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PLUTONIUR.1 IX T H E  AQUATIC E?iVIROKL'MEK\;T 
Its behavlour, distrlbutlon and significance 
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Environmental Studies Section. 
Health Physics Division. 
B h b h a  Atomic Research Centre, 
Trombay, Bombay, 
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The ~ o u l t e  of plutonium CorUmimricn n the en-.ironre?r s discussea 

soils and aqut i :  s x  ace sedin rnts f r o r  rhc 5 0 1 ~ 3 a r  e-,ior 
as an i n  em2i race 3-d s'aha $Dei 3 r e t n  

The fall-dut e err of 
7 1 L t m l u ~  in seaheees r A  nwltc 
,, ra:ioc'rerica' sepapticn US:; 

3cunc en 

e IC:,~ cL 

 be 5e*3 iCs of trace arounts of p l J t o r i v  ~ i i c k ~ r ~ e d  ?a- ue' e 3 r x c w T s  UDC ations into he 
cn-ert of 30rrb \  izrbQur 8a\ *a s  n\esti&ated r detail an? 'le dis iSurim cf RJS ndic- 

i n  differe-t ~ a f 7 C C S  ct t$e ent'rcrmenr - seahater s i l l  SIC 7cnts  orEanirms 3nd .o,a 
The ,urperded Silt and -cttcr sedirenrs of coal a' -a en ha\e beer found o hare - were stucied 

h i p  capac't! for emo\al of i lutoniur ‘ram wawate \earl, 0 0 ;  of the plsonium cets r e r o w d  br 
seeirentr  from silt-lader coastal hater 
abrened 

The interaction 0' plutonlur solution. ard trace plutoniur present i n  the fuel repraemng efFue- i 
,.Irh ea 3 c -e- studied and the 'orra ion cf 5 0 t h  ionic anc non-ionic spec es of plurcniurr bere 
n\estipatet Oganic natter acded to seahater ha1  found t o  innibit h)drolysis and precipirarim or 3ddec 

pu and tLe anionic sDecie5 ' 0 7 C i  incteased w t 5  t i n e  
sedirrerrs conuninared h i t h  p I u t o i * w  showed 'he presence of the element i n  the purified organic fracticr 

the llmitina \slues 
aedin'ent being the malor de?osiror) of rl released Pu needs further stud, to unde-s and its  biological 
and geochenica,  significance 

Th: xcferenttal  uocaLte of plutoriurr bv bert'lic ogaiisr-s -as 

The cxrractim of organic r a t t e r  frorr coastal 

The atetape cmcentrarion of P u  i n  benttic orgar srs f r o r  tne discharge locale i s  onlr 0 0" of 
Biologics' uptake and transport of Pu r r ig ' r r  be lnsigmflcant in coastal areas 

n T R O D b C ?  10s 
haturally occurring plutonium produced as a result of neutron 

absorption of 238t- has been detected in ultra t race  Quantities i n  uranium- 
r x n  minerals only 
results from human activities 
ment as a consequence of (a) nuclear weapon testing, (b) accidental 
re leases ,  and (c) effluent discharges from plutoruum-handling and process*ng 
facrlit-es 

The presence of this element in nature essentiallk 
Plutonium has entered the human environ- 

SOURCES O F  PLlrTO?;IUJI COhTASILXATiO1\' 

Subsequent to the atomic tests  conducted s r c e  1943 plutoruum appeared 
in global fall-out 
by neutron capture of uramum atoms or by the escape of fissrle nuclides 

In nuclear explosions plutonium isotopes can be formed 
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that haze not undergone fission 
242 and 244 were deyected in the a i r b o r r e  debris of the firs '  l a rge-sca le  
thermo-nuclear euplos.on [ I  I ,  the predorr.nan* one be:ng -'laPu 

It has been estimated tha- near l j  325 h.locuries oi 
8 krlocuries of '"PU have beeq deposited a s  a result  of global fal!-oJ 'row 
weapon testing L2 1 On a \\e-ght basis  ?he deposited plutonium bas  oeerl 
calculated to be about 5300 kg (compareo 70 about 300 kg oA rr>r - ' -Cs )  
Thus there  is alreadv a l a r g e  invertor) of plutonium :n the enciro?rrle?* 
f rom this source 

have taken place 
of 2 3 r P ~  (17 kCi) 
depos.tion of  more  23BPu (more than double) than that deposited froni u e?po- 
testing 

handling facrlities can  lead to 'above background' levels  i n  local  eni ror-  
ments [3,41 In a stud) conducted by ESE 4 it \\as reported that aboL* 
98 5 to 99% of the total plutohum contained in the irradiated h e !  e!e-.lenrj 
are generally recovered,  the rema-ring 1 to 1 50; being discharged 70 
waste [j] However s ince  most of the f ission product act.\itJ is conta red 
it was felt  that r e l e a s e s  to  the environment through the effluen-s x g h t  3e 
s m a l l  It has been reported recently thaz the total amount of Pu oischargec 
from \%indscale during the las t  15 y e a r s  1s appro-amatel-. 101 Ci [ 4  aid 
probably about 0 3% of the plutonium produced in the LX is relessed into 
the s e a  (61 

