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A[lSTI~ACl'

ThlS wo,.-\,d"SI.T,be" ttl" l.nyesligat,on carrled out inLo the

L'plakt:' and retent,on, bl01Dl~ical eliminat.ion and the tu;sue

b,,,,'-'g,

l<",c,",US"of its high fH.;5ior, YC'l]d anl1 potent,al h""a.-d to hum"n

1)7Cs was "ht,>sen as U,e radlonuclidp. 0+ ,nterest.

Sim.lhi. Magul', ""pi and 501.1'] +ishe~; are eaten by, all classes of

~lmost evp.I-Y w"ter r'es",.-vimw of the t,auntry,

wE',-e "".-rled CH"t on t.hb'SE'SpeL:leS of fish','s. The fishes were

,oJ ,_,,,,,,,••LJ ,,,to "lid

d,:t.lvit.ies 1n t.he w~,ol" body of the' f1"h"," w",-e measured

.-eg\Jla.-ly by \\0,1(\9 a HPGe det".:tor- e:oupled with a multlchannel

,m"Jyzer-. Radl "'let 1Vi t i ""; 1n Sl nglli "nd 11"gur we.-e me",sured for

Th•• bioae"Llo,ulation fa<:tor "as e:aleulated fro," tillS

found.

dt,y'" "nd tt10se i fl K"l "nd Soi el ",ere l1\easured upta 37

1"'7deeumula.tion of -J cs wi!.«I" ea.ell "",',e, ,,;ifJ,",fiea.nt

aetlyity lfl fish t"""u" "nd the amount. of 137Cs pr<;s"nt in the

t.,'",,, on " ,-,p.mllog I'ape'-. lh'" "\.Ir-"es thus "obt."in"d for ",very

fishes .ndic:"te tl.,,,t, th", a.ceumul"tion of
137Cs

In,tially ",ere,,""''' ,-"'p,dly ""t" t,ilne -toJlo"",d by more gra.du.d

"".:,-,mU la. t i (Jr,.



2t tho end of the e,:p"riment. 1h", l,lpt"d:e"F'ates w"re found to

dep",nd em the si~ •.•of the fish spe<;,E'$ and a.-e 21so dlffe.-ent for

diff",..-"nt fish speo:ie5.

E"periments on biological elimillation of 137C" f,-om va.-iou,"

sp"cies of fi",h"" w",.-e also o:ondL\[:ted. 80m",fi ••he•• f.-om "11 the

••pecies were released

pGr,od to acc:ume,date the

,nto 137Cs sp,iced water fo'" a ce.-tain

137Cs. Fi",h",s were then removed from the

r""h oac'Ci vi ties r"ln"ining ln th •• fish body were

requ12rly "nd f"'Jm th •• d"ta thus obt ••in",d th •• eff ••o:t1Ve' half-

liv ••s 0'1 137C" 1n Singh" tl",g"•.. 2nd I',oi w•••" found to b•• ~;3.60,

151.27 ••nd 217.04 d2yS r ••sp ••ctiv ••ly. r,ssw" di.d:ribution (of 137Cs

ac:""m,l<~t",d .in edible parts wa~ found to be 87.20, 85.03,

fi ••h

,,11

W2S

fish speci"," ",as also deter-mined. The tQtal body

divided, into edible "nd non-ed,ble P"'I'"t... The

0' •
137Cs

76.65

and 88.31 pe,..:ent of tot ••l parts for Mag'Jr, Singhi, koi and SOlel

fish,'S ,"espect,iv",ly.
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CHAPTER 1
Li':!.TBODUCT ION

Th", a...-tific:i",l ...-adionuc:lid••s due to f",llout frool testlngs of

Illlc!",ar W"lapons, ...-",1"'''"5"'of radio",ctiv" ",fflu",nts from nucl"ar

".:tivities may const,tut", $I"",,"t~term as well as

product, on of ...-adioisotopes,

reprocess" ng,

f",brl.:",tior, and

. \ailled nucle",r

long t"rm,1 risks

atoHJsphe...-ic tr"nsport ""ld also thrcugh t~\!O consumptlon of

(1-8).

long-liv",d ...-",d,O'-

nuclides inc:Iuding flssion products llke 137Cs , 13 ••Cs,

90(Sr~Y), etc. "nd Oletiy",ted product" like 51Cr, bOCa, b5Zn,95Nb,

"te. wh,eh mOlYnormally 9,,"1:entry intCl the hum",n body th...-ough

fClOd eh"'ln ",nd via other pathways ,n the cy; tic",l

III .

ci1\c\!>inginternal raOl-atior, ha~i1\rds. TM"fission prodw''l,,; r,orm",lly

ree<llvlng a c::onsideri1\ble att""tion are 137Cs and 90(Sr_Yl b",cause

of th"ofr high f,sslon yi"lds and long half-l'ves. Th", t",stf"gs of

nuel","'r weapons in the "tmosphe,ce h••ve c:••,ls,,:d 1::::7Csto be "Hd~ly

distributed ove," th", wOLcid",long with oth",r fls5ion products (9-

137Cs is '" fls,;icm plcod'-lc:t r"."ther than '" m",,,ufac:tUl-ed

,setope. Some lnorganic:: c:eaSlum "",it,; are highiy soluble ",nd some

",r" "p",•.ingly soluble in water (!2). Mor.",oy",r, thlS "l ••ment ~,Oly

be "ompar",d wlth potassium be"aus",- among tl,e commonel",ments '"

body, POb_,sslum lS ~lo,,;t c::losely •."'lated to eeaSJum in

it., met",bcile behaviour (13). Both e",,,,siClm Cil",d I,otassium Cil"'"'"

,



alkal, Absorption of both 'from the d,,,,t

approximat"ly 1007. (14), and takes pla,," tr.rQugh digt!stiv", tra<:t

(15-16)

has nQ known biolog1<:al fun<:tion. Ceasium ",,,d POL,sslum ent ••,

bQdy cell •.•here ceasium i", n'ore tenaciously r",t"ined (17-18) so

that the rad1aticlL; dQs",,, r"eceived by most organs will be

comp",r'able.

(musel",) of the body fr"om whieh they "r •• readily turned ov",1'" v,a

diet, V1a excreta (14). Incr",,,,,i,,g of potass,um ,ntake ha",' only

sllgr\t effe"t in d••<:r""sLng ,:of "",,,,"um body content (19-20). Thus

<:easium ,""t.,bal,sm 1'0 bath Simll "r to, but "'6th'.,r i I,depend",nt of,

potass,um m!"tabolism (13). H"v1ng relativ",ly high radiotoxicity,

therefore, " pot"r,t,al c",use of g"l'Ietic as \'jell

It has b","''' demcmstl'".\t",d that consumptl<:m of ••.quatie

th",

or9"nlsmS 1n the fr",sh w"tel'" enV1ronO\ent m"y I'"",pres,~nt." direct

rout", to hum"" population -for 1~,7C•• {21l. S,ne" fish", ••

prlm"ry fr",,,,h water" orgar,isffi5 con\fficmly"onsum",d by mom,

p..-ude"t to e<;;timate t.h", blOaC","mulati.on ,facto,'s (SF",) for the

trar;sf.,..- to men through faod chain and to evalu ••.te the s"fety,
com,equences, Vls-a-vls, the potentIal ha~ards to populatior, <It

l"rge.

The SF is defined as the ratio of ,rad1onuclide concentratlor.

in the organ1sm 0" tiss~\1< in qu"stion to that III the water (22),

SF (R) i

2



BF<Rli r"di onLu:li dE

crganism Dr tiSSUE 1,

~ rad1crn_!t:lidE <:on<:Entration in flq/gm fr"sh w",ight '0
nrg"nism Dr tiSSUE i and

[RJ w ~ radi ,mu<:llde <:onc:",,,tr,,ti on in water, Bq/ml.

BF" are uSEd to prEdl<:t ,,,,dionucl,de <:cln<:",ntr",tlons In wholo

organisms 00 th",ir tissues frDm 'the kllowledge r",diollLL<:lld",

w<ilter. E'Fs ",e also us",d the

transient dynamlC:S of radlonu<:lid", <:oll<:",ntration

Th.wefor", an Llflderstandlng of variablos that affe<:t Ell' is used

to <:alculate steady st",t" and t,ans ••",t dYl;Olmil:sClf r ad i on\.\(: I 1dp.

I:o"centrati on In order '0 determ.ne

the ElFs, r"dlonul:l ide 'c
fresh water "flshes 1S, th~'r"'+L,,"", ",s",ential.

Fish ""cumulates I'""dionu"11d,, ,from water .>nd f,"am

food chain. Llpon leaving a cD"t"o,i""t",d area, however,

thi", fl<;l', Eventually loo,,~., mLL"hof it" r"d,oa<:tivity. The" amoLmt

lost will actuall y depend upon physi "e\1 hc,1f-livEeS

spec:1'fi c: radionuclides and the c:"'pacity of f.sh to ret",in th"s,"

'luel,d"s u"d,,'r variclLls E"eDlogieal well as er,vi, onmental

cOI,ditiCl'lS (24). Rete"tiol; studi",s are n",,,,ded to provide dat •• foe'

dssessme"t of contamination and for p,cE"c1ic:ti,,,,0+ time

"

reqLli red

,for fish to be adequately deeontamlnated.

Th", organs of ••cc:umul"tlcJ" of r"diDrlLtL:lid" ,n flSh ml""l ,;}"o

cansidered l.n evaluating the_pDt",,",'t,ial risk Df radiDactively

':DntaminC\ted fish to man (24). 8omE"radior",1Clldes may accumul at '"

ill soft ti5sue and som", in hDn'? I~",,,pl,,, lile", to e"t s<lft



cf scme fish species •••nd scme times they like tc eat both muscle

•••nd bon•• as in c•••s •• of small fish ••s.

Many ,nvestigations have been carried out throughout the

world pertaining to accumulation and loss of r",dipnuclides fr'om

d,ff,went spm:ies of both m;:'l""ineand fresh watel"" fish. But in

Banglade$h nO suc:h investigations h.ave pl""obably been perfOl""med

although peac:eful applic:atiom. of nuc:l",ar energy are inc:r ••asing

day by day In the country. In thi'5 conne<:tion, a study waoS

undertaken to document the BFs, biol09.<: ••.l half~lives and tissue

distributions of 137Cs in the fO'.11""species of freph water

namel y, 'Maogur' (Clariws 'Singhi'

fossil1,s); (A"abus testwdiroelJs)

'SoieI' (Charo"a ",triatu;;-). These fOUl""speci ••s of fish can sul""VlVe

in all

Banglad ••sh.

of
Thes'"

watel"" and are

fishes are

widely distributed

popularly c:onsumed

over

Bangladeshllil""" to a greatel"" eHteni:. compared to other fish species

be<:a"se, they are easily ava,lable in plenty 1n pend", paddy

fi"lds, lr"l""igation <:"na1s, ;;wamps, drains, small rivers and other

n"tural and/or a,-t,fi<:i"l wate,' res ••rvioun •• They are ri<:h '"
protein contents. These fish specie$ have ac<:essory resp1ratory

organs to breath atmospher"ic a1r. Th",y can live for a long time

c"t of water or ,n water of very low OKygen content and "an ••1,.0

live in tll""ackish watel"". They feed on worms, insects, shl""imps OInd

fish meal, etc. Wh1c:haore easily available and can be fed easily.

Thus the5'" sp,"cies of fishes w"re well suited for th~ uptake and

rot<:!l'Ition s;tudias of radionuc:lida in the <:Of'lt~}<t of axi.til)9

f"ciliti~. and equipment in the l •••boratory.

4
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CHAPTER 2

~!OLOGICAL ~ELE;f::TS OF RADIATION

The inter ••"tion of ionizing r"di"ti,,,, with the human body,

,.

aris;ing from ••"ternal soun:e" cr from inte..-nai contamin"tion,

leads; to biological ",ffeLts which may later "ppear as clin1",,1

sympt.oms. The n••tur-e and s",verlty Df these sympt.omsand the time

at which they apI''''''!'" dep,md on the ",mount of radiation absorb",d

and the rate at.which it is received. Radiation injuries can be

div1d"d into two <:1as""",,, ,,"omatic effects In whic:h thE damage

appears in the lrradiated person himself, and heredltary effects

which arise only in the offspring of the ll'"r",diated pl;'rson as a

r ••s;ult of ,.-",di••tion dwtlag" to germ cells ,n the reproductive

The !>omatic effe<:t% of radiation

E",rly ,.-"di",tion effec:t",

The e"rly ,.."d.at.on effec:ts ••r •• tho"e which OcC:C\r in the

period from a few hours upto a few weeks after an ac:ute exposure,

that is" 1"rge dIOse rec:ei ved over " few hours or The

effec:ts "re due to majtlr depletion of c:ell population in a number

of body organs to cell-killing and the preventien or delay of

c"ll division.

