
15837
12199
117356

4541
4518

oOnZ

102525
10944
&7

et

F110
113515
8404
10173

5104
484

72

85.°

B,
B3.

i
Bl
i

85,
88.
Bx.
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