Plutomum isotopes 2 3 8 ,  2 3 9 ,  240 241,  

:*'Pu ard aoOu 

;\Ian) instances of  accidental r e l e a s e  of  plutonium .nto ?he en\ ronmer 
T h e  S \ A P  farlure 121 resulted .n the r e l e a s e  o 1 hg 
It is sigruf-cant that t ! ! ~  single inc d e i t  n\ol\ed -!-e 

Effluent discharges f rom irradiated-rue1 reprocessing and plu'on-un- 

ESVIRO?iZIESTAL PLUTOSIUV 

Unlrke "Sr and 13-Cs,  plutonium in the environment has rlot bee? s*uaic.c 
extensively Its study is unique that this art i f icial  element has no stable 
counterpart,  unlike the fall-out radionuclides studied eutensivelx Stud,es 
by Krey  et al. 171 on human t issues revealed the increase  in environment& 
concentration of 239Pu Inhalation is considered the m a j o r  pathu a' 01 
plutonium intake As a resul t ,  no emphasis has been placed on as'ribut or 
studies of Pu i n  the environment 

S i n c e  oceans c o v e r  7oUo of the a r e a  of  the earth,  they rece.ve a larger 
s h a r e  of the fall-out radionuclides 
washed fall-out into the ocean Fuel-reprocessing faci l i t ies  a r e  qormallv 
located near  w ater  bodies or most often low-level liquid effluents releasea 
from them find their  wa) to the aquatic environment Thus ,  a s  the major 
rec:pient of released plutonium. the study of behaviour and distribution of 
this  element in  different matr i ces  of the aquatic environment assumes 
importance 

biological specimens [8,9], no systematic  study of fal l -od levels  of 
plutomum in the aquatic environment was reported trll 1364 The measure- 
ments of fall-out l eve ls  of plutonium in Paclfic coastal  waters revealed 
the high plutonmm-accumulating capac i t j  o f  cer ta in  marine organisms i:O, 
High trophic-level orgamsms like fish indicated low accumulation factors 
The high concentrating ability of mar ine  plants was used to detect and 
estimate 2 3 6 ~  in the mar ine  environment. 

In addition r i v e r s  also c a w \  land- 

B a r r i n g  a few measurements of plutonium concentration i n  some 
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The  paper deals \.th .nxes-.gat.ons c a r r  e c  OUi IO obtain est-mzies 
of fa l -out  lekels  of plLron-Jn .n the Bombax region *ts distr7buT.on 'i 

aquatic e n t z o n . r e r *  0' Bo-bax Harbour B2\ and to stud\ *he b e i a  
of t race  quanti:-es 0, p1uton.un .n sea\\ a t e r  a r c  sedlmeirs 

our 

hIethodo?OF for pluton-um es*.na*ion in en\ - 3 v n e i t d  samples 

The  methodolo= used for --he est imatlor o transuranics e s p e c d -  
plutonium, in marine ewironnlental  s a n p l e s  has been *e\ie\red e l s e -  
%here  i l l )  
plutonium es t inat io?  cannot be based on anv cbemical  yield ootained a.6 
therefore it is nox an accepted Dractice to  use an inte-nal t r a c e r  io r  he 
determination of plutonium 2:cPu has bee? used as a t r a c e r  i n  this  \ \ o r \  
The radiochemically isolated P d  :s electrop1a;ed and 
spectrometry,  usin s o l i d - s a t e  detectors and a 100,512-channel  anal se -  
Slnce the peaks ofJCPu and'4@Pu cannot be resol\ed, all the values g. e? 
for 
In some c a s e s  2J'Pu has also been estimated 

Some interlaboratoq comparisons were also Jqderiakei  with tne In:€-- 
national Laborator? of Var -ne  Radioact:\ ity,  Vonaco,  and U oods Hole 
Oceanograpnic Inst.tdtLon LSA 'Dr  \ T Bone?)  