The "'a,n ",f'fec:ts are .~ttribu',-abl., to bone marrow,

g",strolntestinal

r.,ceived.

m. neuromuscular damag'" depending on

absorbed do",,, tlf abeut 1 gray (lGy '"

eM.
100

dose

rad)

glve" ris," to n"c""", and vomiting. Thi5 i5 known as radialion

sic:l:ness, "nd it 0l;;,,""r5 '" few hours after eXpO"'l,lI'"""" " re5ult of



damag•• to cells lining the inte",tine. Absorbl<d dO,,",1<above about

twe Gy can lead to death, probably 10 to 15 days after expos,"""'e.

There is no w",ll defined thr",shold dose below which there is

no risk of death due to ",,:ut•• do",••"" though b",low about 1.5 Gy

the risk o'f early death would be very low. Similarly, th ••r •• IS nO

w",11 defin",d peint aboyp. which d",ath is certaln, but thE'

of surYI vi ng an acutE' dO"'1<of aboe,t 8 Gy woe,Id b•• very

chane",s

low. A

rp.asonable ••stimate can be made of th •• dose which would be lethal

fer 50.1.of th" "l'po",ed subj",cts within 30 days of exposur",. This

1S call",d thE LD~~and 1$ thought to hay", '" value of aboelt' 3 Gy

for ro",n. For dos"," upto 10 Gy, d",,,,th is usu",lly du", to secondary

infect10ns bec:aelse Qf depletions Qf th •• white bIQod c:"Ils WhICh

normally providp. protEction aga1nst infect1on. The range of doses

frem 3 to 10 Gy is often c",lled the reglon of infection d"ath. In

this range the ch",nce of s"rv,v<ll c<ln be lnc.- ••",••ed by special

m",d, c ••l treatm"nt •• which includ", iSQI",ting the s"bJ",et in a

st ••rile (1 .••. , inf",c:tion f.-ee) E'nV1ronment ",nd givlng bone marrow

,-r",nslLlsion tQ simulate, white bloold cell (WBe)p.-oduction.

For de.... ",bove 10 8y, surv1v",1 tim",

bet •.•••en 3-5 d",ys. It r ••mains ",t about thi",

drops abruptly to'

figure until" much

higher do,""'s are reaeh ••d. In this region th", radiation dose

",,,,u,,es deplet10n [Of the '-ells lining of the H,t ••••tin ••. G.-oss

dam"'ge oce,.!r" in th •• Ilning of the int ••••tine, follow ••d by severe

b"'ct ••rial Invasion. This lS eall ••d the r ••gion of gastrQint ••stinal

death.



",uch higher cio£"'" , survival 'li",,,,,,, progrds5i ,,,,] Y

There are very litlle hum~o dat~ in lhi5 region but,

fro", "!lima] experime"t5, tlH~ 5ymptm", indic",t& 50me LiamaRe to th.,

centr,;l nurVOu5 sy"t"",; hence the region is called the region ",r

centr::d nurviOL1S 5ystem (eNS) Lie",th. However, It. is found

is nol In"L",l""'dOUC; eVen in "'min,,,,l in'",dlaled wilh

in eXcec;.~ of 500 Gy.

Lat;> effects:

1n the eat'] y part ,of t went I "th

century groups of people ~uch ~£ ,'ad i01og 105 ts the!""

p"Lients, w;>re r",latlvely lJigh lev"l",

radi"lion, -"howed", higher incidBnce of certain types of canGer

than !Lot e:cpos"c! to ,'",dJ",tioll. More "ecently, deLdled

stuciies of th" 1'0puL,Uon expc,seu te radiatlon fr"m alomic bombs,

0' DC-CUP''!' iOil "tl 1Y

e:cpos"'<.lpersons, p",,'tic-u!a"iy. uranium min"d'S have confirm&d the

aGility of l'"dia'_ion ta 1nduce cane"r.

Cdf1cer 1s df1 over-prol1fel'dt1en of cell in a body o"gan. it

thought t!,at eanCe,- ''''''y "&P.ult (roro <..bm'''Il'' l.he cGl1tro]

system of d c;ingle cell ,'",,;oJ"g il to divide more rapidly lhan a

norm"l cell. The d"t'e,.t i" l"ans,nltt.ed to t.h" Liaullht.er cell!:: .~o

til", population of abne,'",,,I cell", build up to ~he delrJ,,,",nl of the

normal cell" in the orgsn. Til" e~,limd.LiQn of the incre.- •.",,,J rio:k

0' ",,,nc,,,,, is compiicateJ by th •• l""'l( and "ariabld I"tent period

inctuceu

'" '" ",.,t. "i.J,"n,,,,.l.l y cii, 1 ing"i '.h"LI" i) ,'In 110", "''"'To','adial i""



,ndu<:ed cam:"rs.

AnQth••,.. possible late "ff",ct Qf ,..",diatiQn lS cataract

fo,..mOltion In the l ••ns qf th" "ye. It appears that th",.." is a

threshold dosE below which cat",ract COInnot be ,nd •.,ced. This is

o'f th" onier af 15 mlilisi"v",..t ( 1 mSv '" 100 mr"m ).

Th".e is so,"" ••vidence frQm •••nimal expe,..im"nts that expQsure

of r""h"t,ot' may slightly r ••d,)c" the lif •••• "p""tation of

im:lividl\als who dQ nQt exhlblt any specifit: "'adiation-intil\c:ed

symploms. Obs"rvation of helmanpQpU1atlons ""posed at ,..elatively

hi9h l ••v"ls indi"a"!.e that, if l,f •• "ho.-tening OC:Cl''-Sat. all, it

is very s11ght, almost c••,..tainly less t.han 1 year per (>i"vert •

.-eproduct, ve c"lls. Thi" damag" takes the form

alt",,-ations, l~now" a5 yenlltic mut"t,ons,in t.he hereditary.

mat.eri "II of t.he <:••11.

The reproduct.1Qn pC:Cl\rswhen the ovum is.fert11ized by a

sperm. A" a .-esult, Off ••pring Iceceiv"s a compl"t.e set of g"n",tlc

mater,a1 from "a<:h parent. Thus the <:hild receiv"s two

complem"ntary ~",t•• of genes, on" frQm "ach of its p,,"'ents. In

g"n"ra1, ,t ,1" found th ••t OnEgen", is 'daminant.. ",nd the Qther ,~

. recessi ve' . The domin",nt g"n" determi"",~ parti<:ul",r

Rec••ssiv" genES "f." cmly recogni""d wh"n by chan",,, two of

th" recessive-type genes <:ometogether. A •.Qn"ider",bl" numb".- of



dis~~ses ~re ~ssDLi~ted with r~cessive gene ~nd will, therefor,e,

only m~nlfest themselves when both parents have the same

recessive genes. Spontaneous mut~tion accounts for the fact that

an appreclable fractiDn of the world.s population suffer from

on., Df the 500 or more def"cts or dlse~ses ~ttributable to

heredit.ary ",ff"cts.

R",d,,,,t.,on 'ndw:ed gene mut~tions are indist.ingu,shabl~ from

natur~lly occurring mut.at.ions. It should be noted ln passing that

he",t and chemicals can also cal\S~ m•.,tations. MCltated genes are

general 1y recessi ve ~nd so it 1S general 1y assumed that all

,"ut.~tions "re harmful, wh,,:.h, oofCoursE! is not always true.

Sin"e ">rl'~lng radlation c~n c~c,se an increase. in the

mutation rat.e, it.s use may increase the number of genetic~lly

abnm"mal people in the future 9,merations. Clearly the

consequences of e"ceS51ve genet.ic damage would be very serious

indeed and st.r'ct cnntrol must be exerclsed over the exposure of

the gen"ral pelpulatieln tel radiaticm

The risks of hereditary effects due to ""posure of

gelnads are very uncertaln. International Commission 00

Radiological Protection (ICRPl est.imated the risk of serious

hereditary ill he"lth wit.hin the first two generations following

the irradiation of either parent to' be "bOClt 10 per million per

mSv. Over ,,11 gener~tion$, the risk would be about twice this

val ue. Norm~lly, the exposure which occurs up to the time of

conceptlon

offspring,

can affect the genetic characteristics elf the •.

and since t.he mearyage of chl~bearlng lS about 30



ycaLS. o"ly pl'opcrt i orl of lb<-, dos'" rece,ved lypical

popul"lion ~'ill be g",n",ticc\lly h"nnful. 1'h" tobd -"",nelic )'lsk in

i '"

the, efore, dboul 8 serious •.ff.,.ct$. per mlilion per mSv.

1,.,.c;<nt1y, 1Cfd-' introduc"d le1""' distiHgui"h

between "ff.ect" for which the prc.bilioillty of O{;CU1'l'en~edoes not

dose rec"lved

dorce. formel" ,He "tocil""tic and 1"tter ar", "on-

",locha,-,tlc. The t.,.rm _~.lnc;h"stlc bast LlrlJ""",tood

c.on",lj, "ilLg i~ t" ,,,r«,, Ie, ",ff""i" ",hid. eill."r uC';IJ'- '''" do "ul

o"cur,
induclion

i "
radi"d.ion

"docer of a f'"rticuJ"r typ'" !l"t dep"nding on the ',everity of lh.e

fl«re<11lary ",ifecls "re al£8 as being

stochas,tic. 'l'h", "diati,:,,, non-stochasl1C

"inc.e U12r« "",,,v2rity d"p",nd" on th.,. d"",e. :.iiraila,.ly, U." se'J"','it-y

of some lal •• "ff"ct", -"LJch"'-" c"t"ract fOl'mation, d"p"nd" on lll",

which the

"",v2rity of

p,.cLald 1 it Y oi"

tl,,,, eff"ct if it

lhe

"i2.2 ot

dose. For =ouch effect "" i" the l"d\lction of g":u2tic <i",f"ct-s C,l'

"ffects

ma. y llol nccUr. 1'1", "",sill \ ~ "f hi!(h radL.t.Jon e:>::po.sur"which

1 ~



commonly, awkwardly, referred to "-,, non-" t oella,,\: i c ef feet.

Til,s intends t,-, COlLt,' ..<.,,[ w"tll the hereditary c"rcinoi{enic

effect" of ,-"diali""', of wId,,], '--he dose deter,"in.,,' "

rat he,.

lenned stochastic..

prODiobi ] i t Y

whi.:h
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CHAPTER 3
REV I EW OF THE" l:'Atu"J.Er, WORkS

R~~~~rch works h~ve been performed in vari DW" w<lYs too

investigate th" •..•ptak'" behavio •..•r varioc\s

radion"":l,de,,, ,n fr"sh and m",..-,ne",,,ter fi51'es. To put th,ngs

1ntD prDsp"c:tive a <:rjtic:~] ,."view of t.he earl1er wo..-ks is

"':nv1saged.

An exc:ellent review of t.he bio~cc •..•mulation factors of

",ater f1shes for different radlOn'.Icl1des have been made by

Vanderploeg et ••.1 (1). Poston, T.M. et al (2) h~s made an indepth

,""view of concentration r,~i:lOs of s"I"<:t,,d radionuclides 1n fresh

and marine water flShes.

Florence L. Harrison (3) c,mduct"d an experim"nt on mar,ne

(Mya Arenari,,) •..•nder laboratory "nd f, ••ld conditions by

Clsing radica<:tive nuclid"s af <:cb"lt "nd cesium. Th", "<:<:•..•mulation

of 137C",from t.he •.•",ter ,M'l1food was followed In the laboratory

fo..- 179 day••. The con<:ent...-ation af 1e>7C•• in the ,clam, in<:reased

~"p,dly at f,rst and then more ••lowly. The ste8dy st"te

<:an<:ent...-"t10n factor "'''''' "bo\-,t 4.6 1" •.•helle body. Fo..- 60Co the

a<:<:l'mul",t.ion pattern fo..- whole bady remains the S8me. The"

1~7 60biological half-l,ves for ~ Cs 8nd COl•.•ere found to be 63.6

d"ys ~nd 120 d~Y5 respeclively.

R.B. H"rvey at ~l. (4) <:onducted "n ""p"rim"nt for uptake

and los," of 137C",by fre5h ",at"r clam (L"mp:<il1:< R"di,d", (Gmel))

unde..- field conditions. They found that the concent..-ation of

137Cs ,ncreased ..-apidly c\pta 35 d"y", and then



equi11br1c<m wC\'; Llb"e•.••,ed, 56 d2yS W2S, hDwevE'r, reqc<irood for

IM'xi"'c'mconcentr2tion in whole body. E;;p",r-im••nt' W2Sc::onduc::t"dfor

91 d••y,;;. l'h" biologic21 h21f-life W2S found to be 41 d'lYs,

(llele.-'uI>i"

Ross A. ,l"ffr •••• et 'll. (5), p••rform ••d 2n ••xp••rim ••nt for- the

""6~,. R" by the tropi c21 fresh wf.\ter- "11.1",,"1upt"d'.. Llf

;1l>q''''.i). l'h••y found that th" r-",t" Qf ,"cc:umul",ticln of ""6~•. R2 by th"

tissu" of th" m"ss,,1 is lin" •••..wlth """p ••ct to the perlod of

""po'>t.tr-•• und•.••..l"bor"tor"y conditions. Th"y also founu th'lt 226R"

h"s v","'y long biologic"l h"lf-1ifp in the muss"l.