Udlke other rad-orwl ides  estimated i n  en\ romienra l  sa-rue- 

estimated b j  &?I s- 

in the paper represen' the actir i ty o both isotopes 2 3 9  and 2 - 0  

T o  ensure reliable r e s a l t s  -eagent blanks \\ere carr ied  out per od ca?, 

Fall-out levels  of plu:on,un 'n *he Bombav Re?-on 

To a s s e s s  the impact of t r a c e  quantities o plutonium released to -ke 
aquatic envzonment it is necessarq to knou tbe background lece l s  01 PJ 
i n  the region 
matr:ces of the emironment were undertaken 

u e r e  estimated b) measuremei t  of plutonidm leve ls  in seaweed samoles 
Seaweeds a r e  known to have a h-gh accumulat,qg capacit j  for  pluroniuT 101 
The plutomum levels  i n  seaweeds obtained f rom two locations on the l i e s -  
Coast during different periods a r e  given in Table  I The relativelb h i @  
levels  of plutonium obtained in seaweeds collected dur-ng 1 9 7 1  from Tarapu- 
can  onlv be explained bq the possible higher age of the species collec'ed 
and/or by the offshore locatlon of these s p e c i e s ,  thereby reflecting the 
higher levels  of Pu in offshore waters Such higher concentrations have 
been reported i n  the offshore waters of the Pac i f i c  Ocean 1121 
a r e  comparable with those obtained in samples from the Pacif ic  and 
Atlantic Oceans 
plutonium, the concentration of coastal  waters calculates to 10-4 to 

Therefore esi imates of fall-out levels  of plutonium :n s o r e  

The  fall-out levels of plutonium in the western coastal  waters of Ind a 

The l e l e l s  

Assuming a concentration factor of 1000 for seaweeds for 

10-3 p c l / i .  
To obtain estimates of fall-out plutonium In precipitation in the 

3ombay region, rainfall samples s e r e  collected for two years  from June 
to September at Trombay 
sorption on collection bottles The collected samples were processed d t e r  
the addition of 236Pu t r a c e r  
The  measurements of fall-out deposition at Bombay have shown that 80-90"o 
of annual deposition of 90Sr takes place during the rainy season [I31 There -  
fore these values from rainfal l  give rough estimates of the annual plutonium 
deposition. 

The  samples were  kept acidified to inhibit 

The  results obtamed are given in Table  I! 
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li Samples a i d e  atai lable  D\ Dr ' 5 9Par E - Taraour Atomic Pot e , tat  on Tara3ur 

samples mace a \ r i l a b ' e  5\ Dr \ \ \ a.'vast?a Dept of P a r  Criarute  \rut er 3rd Ruearc-  n 
Blcrclences .nitt5itt E' \lisote \ 3 r g a ' c r e  

Soil samples from areas  u.th?n a 2 5  km radius of the Researcn Cei t re  
were  collected to obtain est.mates of cumulat.ve fall-out levels 
collected included those from the downwind d r e c t i o n  of the Researci l  Cent-e 
in order to a s s e s s  the possible effect  of the Fue l  Reprocessing Plant at 
Trombay The sod  samples a e r e  collected from undisturbed areas  Sod 
from a 30 c m  Y 30 c m  area  was collected up to a depth of 5 c m  
were  crushed, mixed and aliquots were treated with an HC1 H S O ,  m w u r e  
and the leachates Mere processed for plutomum T h e  A3-Cs concentrations 
in the sods were also obtaired b) gamma-spectrometry 
measured along w i t h  plutonium s ince  it is known to have a simrlar distribu or 
to  that of plutonium in sods  [14] 
calculated and a r e  given rn Table  111 
f rom 78 to 122 mCi/krr2 and 230Pu cumulative deposit ranged between 0 44 
to 1 37 mCi/km?, except for one sample 
one location could not b e  explained T h e  v d u e s  of ?3+u to 239Pu rat,os are 
also given in  some cases 
among the samples from the downwmd direction of the plant and those from 
other areas  T h e  fall-out l eve ls  of 13'Cs and the ra t io  of ?39Pu to 13'Cs in 
these  samples indicate that plant operation has no effect  on the deposited 
activlty on sods in the surrounding a r e a s  

Surface sediments,  especially from shal?ow waters ,  w e  known to 
accumulate fall-out plutonium to a large  extent s ince  Pu gets quickly deplete0 
from the water column overlying It The  bay sediments (surface grab 
samples)  collected before the commissiomng of the fuel-reprocessmg 
facrlity were assayed for plutonum levels  
from different geographic locations are also assayed for  plutomum levels 

Samples 

The samplq 

Only l3'Cs was 

T h e  aeposited act-vities have been 
The 13'Cs depos:tion values ranged 

The sliphzly higher values in 

T h e r e  was no pronounced variation in values 

A few sediment samples obtaired 
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depth of 5 c m  
ith an HC1 H\O, mixture 
The  '"Cs concentrations 

omerr) otd? '"Cs Has 
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, q e d  ior  plutonium levels.  

Tne  9o-3a? H a r b o u r  Sa\ nas been rece?t . -g lou-le\el  1,cu.d e'zueqrs 
,ram *he I r racAa-ed  Fue l  ReDrocess-ng FacL,r\ o *he Biiabha .i:o.nlc 
Research Cer - re  Tromoa\,  or a decsde The n-ajor rad*onucl,des .n 
b e  lots-lexei liquid effluents re leasea  a r e  ' " ~ e ,  ' ;-CS Ir3r, 1 V R ~  and z r  
Inves*igatlons c a r r i e d  out to s'ucj me Seha\.our ox t r e s e  nucl-des -r 'he 521 
en\:ro?men: and to a s s e s s  The m3ac 01 such r e l e a s e s  na\e been reported 

The e t l J e n t s  also con'3.? t r a c e s  ox alpha act.\.,& of the order 0 1  

0 lVo  of the -0-al aCt:tlt- tt-e ma jor  component ox \\h-ch is -denri,,ed a s  
plutonium 

Seauater and r J t  

E a r l i e r  s:ud:es have .nd.cated that of all nuclldes re leased  into 'he _ _  
Ba? 90Sx and 
\\ate-s Ru and C e  nuclides \$ere present onl) at ver) low conceitrat-ons 
even near the d z x h a r g e  location Since Pu concentrations in \\ ate- \\ er e 
also expected 7 0  be low, onlj  a fe\\ samples f rom the discharge a r e a  s e r e  
gnalysed f o r  tne i r  PU contenr 
to sett le ,  the supernatact u a s  fJtered through V hatman S o  42 frlter paDer 
and the Pu :n the fJtrate \\as est,mated iyes the concenrrations 
of plutonium .n sea i ia ter  anc s l l t  and the ratios off3 C s  and "Sr to that of 
2 ? o P ~  in s e a n a t e r  and suspended s i l t  The acerage  & values (distr,bution 
coefficient) for Pu in suspeqded s J t  from seauarer  a r e  also  given 

The concentration in s e a v a t e r  i s  10-100 t imes  the fall-out concen- 
tration leve ls  
that of plutonium are very n g c h  higher than the ra t ios  reported f o r  fall-od! 
levels  in ocea? waters 
factor obtained was for Pu 

season and tidal conditions 
Pu (9 X 104) and assuming a s i l t  load of 1000 m g / l  in Bay % a * e r s  a 
decontaminatron factor of 90 is obtained f o r  plutonium [lS] Thus nearly 
9951 of the r e l e a s e d  P u  is l ikely to be accumulated in suspended sllt, 
shore or b o t t o n  sed-ments 

C s  a r e  the precominaq- radionuclides found in the Ba\ 

The  surxace samples collected u e r e  alloued 

Table 1 

Hornever, it -s observed that the ratios of other nuclides t o  

Of all tne nuclides re leased  the maximum k, 

T h e  salt load in the \iaters var ies  between 10 and 2800 mg:l,  depending 
On the basis of the h, value obtainea f o r  

Sediments 

The s h o r e  sediments of the B a y  were also examined f o r  the accumulation 
of Pu [I61 T h e  accumulat.on i s  iniluenced b j  the discbarge r a t e s  and by 
seasonal variations The plutonium accumulation is about 10 to 100 times 
higher than the fall-out l eve ls  observed in sur face  sediments from other 
a r e a s  near Bombay. The accumulation of Pu along the shore sediments 
had indicated e a r l i e r  1161 that Pu is localized near the discharge point 
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TABLT 1 
SE AI\ ATER A\D SLSPE\DED SiLT F R O V  AREAS \EAS DISCHARGE 
LOCATIO\ 

R a \ G E  O F  C O \ C E l T R 4 T I O \  OF RADIO\LCLIDES I\ 

"Cr 

in 'RPU "'PL 

- '@SI VU concentntim - 
Su .a te  ~pCi'h 0 004 t3 5 32 325 - 7.5'5 a45 - t203 

S l h  CpcI/8\ 0 40 to 2s . 0 76 - 37 43 - 135 
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The  bottom sedi-.leqts (surface grab samples collec*ed from *he Bax 
6 J - q  the pre-monsoon months of 1968 and 1970)  indicate that Pu along 
v 1.l- othe- radionucl.des, IS mostlv accumulated in the bottom sedimenvs 
of -&,e s t ream l o s z n g  q e a r  Trombac The accumularion of radionuclides 
ir uottorn sed:rnents 'ahen from the coastal  s t r e a r  from statiors parallel  
to the snore  on e:+her side 01 'he discharge locatLon 1s given in Table  
T h e  concentration in these sed:men+ samples indicates a reduction in the 
lex e l s  of acT:\ itc I\ .th -qcreas:ng distance from discharge location 
rat.os of '3'Cs,'210Pu at  different locations indicated *he preierential  
IocdLzarion of PU re1at:ve to 13'ca 