A. W. v ••n WEERS '" ",lso conduct",d <In "xp""'im"nt

inv""tigate the upt.2k", b••hav:lour 2nd ILl';" Llf 60Co ,from 5e2 w2ter

by the common shrimph (Cr",n9r,'t1 Crat>9'')fI (L)). He fClund th",t th"

mean ~Clncent~ation f~ctor lnc~",as"d slL1wly upto a v'llue Llf

13 at 31 d2ys. A st"ady st"t", ",on~ent~"tion was nClt ~"<lch••d at

th2t ti""'. Th" blCll"'gi~al half-li'F" was found t", b" "'pproxim2t"ly

:;'1 d2yS.

,J.F'. Baptist ",t ,,1. (7) conduct ••d 2n "Hperiment"to 'd"t ••,-min"

th" biologic"l h2lf-'live5 of 60C" 65Zn 80Sr-~. , ,
unde,-

l"bo,-ato,-y conditiClns. They found the following biololgi~<l1 half-

11yes,

138 days, ll"s,.

1311 - 24 days.

138 day,;;, 95Nb .. 465 days, 141m1n -'224 d'lY" and
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CHAPTER 4
THE DETECTION SYSTEM

High~pl\rity germanium detector (HPGe) is " semiconductor

device which was u,;ed to detect and measure th"" radio1:lctivity

from 137Cs in whole body live fish and passive s"mp1es in this

study. This detector can be stored at rOOmtemper"ture. The main

system is a germanium cryst,,! in an unusL\al high state of purity.

The depletion depth of " noraml p-n junction "t a given volt"qe

increases in proportion to the square root of the resistivity of

the m"teri"l. If the imPLlrity concentration in germanium can be'

reduc:ed to "bo\Jt 1010 "t.om5/cm3 the c:orrespond"ng re ••f5tivity is

,;;,ufficiently high so that a depletion depth of 10 mm c:"n he

..-••"c:hed u5ing r ••verse hia •• ef le ••s th"n 1000 volts. It i",

nearly cernparable

ther ••fore, possible

wi th

obtain large "ctive

the5e <lvaiI"ble in

volume••

Ge eLi)

th"t are

det ••c:ters,

without the lithium compensatien step.

'" any germ"nium detector, current,

prevents it", L,••e "t room temparature, bL\t the "bsenc:e of lithium

compensation allows HPGe to be 5tored at roOm temperature between

uses. Succa ••sfLII operation of such detectors over m"ny CYl::le$ of

warming and I::ooling has been reported. However, it i5 recommended

th"t the detector should be kept l::ontinuou$ly at liquid nitrogen

temperature to avoid potential I::ontamination of the detel::tor

surfa!:e from any r ••sidual vapours within th", detec:tor vacrtJ.m

hou5inq. For th15 re"50n, it is c:onvention"l to oper"t", HPGe

det"'l::tor at liquid nitrogen temperatura; in 50me appl1c:ations it

may b", more c:onvenient to allow the detac:tor temperatur"e to riGe

17
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" .,
",bOlvethis 77K valu,"_ SaU5fa"'tory""performance can be obt.uned at

temperatwr<=s "'s h1gh as 150-1801(. The principal limltation is the

rIse In no,Se level which corresponds to increase In trapping

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

General characteristics:

The basic conflguration of an HPGedetector lS shown

Fig.(l). Because the bul k of the high purity material

diode str~\ctur ••.' (the d"'signatiCln . + ' refers to highly doped

material) . The n+ contact is usually formed by 'lithium

"vapnratirln into a lapped surface of th", g••rmanium followed by a

short period of diffuslon at elevated temperature. The detector"

depletlon depth is formed by r ••verse biasing this ii'+-p' J~mction.

The "contact at the opposite face must be a noninjecting contact

for a majority carr1er and often consists of a metal-to-

""miconductor surface barrier junction which acts as a p+-

contact. Th", de,,-d layer ,"-ssor:i"ted with the n+ lithium cont"ct 15

always con$id"rably gre;l:t:er than that associated with the su.rfac'"

b"rrier so that when the detector is totally d"'pleted (discussed

b"low) th" p+ f"-l:;<=is norm.<lly Llsed "s the entrance window.

Reverse b1aslng requireg that a positlv~ vol tag'" be '"-ppli"'d

The d'epletion

region effe~tively begins at the n+ edge of the central region;

and ",,,tendg further ;"t" the p region as the voltage is 'r,"-ised.

If the volt"ge is made sufficiently high, the detector becLlmes

fully depleted and th" act.iye vol~lme e;;tends all the WOlYfrom one



contact to th~ other. Under thes~ condit10ns, the electric field

is at a maximum at the n+ side of the p-region, and decreases to

"ero at the p+ side. An additional incr"'ment of bias voltage

1also known as ov",rvoltage) is normally appll,ed wh1.ch has the

effect of raising the electric fleld by a constant amount

throughout th~ ent.iredetector (Fig.1l. It i" pr••ferable to apply

"ufficient ov~rvoltage So that the minimum electric field is

"ti 11 "ufficiently high to impart "aturation velocity to the

and to minimize the collection time and ,the

detrimental effect" due to recombination and trapping. '"
germanium at liquid nitrogen temperature, saturated electr"on,

velocities are reached at a minimum field of about 10
5 vim, but-

field strengths three to five times larger are required to fully

saturate the ••hole velocity. Practical problem" related to

breakdown and surface leakage often l,mit the maximum voltage to

v<llues at which electrdn" beltnot holes will

drift velocity.

Electric field and capacitance:

r••ach "aturated

The active volume in the "i~region" is not fre••of any n••t

"pace charge. Let us a""ume that the n+-p junction is abrupt, the

applied reVer"e bias is much larger than the contact potential

between the n+ and p-regions, and the doping level

greater in the n+ region than the re"idua1 impL\rity level in the

high purity p volume. Solving the
oPoi""on"5 equation'\]" Ii!

the eolectric potenti••l ~I in the pre"ence of tho charge

di"tribution f' Can be obt••.ined (f i" the diel••ctric constant). In

,
),
I



thi s case p " -eNA ",her"eNA'" lmpurity densi ty .0' e ,. <ee

",l",,,tronic"harge.

Planner geometry:

The d",tector depletion depth '"," (ZeV/P)1I2

Full d",pletion req~(ires • minimum appl.ed vol tage V,
where, T = slab thlckness.

In one-dimensional slab geometry, Poisson's equati9n becomes

----- =
p,

For an applied voltage less than that required ior iull

depletion, the electrlc il"ld & = _ grad0 = - d0/d" is obt.uned

by solution oi "quation

cond1tion ItHd) - ~I(O) = V. The r"sult lS

&(y,) = (V/d) + (pie) (d/2-,,)

or, 1 ~(x) 1= (V/d) + (eNA/f) (x-d/Z)

where x is the distance from the p+ contact. For V<Vd,

portion of thlS solution corresponding to the undepleted region

of the detect.or is not applic<lbl", and the fi••ld i!izero.

Equ;>.tlon1&(")1 =

bec<luse the effect of the ove,.-voltage (V-Vd) is to increase the

field by a constant amount
detecto,.-.The capacitance varleS with the applied bi;>.svolt.age up

to the value at whic:h the det.oictoris fully depleted. In planar

geometry, the detector cap<lcit.anceper unit area prior to the

pOlnt of full depletion is g,ven by
C = ( tPI2V) 1/2
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the detecto~ capacitance is a constant obtained by

setting V=V
d
in equation C = EP/2V. The independence of detecto~

capacitance on applied bias> is> often taken as> an indlcation of

full deple-tlon within the detecto~ •

•eoaH;al geomet~y:

It is pFefe~able to fab~icate HF'Gedetecto~ in cylind~i<:al

form in order to achieve large act,ve volumes. The oute~ surface

of a "yI i nd,..i cal crystal (assLHlIedto be p~type) is commonly

,p~ovided with a I1thium~diffused th,n n+ laye~ to serve as one

ell"ct~icol contact. Bec:ausl" tni:! equlvalE'nt of und~ifted I:ent~al

core of a l:oaHial GelLi) detecto,.. does not .,,,ist in this case, a

second contact mLlstbe p~ovided by remov,ng tnl" cO~e and applying

a p+ contact over the in",.r su~foce. If "'1 and r2 are the inner

and outer radil ~espe<:tiveIy, the depletion voltage is

P!2E

o 0 p
Poisson"s equation takes the form d~0/dr~ + l/r(d0/dr) = - /~.

Applying the bound,,~y condition li!(r2) - 0(~1) = V and solving for

~r)=-d0/dr, the resulting electric field configuratlon is

-(P/20r + ---~~~---~~~-----~----~

OC,

I"N
A

V ~ (eNA/40 (r2~l"t)
= ~~----~ ,.. + ~~----~~~~----~~----~--

"
provided N

A
( the accepto'" concentration ) is a con~tant ove~ the

detector volume.
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where F is the Fano f ••.<:tor, ~ is the energy ne<:e••••ary to <:re••.te

one electron-hole p••.ir and E .s the gamma ray energy.

The contribution of the second term W2~ .s due to incomplete

charge collect,on and is most significant in detectors of large

volume and low average electrlc field. Its magnitude can be

experimentally estlmated by carrying out a serles of FWHM

measurements as the appli.,d volt ••.ge i •• v••ried. If the electric

field could be made lnfin.tely large, the effe<:t of incomplete

charge <:ollection <:ould be redl.L<:edto an .nslgnifi<:""nt lev••l.

Therefore, a plot of the observed FWHMversus th •• re<:iprocal' of

the average electr.c field with.n the detector allows an

e}[tr ••.polation to inf.n.te field cond.tions. The ,"esldual value of

FWHMgiven by the e"tra-pol ••tion .s then assum"d to arise only

fr"oll' the r"m"in1ng two f ••<:tors in P.QL,atl0n

Tho>third f"ctor
-,W~., r"pres"nts the b,.."adening effe<:ts due to th"

"l,,,:lr-oni<: <:omponent5 fClllow.ng the d••t"ctor. It •• magnltude can

be measured by S~Jpplyln9 the oc~tPl,t of a pre<:.slon pulser with a

h.ghly stable alnpl.tude to the pre ••.mplifier and r",cor-ding th",

correspond.ng 1n the pulse height spe<:trum. These

measur'!=l!Ients ShOlLId be made w, th the detector nClrmally connscted

'0 ttl •• preamplif",r, SO that capa<:.tlve lClading

preao,pl,fier" inp"t '" typ'cal "f C:DndltiClns Cinder actual c~se.

Pulse shap'" ••nd t.m.ng:

Hn::! t'iming and pulse shilp,ng pr'opertie" of any dete<:t.or are
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domin"t"d by the sh"p" of the el"",t,'l'" field ",ithin the a",t,ve

valume 2nd th •• dl st"n",e <lV""-",hic:h the charg ••" mu«t be call ected.

The charge <:oll""tion pr<l",ess, I" stand •••...d pulse helght

spe<:t •...os<:opy, it_ is n",ce"sar'y ,for t.h", sl"'ping times of th" puis",

pre,<:",s.;>ng elect. •...,m'L:s to b'" subst.2nt,,,,11y larger th,,,, the

long"st r,s" time lik",ly t.o b•• encountered fr.om the deteLt.Clr if

resolutlCln 11055 due t.o b,,111sti<: def",cd: is t<l b", "v<lided. In

appli<:ations where tlmlng inf<lrmation must be obtained f""Clm t.he

pulse both th", r'lS'" time and the detailed sh,.p", <lf the leading

edg" af t.he pc,lse be<:omeimportant when <:onsid" •...ing vari<lus time

p,,,,k-eff metheds. The ultim",te time "~,,olution ebtain"ble from ",n

HPGedetecte •...is <:riti<:"lly d"'p",nde,"t both en the ove•...••ll average

•...ise time as well ",s signifi<:ant v"riat,on on the pulse shape-

'fnlm event t.o event.

th"t equi valent ci •..."ui t 0' me"'su•...ing

••Ie<:tronic:" pre>s",nts a I",,..ge time <:<In,,tant. <:ompar••d with tl, •• !.,

1"rg ••st •...is •• time produ<:••d by the dete"tor the le"ding edge of

the signal pulse is almo5t ",ntirely d••t ••rmined by th •• details of

the <:h",""ge"oll"'l;;tlan proc:••s$ within t.h•• d••te<:tor. Bec<luse'it 1$

&lways ",dvantageows to h<lve the ••m"llest po••sible r.se ti,n ••,

<:<lnditions are normally sOI.\ght. in whi"h cha •...ge <:olle<:tion o<:<:urs

within th •• m,nimum.po5sible tlln". Fo•...l<lw ••l ••<:tri<: fi ••ld the

velo<:ity increa~es linearly with the fi ••ld ",hi<:h implies a

<:onstant v"lu", fo •...th •••• Iect.ron or hole mobility. At suffi<:ient

h1gh ••Ject •...i<: fields, howev"•..., th" v••lo<:ity <:eases t.o ,n","""'a5"

and approaGhes a <:onstant. saturation v"lue for el ••c:tron 1n

g"rm"n1um at 77"1 thi" s",tL,ration drift veloeity is appl'"Ol,imately



",,,tur,,ted v",loc:ities for hOlIes is s,mil",r but req",ir"e,;; a m,n,mum

fi",ld 0'

ar",. th"' •.."'fo•..•". obta,ned by ope•.."ting the with

th,s magnitude is present eve •..y whe•..e within the ••.ct"v •• volL.,mp..

An HPG", co••.~, ••.l cr"y"tal having 53 cc activ" volum"

Mod"l IGC 8) i,;; Ll""d this

Th" O,.ltpvt puls"s f..-omthe d",tecto..- a..-" ..-"l•••tivl'!ly of small

In handl i ng

impedence,i •••• , a high

c'...-rent.i nt"..-nal

The detectOl'" h••.s "high output~..
•..",,,,,,,,t,,nc:e to"floWAth'" ",lectric:

"l"c:t..-onic: si<,lnals, it 1S impol-tant that the impedence Ip.vp.ls Olf

amplitude.

Th", pw"pOl,"es o'f a pre-ampl1f1"r are thr",e fellds: "(1) to

",mpllfy. if "ec:essi\ry, th", r<!latively" small signals p•..odvced by

th" ,-ad1"tlcn d"tecto..-, (2) tel match 1mp"d"nce levels betw"en th",

det"ct",,- elect..-onlC

clrcv,tr"y and (3) tel shap'" th" s'gnal pulse fo..- optim ••.l

proLessing by the s,",t1Sp.qL.Lentcomponent". In the present co\.tnting

syst"m th" HPGi? detecto..- is mr.n.mt"don the top of

"mphfi "r (huilt-in with the d"tector) and thi? crystal dewer

(liquid nitrog",n de"'''''). 8efo..-" the supply of electroni'" signal

to th" analyse..- for countlog, the signal mc<st be "mplif""d

b'?cii\L.\Si?the ampl,tude of thl! signal coming f..-om the di?tectr.lr

thro, .•gh pr",-amplifie..- is ..-elat1Vp.ly <;m.,ll. Thus an ampl,fier ,s-



~equi~ed to ~mplify the detecto~ signal. Another function of the

ampllfler is to reshape the slowly decay,ng pulses from the pre-

arr,plif..:,r and to i~.pn>ve the elE!ct~Llnic •••gnal-to-noise ~atiLi. A

good ampl.f1e~ should have low input noise and high gain factor.

For the present study, Canbe~~a, USA, Model 2022 amplifle~ is

used. It has all the characterist,cs necessa~y to make it useful

with HPGedetector. The gain is adjusted th~ough a combination of

CLiarse and fine cont~ols. Its salient fOlate,res include high gain,

low nois", and selectable time con••tants. The galn range,

temperatun> stabil,ty and non-line ••rity specifications In.;,ke It

sUltable fDr- long counting pe~iod.

An "malyser lS used for counting the pulses from the

amplifi ••r W.ttlln a salected voltagE! amplitud •• intervals O~

channels. If this is done few only one channel at a time, the

d"vice .s called a slngle ch••nnel analyser (SCA). A devlce' that

lS capable of analysing pulses s.multan",ously within many

d.fferent. intervals o~ channels is called a multichannel analy»e~-

(~lCA). The main r:ompon.mt of the I~CAis an analog to digital

converter (ADC)which measu~~s and sorts out th", 1ncoming pulses-

acco~ding t.o their amplitudes. The pulse ~mplitud2 ~ange, usually

0-10 volts, is divided by th", ADCinto •• finite number of

discr~te lntervals or channels. The ADCconverts an analog signal

(voltage o~ pulse amplitude), which has an infinite number of

possible di'fferent values, into a digital one (chann",l number~,

which has a finite number of integer valu"'s. In ou~ system an MCA

of 4000 r:h.:lnnels, Model C~nberra, USA, Serles 40 1S used.



oper ••.tion whi~h ,~ c••.lled the detector bi ••.s.

high vOlt ••.ge for

sL'pplY voltage electron

multiplication l.n t.hO! HPG" cryst",ls. It. ",Iso converts th"

alternating volt ••.g•• p,.ovided by the line SOL,re:",into ••. dirO!ct

current volt.~g"'. In the present sy"tO!m j:he C"mberra, USA, 2012

det.ector bi'''' vDltnge l.5 w;ed. The vol t ••.ges "r" sele<:ted,

10 tLwn direct read,ng pDt.!;",tiometers.

polarity is <:ontroll",d by a front pann",l ~witch. A blo<:k diagram

of HPGe d"tec:tor system ,,,c:luding highvoltag"! 5upply,

••.mplifi",w, ",mpJifier a"d MeAi'" show" in Fiq.'2,.

pre-

r1e",,,ur,,,m,~nts of live fu,h "••.mpl,,,,., il,volve a large volumes.

"d,,'tector to "••.mple"

geometry to ma",m,ze the counting effir.:iE>ncy. Henc",

count,ng of f'sh and the count.ng of pas5ive biolog,<:al

1i ve

"maple,
,
PC)t <]eomet,-y "nd pet,- i d'5h gecmetry W<i're<:ho"en ,-e"pec:t i vel y for

better eff.c:i<-mc:y. This design shoc,ld bOlne"rly L1ptiml.lmin term"

••.ctive volumE>. 1/2 litre <:apacity pot, fabric:"t ••d fl'"Dm rDcally

••.vallabl" pla5tic: was ~,sed "I'" livOl 5ample c:ontainel'" <Fig.;;S:l. A

fi" ••d geometry is ma't;ltain",d fOIl'"c:oLlnting the 137Cs ac:t,vity

th,.cugrl elut the measurements. F,g. (4) 5!l0.J5 the a<:tual

maintained in l,ve f'sh <:Llunting. The pass.ve biclcgic:"l

w".-.. <:ounted u,",ng plastic petridi"hes.

geom"try

",••.mples

A f'X"d geLlm",tl'"Ywas ma.nt",ned for <:ount,ng ••.11 1i ve_

•



In order to u'Se this 'System, th", lJasic p",r-fLlr-mance

"tudies on v",r-iol.'s pC\r-C\meters, e,q., operC\ting voltC\ge, lower and

uppe •.. lev ••l discriminatim.s., ene •..gy calib •..ation, relative and

ab501ute effic,enc:i"'" of the d",tector' "Y5tem fo •.. VarlOUS 'Sample

volvmes we"", ca •..•..i"'d ovt. The efficiem:y of the detect"r is

mainly depend ••nt on the energy of

det"c:tor g••"m",t•..y. The pot geometry ",nd p••t •..idi'Sh g••"m••try w•••..e

_ ~~_ ~... A'~ ~- -~" _, 137c.~ ,-~ ~"'.''1 ~,,'" "LUUY. " ~"own ac:",v,~, wT W~" cO> form

of sLllution wa'S ",dded to 150 gm of dry flSh powd•••..<lnd the ''S",mple

long time. To ch"cH the hom"ger",ity of m1xing, the 'S",mple" were'

divided into five subsamples of equal weight contained ''1 five

pla'Stic pet •..,dishes and each sub'S",mple. Wa" counted

with identical gf'om"tr-y.' Th" counts for 200s fo •.. eac:h subsampl ••

we,-e found <lPP",oHimat",ly the samG.

On" subsample was th ••n pou•..ed int.o a plastic pot and the

geometry W<lSmade similar to that actually t"'Hen by '" live fish

''1 that pot "nd the co~mts WI'!,"et"ken for 3005. The peak a•..ea

",ounts wer-e c:omputed "\5ing an inbLlllt mic:•..op•..oc:••ssor. The

efficiency wa'S calcualced by dividing the obtained c:ount rate by

the r"te of disintegration of th.. st",nd", •..d sample. Ha.ving

dete •..mined the eff,c:,enc:y of ","ch geometry us"d 1n th" study. the

"c:tlVlty of the live s"mple of diffe •..ent fish "pecies wa'S

mea.su•..ed throughout the dm-ation of the "Hper1ment. Having

d",term1ned the integral <::ounts unde •.. th •• \l<lmm••.ene"'gy pe",k", the

detecto •.. by the following •..elation;



,0 c , ,f (lOlp}

whe,e, A 0 Activity , c dp"

C " F'eak ar",a 'c C'"
E(EJ '" Effici"n",y pf te,,, d"t",c:tor ",t ",o",rgy E (MeV) and

Photon "mi,;"iofl p"':lb••.bility Ott energy E(M"V).
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CHAPTER ::;
THEORY FO~ ERRORS IN ~ EXPERIMENT

E~perlment ••l observ ••tions ••l •.•••ys have lnac:c:urac:ies. In using

numbers,whic:h re$ult from e"perimental observ ••tions, it ls almost

alw••ys nl"LI'!Ssary to know th~ ",,,tent' of thes •• inaLcuraci,,,;. If

s ••v•••..al obs •••..vations a•..••used to ",o"'pute •• re"R,lt, one must know

riLl" the In,,,c:,,,\J•..a<;i~s Llf the lndividual obSe•..v••t1ons ",ontr1bwte to

the lna.ccu •..acy of the '•..e<;,ult. If on", 1$ comp•.•ring a number ba.s••d

on •.•th"oretical predi<;tion with anI'! based on experim ••nt, it )s

ne<;essary to kno•.•somethlng about the accuraCl"$ of bath of th ••se

If or,~ is to say .mythlng about whC!ther or not they

ag"""'. It on", h",s some "no•.•1"dg•• of th •• "'t.••.t.lstic:al beh ••viour of

",,-rors of obse.-v •.•tion, it lS pften p",ssib1e to reduce the effect

of th ••se un<;ertiilinties on the fin",l •.•~sult.

The e.-ror of •.• measu.-ement is the devi ••.tion o~ the

m"'iilsur-ement fr.om its nor-mal value. Nor-mally the,...e are t •.•o types

of "r-r-or-s: (i) Systematic: er-rO"'S and (iil Random e"'I'"l:lr-s.

f

malfunc:tlon1ng of equipment, etc:, It prodl,,::es results

that diff",r c:onsistantly fr-om the c:or-r-ect ones by scme fixed

",mount. The some ,-",sl,lt may be "btained in """peated measurements

althou<)h It is •.•wr-ong ,-esult to some extent.

Th•• r-andon! "r-ror-s, s"metimes, called unc,.,...talnty -_in the

measur-em••nts, •.•r-e variat,ons in r-esult,s f,...o,"one measurement to

the nfi!"t. It can not be eliminated completely •.•Ithough it is

possible to miniml"" 1t by <;al'"l~fulme••surl?ment t ••C:~lniqu••, rl?fixed



instr-umentat,on, personal slt111ness, etc. Th•• terms ",ccuracy and

preclslon ",re often used to distinguish ~etween systematlc and

random ••rror-s. If '" measurement h",s small systematic errors, the

measurement has high accu~acy and if small random "rrors, then it

has h'gh precision.

error- pr-edH:tion, The range of ,ndividual

measur-ements from the aver-age value of a ser-ies 6f measu..-ements

desc..-,bes the p..-ecision 0..- ..-eproducibility. It is des.gnated by

the- standard d••vi ••.tion (,.) value,

wh"r••, n is the <lverag•• value for a s ••ri"s of m••asure;ments. If

only one measured value n is av."lable then the "t",ndard

deviation may be estimated as ~ by assuming that the v.lwe n

..-epresents the mean.

~

In a normal distr-ibut.on 68.3 percent of all measured values

fall wlthin ;!::l"'on eithe..- sid" of th •• m••an, 95.5% within +2•••.•.",nd

99.7% wlthin limlts of :!:3"'"

Th•• standard dev,,,tion is some tlmes used to charact ••riz~th ••

spread or dlSper-sion of the measurements. The stand",rd deviation

c"n "Iso b•• referred to a$ th" root-m"an-sqw"re d••vi"tion, .n

that ,t is th •• squar" r-oot of th •• mean of th •• ~quar ••s of the

devi ••.tions.

For- a set of exp"riment

1

N

N
L (ni
i=l

~,~ c,
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",h<.>rl>N 1S th", number of m",,,sur••m,,nt,, from ••hlch th •• lOampl.. me"'n

n is determined and ni represents the indlVidual m••asur ••ment. The

quantity N is termed the "m,mber of degrees of fr ••",dom". O"-i/.lways

has the same un1t as the n1 and it is al ••ays positive, because

,-any negative r ••sidualS"elimlnated by squaring the each deViation,

(ni - n). The square af the standard delVlation, ~ is call ••d th ••

variance of the set of observatians.

The fractlanal standard deviation is defined as the r",tlo of

the- standard deviation to the mean ';2 . "lhe percent standard

devi ati an i.
~

deflned alO ( n ) x 1001.. The st •••ndard

dev,a.tion is al ••ays a pure numb"r (••ithout units).

Precislon of caunt rate,

The estimated standard devlation ue of a caunt rate lS,

where "" is the est1mated standard deviation of a count nand t

,s the counhng time.