location at a distance f rom the discharge a r e a  is given i n  F i g  1 
though there is a uruform decrease i n  lz7Cs v d u e s  nith depth the Pu 
concentratrons do not shou a corresponding decrease  at all depths, indTcating 
possible dounuard migration of  P u  in the sedlment 
are reouired to c o m i r m  the behaviour ana to understand the mechanisms 
of this  dou n\\ ard movement 

The 

The d'stribution of ''-Cs and "'Pu i n  a Baq c o r e  sample taken from a 
Even 

Ecidently more  s'udics 

Organisms 

The accumulatlon of plutonium b) drfferent Bay  organisms were studied 
Most of the organisms by periodic collection of some spec ies  from the Bay 

u e r e  collected f rom a r e a s  c lose  to the discharge location 
u e r e  thoroughly cleaned,  especially the benthic organisms l ike c r a b  and 
a r c a ,  u e r e  carefully cleaned to f ree  them from trapped sediment 
dr.ed samples were  gamma-counted using a Sa1 detector ana a 512-channel 
analyser. The  dried samples were analysed f o r  239Pu and in some c a s e s  
f o r  9% 

Tables  \'I1 and VI11 give the accumulation of P u  in various spec ies  
T h e  ratios of s % r / 2 z 9 ~  and 1 3 q C s p 3 a P ~  a r e  also given 
centrations in  some spec ies  obtained from outside the Bav  a r e  also included 
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\ e  leal distqhution of "PJ and " Cs I ?  3 Sa\ tecirenr core a t  a d stance from rhe disc'urge ?c ri 

The beqthic organisms, especially arca ,  shoH ed the highest accunulat,on 
of Pu this being obser ed in specimens collected near the discharge 
location 
discharge location in the concentra'ion values of Pu i n  these organisms 
(Table 1111) 
of the organisms 

other spec:es 
than levels in similar  organisms accumulated from fall-out 
were made to correlate the uptake \rith age of the orgamsms and to calculate 
the concentration factors for Pu i n  these organisms 

i n  flesh and boneslshell of various organisms it can be seen that in arca  
flesh t h e g o S r / 2 3 9 P ~  ratios % e r e  lower than those found in seawater 
c a s e  of other orgarusms the ratios more or less reflect  the ratios in 

There seems to be an apparent reduction with distance from the 

KO at?empts u e r e  made to correlate the uptake ulth the age 

'The accumulat,on in arca  flesh x a s  higher by a factor of 10 than i n  
The PU levels .n these orgaxisms u e r e  30-150 t,mes higher 

10 attempts 

F r o m  the few \dues avallaole on the 90Sr/239Pu and 13'Cs/234pu ratios 

In the 

seawater, indicating there was no discrimination against Pu relative to 
"Sr b) the organisms This aspect has to be examined further since it 
appears that i f  Pu were not removed from coastal waters by uptake through 
s i l t ,  possAbly the Pu uptake in orgamsms especially the pelagic oces ,  
could be higher 
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The '^-Cs 121 Pu ra t ios  :n a r c a  flesh \\ere l o u e r  than in s e a n a t e r ,  
again inc-cating a possible patlit$ ay Of these radionuclides through sediments 
Hotgever, 'or other spec ies  the ratios were higher bq 1 to 2 o r d e r s  of 
magmtude, shou .ng the preferential uptake of '"Cs m flesh over  '"Pu 

Salt 

Salt  samples obtained from salt  pans located or the coastl ine of the 
Ba\,  one each on either side of the Bav & e r e  examined f o r  possible 
accumulaticn of  plutonium Table LX gives the concentration of P u  in the 
soluble .?action of  crude salt  and the insoluble srlt  
pan neare-  to the discharge location showed a detectable concentration of 
Pu 
of Pu 
reflected *he radionuclide and t r a c e  element concentratAons at ditferent 
locations - n  the Baq 1171 

Only the salt from the 

H o u e t e r ,  s 3 t  f rom the sa l t  in both c a s e s  showed a higher concentration 
E a r l i e r  studies have s h o s n  that salt  from different sa l t  pans 

I I T E R 4 C T I O l  OE PLUTOKIUhT IS SEqLtATER 

Behaciour of  discharged plutonium in the aquatic environment is likely 
to varv depending upon the environmental conditions and the s o u r c e  of 
plutonium introduced 
toxicit?, of  plutomum also var ies  
of biological uptake of the element 