Since c;...'" rr:;, therefare [nIt

••h••re t '" counting tim •••

AccumL,lat.ion of Errors,

If th •• preC:1S10n ~f nuo,bers i. and B 's demoted by standard

deviatlans ua and db'then th" standard d"Vlations of resc,lts af

arithmatic' op"ratlans invoivlng A and B may be c[lmputed u$ing the

expre$$ions in the follo ••,ng table.
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T"hi •• 1. Rf;'o;ulto;of Arlthm"tic op••r"tions with Numb",rs
(The prec",;ion of A "nd 8 is described by the
devi ati on" c:ra ""d "1)

A ",,<1 B.
st""d"rd

----,-------------------------,------------------------------------
Aritl'1m"tic
op",r",tio"

S",co"d
No.~~~~~~~~----------~:--~----:-----~~-;;------~~:~~;R~~-~~)~--

Subtr",ctio" At. a-; B~ t1b' (A-.B)~J(.~)'-+ (-'t)':

Muitiplic:"tlon A~ r;--; X -B+ Vb' (AB)[l~J(~t+(-~t 1
~~~:~~,~~ ~~__~ ~ ~=_O} ~~~~:::=!.@)~j"_j11~?
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CHAPTER 6

~' "~ 137, 'raul<:lnUCL''''''. ". OT into

the "'''p",,.iment<,l AquArium. The 1~~7C5"A"; obt"",n",d f..-om Amersh",m,

Uk ,n tl,e form of '0
ensure homogeneous mi""ng of 137Cs with th", w"ter.

The e"p"..-,ment,,1 gl"s$ of 6 mm

tl"c~ness f,."m",d by old iran strw:tL',. ••. The ja~nts we,.", gLllnmed

wit,h "oke pitch m"t"'l""l",ls. The aqu",r'~," ""',.'" cubic<ll in "hap'"

having th", dim••n"ion of 1.Om ~ 0.5m" 0.5m. Fig.l ••hows the

det"il", of the aqua,.ium. In ortl",r to malnt",,, the vole\m•• of "ater

in th", aqelarlum l:onstant, f..-"•.,h tap w"ter WaS supplied from tim ••

to t,m8. Bef,,,..-,,-,the ,.pl",,,,,,,, of f~she5 ,,,to th", .-",dioact,Y" w"te,.,

'" the! aqL,a,-"um, " ;;"""''''5 of ",,,p••rim,,nts wer., pm"fo,.m",d to fi"d

'JUt th", "I:lO$.-ption of by "quar, um m"t~'..-1",15. An amount 0'
ToeHPG",mea5ur"d

100 ml "f ,.atliaa",tlv", wate," was talc"n from th" aq"",r1LH" and the

1~,7cs••c:tlvity of

radio",c:tivi ti"5 w"r •• ,"",asured tWl<:" .~ w••"k ov".- a p••riod of "n",

month.

by the> acquarie,m

Til'! pH of .-"d,oact.,ve> w"t"" was m",ase,.-"d em"e a w",ek

,for one mont.h. Dur'ing the ",'p,",-,m••nt i:he pH v<'\lu,"" c:harig••d fnJm

6.64 to 9.14 ""d flnally d"c:.-e<>,sedt.o 8.44.

A t.ut."l of 15 'Mi'lgur', ttl '5'''ghi', 9 >~,(Ji> and 5

••qua,", L,m th.. c:on<:lusion



e"perim,,,,,t with thes" MagL''''-and Slnghi flshes new ",xperiments

w",,...e ,;ta,...ted with K01 and Soiel fir-h""". Koi and Soi",l we,...e kept

,,' the aqUi\"",umn<l.l and aqe,,,,...iumno.2 respec;t.vely. All fishes

were "cclimati""d for 30 d"ys under id"",ti<:al e" per-i mental

<:onditi Lln5. To facillt",te rap"d capture of f1Shes from the

aquar1um, each group <lf fishes of each species was placed

the aq,;arlum in pl",stic "'''1'''"' Df commondlmension of 0.37m H

0.28m" 0.25m. E""h aqu",ric\m <:ont"in"d thr,,,,, such plasti<: c"ges.

The <:ag'''' we,...",placed 0" the bottom of the "'quar1c,m "Old "bout

two-thi,..-d of t.h" "age was fill"d with 137Cs sp"ked wat."r.

,
The fis~1es wer" f,~d with slic",d shrimp boiled w1th hot

w",te,.... The ot.her flOod stuff like worms, cm.ns, <lil cake w •• ,...•• also

"uppli ••d as 'food, b"t thl" m",jar food item was sh,-imp.

,feed w",re dlre<:tly put int.o the '-"'quari,,,

r-e"idu",ls of the foo,j stuff were remov••d by conv!"nt.iDnal methods

by adopting ",deq\.I",te r-",diation s",fp.ty me'lsu,...es. The random and

r""pid ,nolion of the fish",,,, ,nt", tl',,, ",ater ensure the mi~ing of

en.,\.\r•• the presence o'f oxygen ,n the wat!"r at normal

However, Co

••.i," pump.

Aft ••r a few days "lgea of qr ••••n colour formed and other

",at",r turned tcwbid. H,e,;e n••c••ssi",ted filter,ng thE' wate, .. Two

typ"s of ,",ater filt.ers were LIS",d. the conv!"ntlDnal wat",,... filt.,r

amount.



of w~ter w~s com~letly filtered by us.ng a specially designed
'C

filter bed. Successive layers of the bed were made by stone and

brlc~ ChlPS of different Slzes ~nd ordinary and coarse sand.

Stone chips of large sizes were poured .nta a PVCpipe of
91. 34

co, long X 7.61. COl'd1ameter which stood at the bottom of the p.p ••

at v••rtical position. Upon thIS stone bed, brick chips of
very

small
sizes were placed. Then the sand beds were made. Upon the

s••nd b••d two other different beds (one br-icl< and another stone

werl? also I?r"c:eted. A $chematll: d.agr",m of the fi.ltEr
made)

Fig.3 ",hows the photgr'aph of the actual

exp",rimental Sl?tl.lp.

Upon fdt.erIng, tho, radioactivity of the water soiut,on was

bec"us",' CsCl ha,;; strong affH,ity of mix1ng "Hth t.he

radioactiv,ty was .co~\pens"ted by fl.,rt.her addit.On of

reduced,n t.he water.alge"" "tc.

IT/CsC1
",t.O the w"ter "nd mea,"uring t.he radioa<:tivity at

diffe"..ent st",g~s.

FIshes were withdr"wn from the aquarium containing 137Cs and

.washed with 4-5 l>trfOs of fresh t"p water in a plastlc bL.lc:ket

with proper rinsing i" order t.o d"contaminate the superflciaily

"t.t"ch ••d 137C,"on th" outer layer of fish skin pulps. Since CsCl

is highly solubl •• in water, the washing was repe"ted 3 to 4 times

to eTlsur" compl"t.e decont8min8tion of superficially attached

CsCl.
80me flshes wer" measured for 137c," ac:tlvity bet ore "nd

Olft",r til" rinsing ",t cOT'lst"nt '.Ieom<i!t.,.y.Th•• resultiO are ,.hown in

T"ble 1..



Eac:h lndlYldual fish WaSp"ured ln pl",,;;tic: pat af d.fferent

';;lzes to ac:<:ommodat"the fi$hl'!s of di'ff"',.-"'nt "i""s. E",<:hpot •••ith

indivldu",l fish <:ont••.in",d in'it •••as pla"ed an the HPG•• dete<:tar

for taving the whole body (Iiv",) L:Llunting far 200 s. The COLmting

•••a,-, repe"ted thr",e tim"'" and the me,,," cf three readings waS

After- t"klflg the cocmts for every fish of a gr-.oup,

me"n count ,'",t", was det",rmined for e«<:h grLlup with an!'! ,;;tandard

deviatlon th", e"perlment.. wer-e

c:ontlncmd fLlr- 21 days after wh,,:h \.Isually most of the fishes

di",d. FOIC ':01 "nd Soiel the ",>'per'ment" w",re c:ontinued for 37

After th •• c",,,,sation of upt.",ke e~per-im••nts some fishes of ",11

specie~, w"'n" s"er,f,e",d and boil"d individually with fr",sh water

at nearly lO')"'C in or-der to help proper s ••greg;;\tion of edlble and

non-edible p"rt,;;_ These p",r-t" w",-e kept in pl,1st,e p"Lridishes of

ident,e"l ,;;,~e and me",sur-ed for 137Cs actlvity_ The distribution

Ic;7Cs i" edible and non-edible p"rts of the fish was

determined f,.-omthese me"sur",ments.

Koi fishes af

Aft",,.-
afte,.- :;:\7

d"ys of

days

I 1-7",,,p,,,"ur,,, to -' Cs, throe",,
of e"po$ur'e to 1:;:\7Cs "i"

'Singhi' f, sh",s

'"thefrOm

different lEmgt.h$ "",d weights and one Soiel fish we,ce remov"d,~,
~ Cs ••pi ked water at " time for retent,"n ••tudies.

thi,;; study. 'Singh,- fisl,es wer-e rel",,,,sed lndlvidually into

plastic: bu<:~<,t,swhich c:ontained 3 to 4 litres of fresh tap water,

and the \':oi and 80i,,1 fi5hes we,,, kept ''1 different aq\.\arium

whi"h c:ont""ned 24 to 30 litr"',-, fre5h t"p water. Thu,;; every Koi

fish h"s 3 to 4 litres of fresh wate,.- and every Soiel fl,;;h ha•• 24



30 litres of fresh water. The w"t"'r was ch"nged at " regc<lar

f,shes were counted alive for

r"'lularly ,~,constant geometry adopted for

whole

each

body

spec:i es

fishes) ,n order to determine the elimination beh••.viour of

from the flShes_

T"ble I. Counts of radioactive aqu<lricHn"'Olter tak"m at different
tlmes (counting time: 2(05)-

ElOlsped tlme
(dOlyl

Counts/l00 ml o'f "'Olter

---------_._--------------------------------------------------------, 1271.7:!::55

3 12080+75

8 12647,"56

" 12153:!::45

>5 12430+166

" 12644:!::10

21. 12512:!::32

~===="'==============================="'========================"''''="

l"ble 2. Counts of f15h taken before and 'after rinsing
(counting time: 2005).

====~~~~~========================================================
Live fish
""mple

Counts before
rinsing

Counts "ftC!r
rln!nng

------------------------------,------------------------------------ ., 6857:,"_20 6750:!::98
, 4363:t.26 4107:!::43
, 9689:>:-491. 9188!.29
, 5038:>:-15 4812:<.:1313
, 18443:<:.94 16406:!::114



The aquaria (two for' radioactive water and one for fresh

were placed in a restrictEd arEa located atwater)

which Ensured the a.mbient conditions. i.e.,

INST la.••n

normal

temperature. pressure, humidity, l.ght, etc. Arrangement was made

for n.ght time ille\mination <\s a.nd whomnecessa.ry. A smaI-I

wa.s erected beside the aquari<\ providing a table, one cha.r and a

stool under the roof. for handl,ng, manipellation of the- samples,

feeding the fIshes, recording the data and for miscellaneouS

works.

10 prev"",t the I"v,pl"r.ml-,.-,talset up from exc ••ss;,,,e or direct

sunl.ght ond rain, undesired dust/other particles falling from

tf\e atm""phere and dew at night, the entire experimental set up

was roofed with canvass.

To colle"t the rad,oactiv" waste pr'odu"ed from the OIqu"r;'Um

hou5e. waste ma.nageo,ent equip,nent sl.\L:has remote handling tongs

dlsposable hand glo"es and the plast.c/galvanised tin drums for

s",fely storll'9 the wastes w"re ,.sed.

8 numb"r 0+ plastic buc~et. nylon net, 12 nun,ber of plastic

pot of dl'fferent sizes for ml"asurement of rad,oacti".ty in the

live sample were used. The plastlC buckets were used for proper

r,nsing of the fIshes before the counting. The nylon net was used

to »revent f."h.,s from jumping out from the aquaria.

Arrangement', were mad., for supply of fresh water' to the

Arrangements were also made for cDIle~tion of non-

rad,Qactl" •• wastes in LOUr~" of the experiment.