Andelman and Roztell  1181 and Polzer 1191 have discussed the nature 
o f  plutonxm in water environments. Our e a r l i e r  studies have shown that 
solJbPisazron of plutonium in  aquatic media depends upon the nature of the 
plutonsum-contamng solution mtroduced The predominant dissolved 
plutonsum s p e c i e s  is dependent on the specific environmental conditions 
Carbonates in u a t e r  can  complex plutonium and keep them in solution 
However, the effects of naturally occurring organic matter  present in 
seawater have not been  studied. The aging effect of Pu in solutions was 

It 1s knosn that, depending upon its s ta te ,  the 
This assumes signlficance in the context 
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A-eclp's -=Le '0 si& :'e r z - u  .; 3 c ssoixec plLron u r p r y s t -  
.eaasrer - n  :me Ea\ t i e r e  nor succeas a! o\ .ng ' 0  -ne io \ l exe l i  el coLr-5 et 
32 Xz-ers Tnere fore  ?>e * t e v x ~ o -  0, p l d r o r A d T  \\ h =e7\ ->-e 2~ 

ed J~ ~ l z  7urr pid;orirlrm s d - r  01's i-c l o u - : ~ '  el  1 cu c c l-cn s c o  I- 

- 
adn-erec e E.? .? a r r a s  - e a -  E l i l y - r  c sc crge  .oc-,, ons 

it-qq".g plu-on-d-1 'ror- fdel-r eororesz n;  opera ons 
8- -uen's ir sea\tater and .? sed " le? ; a r e  hnouq ;o sol& -*:e -i-,n\ * r n c e  
-lp-als 1201 and to .rfiuence the u p t h e  o marl\ t r a c e  elrnien-s b~ 
s c & m e n r ~  121'  
from sed-pnents \\as stud-ed d-rec-lx and .n the p r e s e i c e  07 sea\\a*er 
Seauarer,  espec-allv C O a S ~ a l  u a r e r s ,  .s houri to  contai d,ssol\ed -1.c 
SJbstances and organo-meta~lic  subs:arlces 1221 The  Freparat 0-1 o + e  
+rif.ed organic ex t rac t  rrom sedimen,s is gire? e l s e n h e r e  123 1 

The pluton-um solution u as e\ aporared to drvness the res.due Tahe- 
1r 0 1; H\O: and m a e d  \Illlipore-,.ltered (0 2 2  UI-I) seauate 
-alquots of the samples n e r e  reniox ed a i  d2ferenT .ntert d s  and Jrerea 
tkrough 0 22 J m  \Idlipore frlter paper The  plJ;on,um n & e  flTrate \ \as 
est  r a t e d  using a hnonn \olume and ~ s - n g  -dfiPu t r a c e r  

sr,,on Do\!e\-l fC1-1 columns 
:+-ex Pu content 
ootained f r o m  cat-on-anion columns 

20 mg of 0rpan.c matter  eurrac'ed i rom sed,ments 
,-ann diouots or the etflaents Mere n-\ed n.th c X e r e P t  Lolames 0' .-;-ere: 
sea\\ a ier  

In the c a s e  of direct  .nterac*,on 0' plutonium with organic matter  
pluronium solution \\ as evaporated *o  d r \  ness and u 3s alloa ea to interact 
n.th 25 ml of purified organic mat -er  c\;ract (1 in1 = 0 37 mg of organlc 
ma-er)  
c-alqsed using 4 8 nm dial s e r  -Ltbing and the solution isas rlltered through 
0 2 2  urn Millipore f i l t e r  paper The .onic nature 01 Pu \\as estimated JJ 
us-ng Dowex 50 X 8 ISH; form) and Doveu 1 X 8 (OH- form) ion exchange 
resins 
+he organic mat ter  w n h  HSO,, and " 3 0 -  and counting the residue 

0" P u  in solution x as obtaiqed soon a:ter mut.ng 
a.th t ime At pH 7 4-7 8 the soluble Pa concentration in SeaNater \\as 
calculated to be 1 0 ' " ~  Both cation and anionic spec ies  decreased witn 
t lme,  while non-ionic spec ies  n c r e a s e d  with time In the c a s e  o f  s e a a a t e r  
w::h added organic mat ter  more P u  u a s  solubilized and retained in solution 
airh time. However, it was observed that after 30  days there was a tendem\ 
for Pu to precipitate out, probadv d o n g  with organic mat ter ,  which was 
observed to be precipitated T h e r e  
\\as an increase in the arnomc spec ies  with t ime,  c lear lv  indicating the ro le  
0, organic matter  in  solublliring and comp1ex:ng plutomum. 

Table XI gives the results  o f  studLes with effluents 
solubilization of Pu observed was about 4 3  dpm/l 
rear ly  tu o orders  of magnitude lo!! e r  when the pure plutonium solution 
mteracted with s e a n a t e r  The lower concentration of P u  is a result  of 

Tile o r g m  C c o r -  

The inrei ac* or of p l a t o r - u r  u.th o r g s i  c ma-te- ?\-I acTer' 

Par t  of the f3:rare x a s  passed tb-3agb cation Doae\-jO \\a*) ana 
Tne  e " iueits  .\ere analJsed separaTelT o r  

The non-ionic spec ,es  s e r e  e s i m a t e d  ,n the erAluen-s 

The same exper-menr \!as repearec Jsing seauater  *o tihich \ \ a s  added 
In the c a s e  o e i l a e r - 8  

The pH \\as ms,nta:ned a* 7 0 Aliquots 01 the solutions \\ere 

The plutomum solution and effluents were estimared b) decomposing 

The exper-mental results are g i ren  in Table X The  maximum a n o u i -  
hou e v e r ,  this decreased 

Tnis  has to be investigated further 

Maximum 
141). which mas 
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+e -eTo a! 0 pi dong w.tr orher fisslor products present in  *he er,luer* 
T - e r e  o r =  ' - c  .'-"oc-C'.Gn GA shch e'liuen's .n'o the aqua: c e l \  ronment 

5 --%e4 '0 -e=,-.* n 10 l e i  concentrai.ons 01 pixonldm .n solusie form n 
iea\ia-cc Tr-s  n :irq \J1 be .urther reauced a s  a r e s d :  01 sorpt'on bv 
s i s ~ r i d r i  51' -p coastal rep,o?s 
.c--s sar-t-  := 7 he i s r e  ox pure Pu soh-.ons The  non-ionAc species were 
-65s co  n;.c.-ec --k Po-e obta-ned at higher P d  concemrations The aging 
e ect  u a s  LSO less pro-iounced in *&AS c a s e  
acded '0 s t 3 ~ 2 ' c . c  Has observed that catlon-c species u e r e  not detectable 
h-ir  B per-od of 13 months and about 90r. n e r e  .n the an,onic form 

'Table YII) .t \\as found -hat 1 mg of organic matter  solubdizes about 
2 7 y 

ooserved 
Tne 0rgan.c matter  adaed to s e a u a t e r  changed the :onic spec ies  of added 
pu 
The rela*.\e influence of carbonates and organic matter in coas'al water 
has *o be s:Jd,er! 
bid,log*cal bena.,our 01 'hese spec:es in the aquatic environment 
PJ exists  .i md'.valent s'ates, it is also necessary  to  knon the interaction 
u.*h respec t  :o 'he dAflerent talenc? states 

The  spec ies  obtaaed n e r e  more or 

Ifhen organic matter  was 

In *he c a s e  or d.recz interaction of  PJ  t\ ,th organic matter  e l t r a c t  

. tg 01 Pu AI1 me Pu had been conve-*ed to anionic form 
In all *kese experiments P d  sorption on to g lass  surfaces has been 

The calculations were made on the basis  of Pu in solution 

The  -e?denc\ for hydrol>s:s and subsequent remoLa1 was reduced 

Fur ther  information i s  needed on the c h e i - x d  and 
S m c e  

PlJton>ur, -r coastal  sed&ments 

Stud-es reported e a r l i e r  snowed that sediments have a verq high 
accumdat-on caDac ty for pluton,um and more  tnan 9gTo of the released 
plutonium ge's locked up in coastal  sediments It is necessary  to knou 
the poss.ble niqs by which these accumulated nuclides can be released 
into the aqueous phase 

After -rea:.ng with uncoiiaminated fdtered  seau ater  and st irring 
mechanicalh for periods up to  8 hours and evamirung the frltrate f o r  
plutonium content, sediments did not r e l e a s e  an) plutonium into seawater 
Therefore .t .s unlrkely that w hen sedimenrs a r e  transported to other areas  
plutonium \\ill be released into the water 

Pu quantitat. Jely from sediments 
residue and estimating the Pu 1161. It i s  to be expected that s ince  most 
or 'he PJ deposited on sedunents is the resul t  of scavenging of the hydrolysed 
products of Pu in seawater,  2cid leaching should be able to remove a l l  Pu 