All works perta,ning to radiation prote~tion were performed

und"r the direct setp",.vision of the Divisional Head of the Health

Phys,~" and Rad,,,,t,o" F'rotection D,v,s,on, INST, AERE, Savar. The

radiat,on area was marked by the standard trlfoll symbol. All

aquaria filled with radioactive water were properly marked with

symbols for radio<lct'II'" materials. Dr.umsfor collecting/storing

radioactiv", "Jast",s WE're also marked with th", "ymbols for

rad,02<:tive materi",l" ,,"s per internation"l no,.ms "nd pr"ctic"!s.

The r",diatiLlr\ worb.rs werE' provided with P.M.' film badges

an<1 poc~et doslm",t",r" to "!v"luat", the dos"! recelv ••d during the

Lourse of ",'p ••rlment. To Keep the received do"" to a m,n,mal, the

rad'O<lctive materi"ls were ~,andled from a s•..•f", di"tanc", by remote

h••••dling tongs. To pr"lIent internal contamination of the relellent

radiation wClrkers the following radiat"o" protect.lon and safety

gU1del,nes were followed during t.he course of

within the e"perimental ~on<?:

the experi ment

a) No eating, drlnking or smo!;ing.

b) No mouth <operOttions.

c) Any w,,,,nd, if present on the body w;as'covered with wat••r

proof dres,",ng.

Ordin"ry handkerch ••if w"s not used;

towel, tissue p"p~r , etc. wer•• used.

eJ Dlspo,;;able glov ••s were used in all

"'''per i ment.•

disposable duste'"

t,m",,;; during the

.-

St"nd"rd 2nd adequate hous", keeping was mainta,ned and the

prot",ctive clothes/shoes were used by the radiation workers.



T",o typ"''' of low l!?v!?l r<ldioc,,:t.ivp. "'."st•••• (solid and Iiql.lid)

w",re produc.,d. Th., solid wast",s con"ist.,d of the contamlnated

fl"h, filter paper5, di5po5able

c:loths, towels ,,,,d same consumClble items, such CIS,

pertridish, syring"', etc. The w""t",,, wer!? properly coll",ct",d into

galvani."",d iron drLlmof abo\Jt 0.04 m3 volume for interim

The liquid wastes were ~ollect.,d into plastic drums of about

0.08 m~'voluml? The liquld w",ste from rinslng the contaminat ••d

fish wClSof ver'y lDWl",v"l. After th" 1"vel of radioactivity of

l,quid wast" comlng dm.", to a silf •• level by 'd.llay', 'dEcay' and

'dilutlon' t.he "arne WilSdisLI,ar'ged lnto the local sewer by

pn'per1y ,"vClluating t.h" safety aspects >"1<I"c:ord2nc:p. w1th the

,nter,,,.tional norm",.
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FIG.1(a) THE MAIN AQUARIUM ( glass t~iekneas 6em.)

FIG.1(b) THE AQUARIUM STAND.

FIG.1 THE SCHmATIC DIAGRAM OF AQUARIUt" USED IN THE
EXPERH'!ENT.
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FliJ"~\'.C,), -the fl','W"'''' sl,owi,,\! the ••quar-Ium (1.00",}[ O.5\lm" (l.:";um)
on th" "t"nd 10.75m I,,,; ght). Th", gla'Os <,h""t. u"",d '; 5
').'/'6m thi,_,. Tim ,'l""tic cag"'., i'l'-,ide t.he "''-lLwr'lun, ,,\,.-'"
t,,, f"<:iIJ~,,t.PfD'" c:C\tC"l11nU _'flU ide,-,tifi""'.ll.l" u{ th"
i'O<i'lc,e,. 'Til" k,"ol..,.,,-, piller" ""'''.n' L1,e «quii'r",m "".Co' usen
I-,D."A I h(~ e:",,'W"'" t "fit I;IV'''- thee '''1''",,'-'','m.
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CHAPTER 7

The det""l"d "'''p'' •...'o'''nt'''l dAtA and •...es~llts "'.-" shown th •...ougl'

'r",bles

Lind",.. the scope of this study ",nd Table 2 gives the ;nfo •...m"'t;on

about the g.-ouping ",nd si~.> me"«u,',",n,,nts of the fi"h "peeie«

under- lnvesiigatio". E"ch sp"t:il'!s of the fish was divid"d , nto

th.-ee q'-oups, namely, group 1 (1"'''';)'' 5i~,,), gl"OUP2 (int".-mp.d"",t"

""d 'd.-oup 3 (sm",11 ,>.~e). 1.\tot,,] '~ragu.-. ,

9 'r"Ol, "nd 5 '5,,; ••1 fish ••" WerE'taken in this study.

In thp. f,.-st ph,_",,,, ""f-Jeriments on M"'\-II.''-",nd S,nohi fishes were

cc,,,du,,ted simultaneously and In th" ,,;"c<,"d phase, e"periments on

"nd S",i••l fishes ",erG p.,.-fo •..."'''d ;;''''ult •••.''eously. TO-. IS7c",e "

cLlncent'~c\iion -fo.- rp."p.,ct,v,," fish '"1-'""i,,'5 and the aver"'gl? weight

Tables 4 to 7 "how th" biCla<:<:umulat,on f2"tocs>

BF" for

, "0

~"Cs b', til", L"",,,ern,,,d fish speL"'''' at diff""'e,,t "~POSLLr-Et.imes

from 1.h", 137C" "pil'''d wi\t~-,r. T2ble 4 "how," til", d"t" "Ii:

'M"gur" fL"h for fiv" s2mpl,ng p.,•...u:lds ,,,,,d T",ble 5 qivp.s th., d"t"

of 8Fs for 'Singhl' f,sh for four s"mpling pe,-,ods. T",bl"s-6",

19 sampl"", for I<oi fi",h 2"d

t"hll'! 7 st,,,,ds for thos., of 50",,1 fi",h;

S2mpling p""-1od.

also for- the samp.

ColUion ~,oj' t.he T",bJ"s II>",nd 5 """j c:"lumn :2 of r",bl.,s

6"', 6b, 6<: "nd 7 show the m""n counts wltl, 'Jne ••t"nd2rd devl,,,t,on

e"p.-p.ssed ,n "ps [If " "hell'! bc,dy fish 2veraged OlVer'-, grLlup of "

f,sh ;,p,~c:i••",. Column 4 of the> T"bl",; 4 and 5 and column;;; of tl,e
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Blng!". ~,Lll",nd Soie1 fish 5pecies. MOr-f'ov"'., the curVes for ",,,:h

5PECi"'s indic",te th",t the upt",ke af 137Cs lnltl.e.lly increases

rap,dly followed by "more gr<ldu"l

st",ady :;;t••.te concentr"tit'" c:ould st,ll net be re<lch",d ",t the end

of this eHperimp.nt. The upt<lk•• of r"dionclcl"le may be d",fined ""

the increase elf bio<lr.:r.:cHncliationf",r.:tor with time. It is also

evident that the uptakp- rates "re differ ••nt for different fish

The upt",k", r ••.tes obs"rv",d ",re shQwn l'1 dec:re",sing al.der

rabo ",Oli ) singhi ~'M"9ur Soiel. Ag••.in the upt"k" r"tes differ

•.•ith thn 5i"e of the fish, .ntermedi",te s1~", lOf

,,,:cuo,u1,,,tes 137Cs mar" than th", other two "ize" (i •••. small

1arg'" sizP'j. 1'h", BFs reptwted her" are for whQle beldy of f,,,he,,.

Sine," <::drH:entratio" of C""",wn does nOlt v"ry great1y "mong thE

'flEsh or- whole bddy, bioaccumu1"tion fac:tors mentioned

may "'pply t.o other org"n(5J "'0 well.

T"bl",,, 8 to 10 ,.epresent th", d"ti.! fo'. biellogici.!l ••liminatior"1

Cs..137 frtlm te,,,, Sir'gili, and SOli••1

r.,spet:tive1y. 8as",d upon the data cOntain~d in Tables 8 to 10,

HI" I:L..-vesfor effective half-liv"s drawn .n the Figs.5,'6 and 7

il1ustr",t", the 9"n"r,,1 p",ttern fOle biologi""l elimination Qf

137Cs by the <::oncerned flSh speci",s. The 137Cs counts remaining

,n th" whol•• body ",t the different t.me per,od" after tran"fer to

non-r",dloactive •.•"to',. were plotted on iii s",mi log paper tQ Shell"

the r"t", "f loss from biological elimination. The slopes of th"se

curv",s showed th"t only dn", r"t •• of 105S lS lnvo1ved. The slopes

of th", "urves are s.mply tl,,, eff""tlve el1mlnation con"tants

1\ (••f f)' whir.:h '""y be ""pr"s'5ed ,,"SInA
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is f oc<ndto b",':\,("ff )

'\<eff) '" onA1 - InA2)/(t2-t1).

The effective half-live T1/2(eff) is calculated by using the

.formula "t/2 eff = 0.693/ ?,-(p.ff) " The A(eff) and the half-l i fe

represent the quant1t)tes usually des'gnated as

eliminati,m r"ate Or"b,ologica1 half-lives which ,ndicate thE'

r"ates ",t which radionuclldp. illcorporated into th" t,ss\.,,,,s Or"

whole body ar"!'! "~C:r"etE"d. Table 11 shows the valuE"s of

eff",ctive half-lives of the 51nghi,l(oi alld 50iel f1Sh as

obtained fr"om the cUrV!'!Sof Figs. 5, 6 and 7 resp!'1ctively. The

eff!'!ctiv", half-l1ves ar"e found to var"Y "'~long tho> fish specles but.

they do not var"Ywith the siz",s of the fish species . The 1ar"gO'

two sizes

•t
I<oi f,shAsmal1 si~e fr""m the other

(TabiR 11) i""'y be pr"bably due to th!'! exper,ml'!ntal

The effective half-lives ar'" found to be 33.60~3"53,

151.:'7+10.18 and 217.04,;:8.87 days f",. 'Singhi', '1<01' and'S"i ••I'

The h~lf-llfe of M~gur fish c~n not be

calculated due to accident~l dE'aths of all

wh,l •• condLte:ting tins experiment on half-lif!'! ..

thl'! Magur f1shes

S,nghi,

12 shows th'! t1';;';;Lledistribc\tion of 137Cs

a•..•d Soi"l. Du'! tel acciderit"l deat.hs of

,e M"gLlr" ,

fishes exc'!pt ono, data fOr" only on•• specimen is given.

••dible par"ts (bone, 9,llfl"p", p••.lps, vi.sceral mass et.c.) It 1S

difficult to 'Oeparate t.he F.diblp. p"..-ts completely from H,•• bon'! -

spet:ially from the bon•• of' head port10n,;;. Perc<=ntage,;; of 137Cs in

",dibl •• parts ••r"" foe,nd t.o be 87.20~5.06, 85.03~4"23, 76.65+3.88



.88. :::J, :l: 5i "ghl , .00 Soi,,1

-

.-."sp",ct.vely; the ma,,"mumpercentage being in Soiel (~88%)

the mln,mum 1" K01 (~761.)_

while

Til" effectlVp. retention tim" 15 influp.nced by biological and

physical half-lives. Th" blologi~al half-l if" may b" calculated

by th" fo,-mula

T1/2(effJ ~ TlI:'(Elio) x T1!2(F'hy) I Tli2(Bio)+Tl/2(F'hY) ,.,

Environmental conditions sLu::11<!IS temperaturE. humidity, etL:.

,nfluenc", ~adionu~lide retention in fishes conside~ably. Also

",od" Llf aLLLlmul"t,on elf radionuo:lide as wed1 "'$ •...<lte of exc:r",tion

may hay", ",gnifi".ant eff"cts em the e'Hp.r.tiv", half-life.

In the event lOf 1",-g" ",<:"1,, r",dioactive r.:ontamination of th ••

environm,mt with .Cs-137 haYHlg long effsr.:tive half-life Cs-137

would ...-••main '11 th" fish for a longer perlod of t,me and the,s

would con,;;tltute mOlreh",alth ha2a,-d tOl public: via C:Olnsumptlcmof

f i sl, ••" f,-om th", .-.,1",ted envi nmm",nt.

S'.lgg",stu:,,-,s for furth",,' wo.-vs

Th1S 1';; for' t,he fi.-st time th",t th).s type of

been <:«rri",d out in Bangl«desh. De,e to l«<:k

",,,perl-ment,,

of p.-••vious

eontrlbution

eould in, the held. One difficulty

encountered in p,-oeu.-ing the flshes WIth desi.-ed physic:al

c:onditions. Although ple"ty of fishes of identical

«v"il«ble ," the 10e,,1 mar-kets, the fish.,s collec:ted f.-om these

m.R.-~ets do not rem,nn aliv", in th", ,,,:quarium beyond a few days.

Th.. major <:a,.\"""fo".. the p,-emature d",,,,th of fish ••s was observed
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du" to inf",cti""" "f thr.llr "kin, mLiLlth, etc. After

e:",tching fr"m the pond, s •.•"mps, etc., the fisherm"", g",ner",lly

"tore the f,,,hO's o'f v••riou" spee:,.". o,ix",d up t09O'th",r in a

eventu.,lly by struggling "mong them""lv"". There "'''1''' no fish

farm", availabl", in '~he vir.:i1lity "t th"t tlm", f'"<lmwhir.:h th" fish

"pec i e" <l'f ,nterest "ould be c<lller.:ted "s per requlrements.

How"ver, we w"ro; _ ••.bl •• tn c:ollect '3 kg of Singhi ••nd M"gur

free ,from ",11 types of prnb",ble ,nJuries and dis"""",s f,-om the

C•...ese:ent Farmlng Complex, N"l't:h"la, G",,,"pur, Dhak••.. Th" Koi and

,.

Soi ",1 flsh",s we,-e collet:ted by withdrawing all the w.,ter f •...om a

pond lo<:ated in "n lnt",ruor ru,-al are" of the du,tri<:'!: of Dhak••..

Th" flShes ",",',-ecacight ;:<t,dtransported very ca,-efully in ",-der to'

get the fishes free f •...om all types of injurles before sampling.

Inspite of ••.11 possible prec:••.utions, it w"s unfortcln"tely not

possible to keep the flshe'. alive fIJr 10"ger periIJd of tim,,_ The

w••t.er qu"llity r.:oc,ld n"t 10" uniformly m,!lintai"ed du•...ing the

friO'" food stuff, fish ",,,creta. etc_ Th"se orga"ic s~,bst",,,ce we,-e,

r",moved from the wate,- in Of.d(••...to keep the wate.... c:lF.'ar- and

••suitablell.",urv;val_ of th" flsh"5.

Init,ally, th" reading", w",-" not tak",n fa •...Singhi and Magu•...

at m"•...e frequent "nt",rv",15 due t" difficulty 1n counting of -a

large numb"r of fish ",••mpl"s. Oth",r",ise the ,-elevent uptake

c:u,-v",s would hilV'" b""" muc:hbetter ••." fOLlnd in t<ni

fishes.

and Soi el i

From th" expe,-ience", gal ned in this lnvestigatlon, the'



following further worhs on U'e' uptake ""d retention st~\di",s for,

various rad,onu~lides by different fish spe~les of

and marine wat~r ~ommonly ~onsumed by the people of

may be performed in n"ar future:

fresh w",tel""

I. Uptake of radlonUl:lides by the fishes under I",boratory

"nd fl",ld ~onditions ~\sing artificial and miniature ponds.

2. The upt<lke of radioncn::lides in various concentrations by.

the same/id",ntic:al fish specl,es.

3. The upt<lk+:<of radionuclides by fishes in pres",,,c,,, of

V8rlOC\Sq\.\"mtity Llf the cQrresponding stable nucI,des.

After knowing th", biLlaecumulation factors of the varlOus!'
i

radionuc::lides ,or the different f,sh species cQmmQnlyconsumed by

the p<?op1e cf Bangladesh and concentraticn cf respectlve

radicnuclid",s ,n the relev",nt water reserV,our and other

p",ran,••te.'s, the ",nnu"l dose equi v",l.mt ,...eeeived by a stand",...d man,

from the h",b,t of fish c::onsumptlon may be c::al~ulate'd.
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Table 1. ldent,fic"tion of f,sh spec.• R"'.

•

LOLal namE" Engli ••h name Biologl<:al name--~-----------------,---------------------------------------------
. Magur- •

'~,oi.

•SOll;l

cat F'i 5h

Cat Fl<;h

Climbing P"rc:h

Murr"l

Clu~iu5 Batrilchus

Chan"" St~iat"$

Table 2. G..-oclping and 51;:., "";,asur-,,,ments of flSh
based On the,r- lengths and weiqhts.

spee,e ••

Fi sh
gr"Ol.lP

No.of
fishes in
each group

Range of
weight,,,

Range of
length
(em)

Remarks

----------------------------------------------------------~------, 2--------------------,--------_._------------'---------------'--------
Clariu;; , , 139-165 26-28 L"rge Sl;;:'" :

B"tF"ch"c'
('Magm-') 2 2 77-100 22-24 Intermediat •• siz ••

:3 , 35-44 12-16 Small s1ze

HeteF"'pn- , , 79-94 24-25 L",rg" si" "

" '"'' t " "F,-""" 11,,, , , 47-62 22-24 Int" •..m"di at" s,,,.,
('51nghi ') , 5 40-49 18-20 Small si" .,

A"",b"", , 3 60-94 16-19 La"'Q" "'l;,"
Te",tudJfleu",
('r',oi') ~ 3 58-67 12-14 Intermediate 5i.z""

3 3 39""56 9-11 Small size

Channa , , m 30 Large si"e,
Striatus
('Soi ••l > , , 1:57-158 27-28 I"termediate si~e!

c , 98-100 20-22 8m,,11 ';1~"
"
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Table 3. P"I""",ro",t",,-sfor upl..~v", of 137Cs by fish spec:ies.

=====================,~========================================"'==
Fu.h
speci es

Cs-137 conc.
in water

(Bq!ml )

Fish
g'-OL\P

Av",,-age wt.
of fish,,,

Effic:iency of the
detect lOr at the
OCol-tr'ltinggeometry.

-.------------- _ ..------- -----_ .._-_ .._----------,----------------------,
-----,,--_ ...."--------- - --,------ ------ ------_ ..._-----------_ .._ .._-- -----
'11agur'

'Sinqhi'

, 1<0'

'So,''']'

165.56:,:3.97

12'2.87:':0.20

55.15:,:0.47

50.97:,:0.97

, 140. 00:'.',1:~.5 4.~66xI0-3, 90.00:.':7.78 4.166>: 10-~, 40.00:.':3.68 4.166),10--'>

, 85.50:,:5. " 4 c,cco6v10-3.~~" ~, 54.00:,::5.00 ,.~~~:i~=~, 43.80:,:'3.43 ,.
, 73.66:,:20.85 5. 033x l(,-~'. 64.66:,:6. 13 5.033>: 10.':::", 47.00:,:9.00 5.033>: 10-'"

, ----- -----, 158.00:,:0.00 4.266x 10-3, ----- -----

=======,~O';=============================,~_====================="'====

Table 4. Ddt" for uptake of 137Cs by 'M"'gur' fish ",t diff",,-ent
"'''pcsure tim",s.

======================'"''''''''''='''==========='''''''''============="''''''''''==='''==
Fish E"posure
gr'OL\p "lime(day)

AV"''-'''ge
r;OLlnt

I""ate (cp")

ConC:($'mtrat i on
o'f C5-137 in
flSh tiS5W,,,(Bq!g)

8ioac:c:umul",tion
f "ctor.

_.._--------- -_ ..--- -,---- ------------------------------------- ---_ .._-,
'"._---- --- --------_._. __ .._ .._------------- -_.__ ------------ -----------

,

3

, 5.50:,:3.31 9.2090~5.3651 0,0556:,:0.0340
~ ::;:~.Ci4:.!:9.02 56.16672:16.3406 0" ':;:~92:!.O.0990

" 70.822:17.46 118.5'7(.4:,:32.0542 0.7162:,:0.1943'

" 71.78.:t40.00 120.19452:26.9622 O. '7256+0.1637
20 T:'. 62:!.:.7.36 12:~.2586:!:)8. :::::872 o. 7445:t0. 1124

, 3.41+1.02 9.1118:,:2.8321 0.0550:.':0.0171

" 23.5416.43 62. 78:,4!.1"{.9877 Q. 3792:,:0.1090
'6 63.34:,:7.40 168.9470:.':24.5524 1.0205:,:0.1503

" 65.44+2.92 174.5479:,:16.9738 1.0543:':0.1156
'co 7O).~,1"7.88 187. 2699!.26. 5391 1.1311":,:0.1625"

c I. "28:!::0.41 7.6812:!;2.5598 0.0464.:t0.0155

" 6.1:'3:,::0.51 :::;6.9059:,:4.5912 0.2239:,:0.0282<
,16 ;~3.48:,::'"75 143.1229121. 3158 Q. 86'1-4:!:,O.1303 •
Ie 24.44:!.1.65 146.6634:,:16.7540 0.8858:':0; 1033 •

Str.l!1c:".-dd",-~i<lti,ms we,-" c:"1cul"t,,,d fQr n = 4 ,f",.- g.-oup 1,
" = 7 few g'-DUp '2 <lnd n "" ::; for gr.oup 3.



, '

Ta.bl" 5. Data for uptake of 137Cs by 'S,nghi' fish at d,ffer",nt
e;;po,.ur", times.

Fish
grcup

E"pos<lre
time(dayJ

Av",,.-age
count
r-atekps)

Concent,.-",t,on
Df Cs-137 in
fish tissue(Bq/gl

8ioac:cumulation
fa<:tor.

----------------------------------------------"'------_._----------, 2----------------------------,--------------------------------------
~ 4.42+1.06 11.6246~3"c)1:;:;O O. 0949:!:.O.0246,

10 13.45+4.21 36.8752:tl1.8148 1).3011;'::0.0964, " 35.45+8.86 97.0820;:!:25.1564 o.7928:t0. 2054
21, 33.94+6.08 93.0655:.'.:17.7928 0.7600:.'.:0.1453

, 3.39:.'.:1.05 15.0913:.'.:4.8"121 0.1228:.'.:0.0396
'0 11.02:':::;.01 49.0078;'::14.1284 0: 3988:!:O. 1149 /'"

2 17 41.60;'::8.57 184.9184:<::41.7861 1.5049:!:O.3401

" 4t. 60;'::6. 70 184.9407:!:34.3738 1.5051:!:0.2797

, 2.502:0.44 13.7018:<::2.6643 0.11152:0.0216
U. 6.72:<::1.4,;; 37.10'13:<::8.4090 0.302°:'::0.0684, " 21.48+1.76 117.7174:'::.13.3620 0.9581:<::0.1087

" 20.31:'::.0.8-:: 111.3054:<::9.8445 0.9058:<::0.0880

St",nd",rd rJ••vi"tior1 wer" calculated for n '" 4 iOlr gro\Jp 1 .
n '" 7 for g'"'''up 2 and n '" 5 fm- group 3.



Table 6.a. Data for uptake of 137C" by "~~oi' fish of
large s,"-" at different E""posure times.

E"POS,LI'"" A"E"l'"age c:ount
tim.'(dayl rat,,(c:psl

Cs-l::7 concentration
in fish tissuedBq/gl.

Bi oaLcL\mL\l at ion
fac:tol'".

---------,---------------------,--,---------------------------------,
----------"--- -------------------,------------------------ --------,, 1.04:,::0.23 2.964'2:'::1.'1719 0.('537:,::0.0194

::; 3.36:,::').66 8.5235+2.9546 0.1545:,::0.0535

, 3.98:'::0.63 10.0963:,::3.2908 ,).1830=.0.0597

, 4.46:,::0.61 16. ::'~876:,::4.9234 0.2971:<::0.0893,

8 7.47:,::0.94 18.9497+5.9143 0.3413:,::0.1065

'co 9.54:,::1.28 24.2135':<.:7.6401 0.4390:<::0.1385

" 10.47:,::1.59 26.5601:,::8.5965 0.4815:,::0.1559'

" 13.54.:<::1.75 ~.Ij.:::480+10. 7317 0.6228:<::0.1946

" 14.78:,::1.28 H. 5063:<::11.1974 0.6800:<::0.2030

" 14.99.:<::1.77 38.0263+1 t. 7573 0.6895,:<::0.2132.

,co 17.08.:<::1.22 4'~. 3409.:<::12.7590 0.7858.:<::0.2312

n 17.51:<::1.0'1 44.4190.:<::12.9846 0.8054.:<::0.2355"

" 18.66:<::0.94 47.3490:<::13.7301 o. 8585.:!:0.249O

27 18.61':<::0.74 47.2095:<::13.6J.38 0.8560':<:0.2569

n 18.61:<::0.74 47.1968:,::13.6102 o.85::'?:!:'). 24",8-

31 20.77+1.96 52.6763:'::,15.8496 0.9551:!:0.2874

" 22.21:<::1.98 56.3419:!:16.8541 1.0216,:<:0.2992'

36 23. 13.:<::0.86 58.6757j:.16.B985 1.0639:<::.0.3065 '

38 24.62,:<::0.13 62.44291-\ 7.8375 1. t 3'22.:<:0.3233



T",ble b.b. D",t", fLll'" upt",b. of 137Cs by KLll fish Llf
i"t"rmpd,~t" si~e ",t d;ff"rpnt "'''posurE times.'

E"posure AV"I'"age count
tirne(dayJ rate(cps).

Cs-137 com:.ent,.-eltion
in flsh ti'osuP(Eq/g).

Bioaccumulation
fac;t:or.

-----------------------------_._------------'-----------_._-----------, ,
------------_._--------- --- ._._---- - ---------_._---------_._-----------, 1. 28;!::0.22 3.9176+0.7691 0.0710+0.0139

" 3. 78;!::O.78 11.6t46+~,.6445 0.2106+0.'0479

, 4.56:!:.1.:~3 14.0113~:4.3092 0.2540+0.0781

, 7.51:!:.t.48 23. 060tJ:!:.5.0683 O.4181;!::0.0919

8 8.86~:1.55 27.2238+5.4282 <). 4936+0. 0986

10 11.44;!::1.39 ~.5.1513;!::5.4314 0.6373+0.0986.

" 13.03:!:.0.59 40.0~~68:!:.4.2101 0.7259;!::0.oi58

I:::: 16. 42:!:.O.80 50.43782::5.3843 0.9145+0.0973

" 18.062::°.74 55_49232::5.7272 1. 0062=.0. 1042

" 19.31,,2::°.61 59.31782::5.9287 1.07552::0.1078

" 21.82;!:1.2l 67.0456+7.3542 1.2156+0.1337

" 23.:'112::1.86 72. 2~:84:!::8.9179 1. 3098:!::0.1620

2' 24. 79:t.1. 28 76.1868:,::8_2~a5 1. 3814:!::0.1497

2' 25.13:,::1. 74 77.2161;':9_0788 1.4001:!::0.'1650'

2' 26.942::1.77 82. 962:1'!;.9.5548 1.5006+0.17:.3-2

31 27. 48:!::1.96 84.4521:!:.9.9128 1.5~~13:!::<).18<)2

" 28.66=1.91 88.0626:,::10.1965 1-5967+0.1853 '

36 29.08:,::1.20 89.3378+9.2700 1. 6199:!;.0.1664

;';8 31.~~8:!:1.25 96. 4049:!::9.9192 1. 7480:!:0. 1804

======================================~==========================
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Tabl •• 6.<:. Data for uptak •• of 1"J.7Csby kQi Fish Qf
small",,,,, at dlffen;'nt Exposure times.

EYoPOSlWP. Av"r"'9p. c:ounl
timp.(dayJ r."te ((;;ps).

Cs-137 conCEntration
in flsh tlssue (8"/g).

8i oac:c:umc\1at i on
fac:tQr.

------------,-------------------------_."--------------------------,
--------------,-------------"._---------_._'-------------------------,

,
,

"
,

-> ,
'0
"
>3

>5

"'0
"
"
27

"
"
M

36

'8

2.27:,::1.07

6.58~2.65

7.54:<:::2.78'

11.31:<:::4,18

19.58:<:::3.51

24.33:<:::6.38

26.87:,::8.37

28.94!:7.75

29. 18!:7.63

30.02:,::8.96

31.54:,::8.02

:::2.08:<:::8.62

33.00:!:8.93

34.01:,::8.21

35.3'7:,::9.62

38.15:,::6.65

8.96372:4.5402

25.9259:<:::11.5828

29.7084:<:::12.7690

44.5626:<:::],8.5884

51.8518:<:::19.6201

7'7.1473:<:::20.4774

95.8431:,::31.2332

105.8516:,::38.8329

114.0267:<:::41.8329

114.9724:<:::3'7.9229

118.2624:,::42.0651

124.2513:!::39.'7176

126.3987:<:::41.8466

127.7777:,::42.1625

130.0236:,::43.2478

133. 98~.4:,::41.4321

139. 381~:<:::46.5121

141.9621:,::44.5989

150.2955:,::39.1471

0.1625:<:::0.0823

0.4701.:'::0.2101

0.5386:<:::0.'2243

0.8080:<:::0.3371

0.9"102:,::0.3558

1. 3988:,::0.37,15

1.7378:'::.0.5665 .'

1. 91 93:'::.0.7043

2.0765:'::.0,'7587

2.0847:,::0.6365"

2.1443:,::0.6729

2. 2529:!,IJ.7'1IJ6'

2.2919:'::0.'7590
2. 3169:!:.o.7645

'2.3:576:'::.0.7844

2.4294:!,0.7515

2.5273:,::0.8422

2.5741:<::0.8089

2.7252.:'::0.7102.
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Table 7.
1.'7

Data for l.1ptC'tI,eof ,-' C" by 8101511fi"h Qf
int~rmedlate 5i~e at different e~pQ"ure time".

Exposure Ay••rag" <:ocmt
tlme(dayl rate(c:p").

Cs-137 <.onc••ntration
in fi"h tissue(Bq/g).

B1Llaccumulation
factor.

-------------~-----------~~--_.--------~~----------~~-~-----------, ,
--------~--~----------~~-------------~~---------~~--------------, 0.52:,::0.07 O.7714:,::0.1D~~8 0.0151:'::0.0021

• 1.25:,::0.07 1. 82~5:!:l). 1038 0.0353:,::0.0021~,

, 1.16+0.03 2.3886:'::,0.0617 0.0468:,::0.0015

~; 3.14:'::0.08 4.6585:'::0.1260 0.0913:,::0.0030

, 3.48+0.05 5.1555:,::0.0814 0.1011:,::0.0025

10 5.66:,::0.05 8.3972:,::0.0742 0.1647:,::0.0034

" 6. :~5+0. 10 9.4201~0.2299 0.1848:,::0.0057

" 8. 31..!:,O.11 12.3288:'::0. ],557 O. 2418:!:,O.0055

" 9.36:,::0.05 13.8792:'::0.0741 ' 0.272:::::'::0.0054

" 10.39:,::0.21 15.4073:'::0.3114 0.3022:'::0.0084

-20 1~~.57::,:O.16 20.1401::,:0.2597 0.3951::,:0.0091

•• 13.94+0.16 20. 6816<-').2373 0.4057::':0.0090.,.
" ••• 17:,::0.38 21.0303:,::0.5717 0.4126:!:;0.0136

" 15.44::,:0.09 22.8996::,:0. 1334 0.4492:,::0.0189

" 16.89:+.:0.06 25.0509:+.:0.0815 0.4914:,::0.0095

" 19.28:,::0.03 28.6189+0.0371 0.5614:,::0.0107

M 20.72;:0.20 30.7406:,::0.2976 0.6031:'::0.0129

" 2::,.26:'::0.19 37.4761+0.2893 0.7352:,::0.0151

38 23.66:,::0.39 35.0949:,::0.5784 0.6885:,::0.0173



TablE 8. 8ioloQi",,1 ••llmlo"tioo 0+ 137Cs from 'S.ogh1 fish.

------------------- ----------- --------,------------------
Counts/200 s.Elasp",d

tim ••
(day) LargE s.ZE lot ••rmEdi "tE si "E Small siz",
------------------------_ .._------------'-'--------------------------, 7986~33 62342::63

, 74342::69 6151,,105

, 73,H+14 62932::14 3963:!:66

, 1235~.66 6:;522::50 3823:!:57

, 65012::49 5662:>:59 35432::56

10 51~'H2"_46 5297:':,80 3613:<:::12

" 6460;.112 51752::15 3657:>:40

" 6122+45 5196~67 3131:>:67

15 5942:!:32 50172::61 2834:<:::~~5

" 58602".21 46482::81 28182::13

'" 562:'2::26 4:JTJ:;!::38 26412::16

" 5466~90 43222::30 2501.2::55

" 52562::60 4001:!::59 2451:,::13

" 5183+28 3859:t31 :24142::11

" 4800:!:27 3706+83 2317:':,31

" 4504+2() 36782::30 2259+31

" 4281+64 3508j:6:3 2194:,::61

31 4249;:<:23 34882::44 1923:!::50

" 3'/13:!:19 30162::12 2154:!::28

36 39162::28 2917:!::49 1966:!:68

37 3397+58 3063:,::48 20242::19

38 2606+70 3115:t.102 1802::,27

::''f 30126:!:.38 28722::39 1773+109

43 35462".59 26412::30 1736+18
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Table 9. Biological elimination of 137Cs from 'Kol' f,..h.

Count5/200 5.
-~--~----_."--------~-~~--_._------------------~---------Elasped

tlme
(day) Intermed,ate Slze Small 51""
-,---_ ..._-_.------------~_."--,-,---_. __ .-------------~~"------------------
, 4723:,::25 6275:::250

0 4954+17 6503+251

, 492(>~:76 6:>67=,228

13 4647~:244 5869:,::283

" 4439:<;:55 5754:<;::364

'8 4561:<;::68 5469:,::74

20 '1277+35 5597:,::248

22 .,218;':155 5558;':271

" 4(043+280 5442:,::207

2", 4119+205 5364:,::197

" 4147:,::30 5~.95:,::223

,". 4232:,::120 5234:,::341d

34 4109:<:58 5179:,::136

" 3967+50 5289:,::153

~~9 4140,.!:94 5346.:';.368

" 4085+6~, 5174:,::285

" 4148:'::82 :'JIVi.::,::284

" 3929:'::89 5IT':,::315

5(1 40 ~~O:~29 5114:,::280

60 3821;':32 4745:,::297

8';>60:,::429

C"4I 0:'::107

8875+20

8846+57

8622::<.::92

8560:<::111

8278:,::83

,,1286:'::32

8086+235

7940:'::.124

7975:'::10

8231:'::63

8052:<::40

8205;!::62

7929+52

8288+43

4030;':29

8279:,::89

N"t••, Number of fish in lar-g" "ize wa5 3, in intermediate size
"••,,, 2 '-'nd 11>sm,,,ll 5i",;, "''''0 i.
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T",bl", 10. Eielegical elimin",Uon of 137Cs frem 'Selel fish.

------------------------------------------------------------------,--,----------------_."-_."""-"-----,----------------------_._------------
Ela"p",d
time
(day)

Ceunts/20('l •••
-_._------------------------------------------------------

Intermediate ••i~e-----------------------------------------------------------------, 4731:!:7EI
, 4863+32
, 4442+87
, 4400:!:15

13 4295~41

15 4179:!:51

'0 3902+60

" 4000~152

" 4000:!:24

" 4005:!:147

" 3922+114

32 4151:'::.64

" 4(>58:'::.99

" 3843+29

'9 3939:,::40

" 3940:,::142

" 3818:'::.23

'6 3994:'::.24

'0 3994+24

60 3936:!,.10

Not"" NClmberof f'Sh in intermediate si~", wa$ 1. All fi ••hes in
the large and sm",11 Sl~"S aC:C:ldentally died.



"'
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"al"]S
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'aAJ"' "I dnoJo 'salj

~]". U' ~S!I 4].a _]ads
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hbl~ II. Caloulation for "fledlVe hall-lives of f,.h .p~de. (Cont'dl.

FI 5h Curv~ ,,, F,.h ". X-."s, Y-a,!!;, Half-lile Averag~ Av~rag~
~PH-~ach i osh '" ~ar:h tirne '" , '0 "' indiv. hali-lif~ hali-IH~
ci~~. group ," gr oup, (day). scal~, fishldayJ " , group. (day) •

eaoh SP"L1~S, (day I------------------------------------------------------------------------------,
------------------------------------------------------------------------------

369.22 378,34~1I.88

151.n~10.19

141.08~,44

161.45~4,OO

380.00

lbll.70

221.33

205.69

147.23

218.10

385.82

157.00

160.64

142.01

134.00

18.00 8400
31.25 8200

19.00 84(10
45. 00 8000

31. 25 8200
45.00 8000

, 111.25 5600
25.00 540(1,

, 25.00 5400
33.75 5200

43.25 5000
52.50 4800

11.25 4600
15.50 4500

25.25 4300
30.00 4200

30.00 4200
40.00 4000

34.00 4000
11.25 4300

19.00 4200
41,00 3900

51. 25 3800
110,00 3700

•



TablO! 12. Data fer' tisSLIO!disl:IJ,b •..•tlen of the fish specl"'5.

F1Sh ~-ish NC!. Wt. of
sp",c- gro•..•p of edible
f.:leS. in f",hes p", •..t

",,,,eh ,n a (,~I
sp",e,",s.group

Wt. C!f
non-
edible
p"rt,,,

rktiv"ty
in ed,ble
part.
(cps)

Aetivity
in non-
edlble
part
(cps)

Total
ac:ti -
vity.
(c:psj

i:: Qf
",dill1e
part

---- -- "-- --- ---_._- --- -------------------------- ------------------, ,
-- - - ----- -------- ---_._---- --" -- - ------"-- ------------------------_._-

M"gur , , 60.0('
7:'.00

26.00
;,7.00

17548
13Bt>8

267('
3898

202Hl 86.79
17766 78.00

22.2')
29.5(l
30.00
'~,').00

8.50
22.11
7.00

12.10
18.40
1'1. ('0
16.00

1.50
11.1~'i
4.00

10594
12~'41
lU165
102~, I

4244
4243
2528

874
1616
t994
1 "105

'297
274
504

11468
13857
12159
11956

4541
4518
::;032

92.38
88.::'3
83.60
85.00

93.46
93.94
1:r3.35

51"gr.l 1 30. ('0
32.00
28.00
4('.00

11. 10
13.00
16.00
20.00

8724
9656
5512
4824

1498
j 291
1087
n5

102",2 85.:"-4
10946 88.20
6599 83.52
5559 86.77

12.00
13.00
9.00
10.00

5.00
5.50
4.00
5.00

7580
11138
74::::4
8'170

1530
1177
1970
1203

9110
1l:5l5
8404
10\73

83.20
90.44
79.05
88.17

':Oi

'Seeil

,
:'

,

'1.00
8.00

28. c'O
18.00
'26. (")

20.00
11.')0
18.00

89.00

4.00
-::.50

46.00
23.00
:.0.00

23.00
16.00
28.00

31.00

4:'J3EI
371

2655
216~(
2061

2086
2139
2:528

566
113

956
7<8

'"
679
394
851

5104 88.91
484 76.65

-3611 73.52
2855 74.82
2627 78.50

2766 75.42
25:"-:;'84.44
3179 73.21

4455 80.31

~~-."~~=~~===•."''''~='''===""~,~~"'===="''''''''''======'''''''''''''''''''''==="'''''"'''~~===="'''''''~'''
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