A sed-menr sample was examined for the possible presence ox P u  in 
the easil? ox-ditable organic fraction of the sediment 
by treat-ng the sediment slurry with %02 at 8O'C in the presence of 2 / 2 0  HC1 
so as to adjust the pH to 5 8 
the fJtraze (0 22 um) was analysed for its 239Pu content after  addit.on of 
-nternd tracer ?36Pa.. T h e  alpha spectrum of the separated P u  showed no 
t race  of 2?oPu, indicating that Pu has not been released from the sediment 
as a resul' of H 2 0 2  oxidation 
oxidize al l  the organic matter  in  the r e d m e n t  T h e r e  is also a lrkelahood 
of the re leased  Pu becoming resorbed on the sediment particles 

To ascer ta in  the possible presence of plutoruum in the organic fraction 
of the sediment,  contaminated sediments were treated with alkali  to  extract  

Leack-ng the coastal  sedrments with 831 HhO3 has been found to remove 
Th:s u as confirmed by decomposing the 

This  was investigated 

The  solution was allowed to sett le  and 

It i s ,  however, knowr that H,02 does not 
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organic mat'er i231 
processed  to :solate Pu,  plated on a plat3n UT planchet and counted for 
alpha act1r.q usAng an alpha-spectrometer 
organ-c ex t rac t ,  .ndicat.ng the poss&ble assoc.arion of P u  u Lh organic 
mat ter  of the sediment 
if one c a s e  accounted for 0 4r~  of the total Pu in sedimerlts compared ;O 

1 6,61 o i  the total L in sediments 
In another experiment,  c a r r i e d  out nith sedLments collected after a 

>ear f rom a r e a s  c l o s e r  to the d s c h a r g e  locatior and euarrxdng the purified 
o r g a n x  fraction as indxated e a r l i e r  it \\as found thaz pluton-Jm u a s  
rets-ned to the extent of 7.5% (Table M U ) ,  uhich is very  much higher than 
was obtained e a r l i e r  Both these experiments demonstrare the possibrl iq 
of Pu getting bound to the orgamc matter  of the sediments and its possible 
i n c r e a s e  with t ime Fur ther  1nves:iga:ions a r e  being continued to confirm 
these findings and to understand their  significance 

The  purified extract  u a s  decomposed and the residue 

Pu u a s  detectea in the pur,fled 

Pu in the org2n.c fraction separarea from sediment, 

SIGYIFICAXCE O F  PLUfOSIU.\.I Ih THE BAY EX> IROhAIE\T 

The  invest,gations carr ied  out in the Bombay Harbour B a y  have shown 
that 'races 01 plutonium re leased  in the effluents from fuel-reprocessing 
operations accumulate mostly in suspended s i l t  and sediment 
concen:ration found n sediment is only 100 t imes the fall-out levels  
sediments,  having accumulated other radionuciides l lke  I3'Cs, luCe and 
iOsRu, might b e  a source  of external exposure 1131 T h e  shore  sediments 
do not pose an mhalation hazard from possible resuspension of the dried 
sediments in air s ince  the Pu content in the sediment is quite  lo^ 
l i m i t  for  da-l; intake of Pu through inhalation pathway has been calculated 
to b e  57 dpm. 

The  maximum accumulation of 239Pu was observed m a r c a  f lesh The 
average concentration values obtained cor organisms collected near the 
discharge location u a s  25 6 pCi/kg for  '39Pu and 273 pC1:kg f o r  90Sr In 
the c a s e  of ingestion, on the bas i s  of the l imi ts  for  annual intake for  members 
of the population 9 % -  is more  limiting than 239Pu. the l imi t  of annud intake 
of the former  being 11  t imes lower than the la t ter  
organisms  an the Bay are the only pathway through which one c a n  be exposed 
to radiation, the limiting concentration of  :OSr in flesh of edible orgarusms 
is calculated a s  22 pCi/g and 246 pCi/g for  239Pu on the b a s i s  of 40 g of 
f ish consumption p e r  day [24]. The average concentrations of  "Sr and 
23:Pu in  a r c a  flesh a r e  only 1 24 and 0 01% of the limiting values respectively 
T h e r e f o r e  Pu  would contribute only negligible internal exposure,  even from 
ronsumDtion of benthic organasms showing a high accumulation of  Pu from 
the discharge location 

or-ly v e r y  negligible exposure. 

ar,d I3'Cs may b e  comparable m the c a s e  of fall-out, however, in  local  
envmonmerts receiving very low level  liquid effluents f rom fuel-reprocessmg 
operations the dose due to Pu received by orgamsms as a r e s u l t  of accumu- 
laLon of re leased  nuclides might be insigluficant relative to  other nuclides 
lrke l3?Cs, lo6Ru etc. 

T h e  maximum 
These 

The 

Assuming that edible 

T h e  Pu concentration rn salt IS also so low that it would contribute 

T h e  dose received by organisms from accumulated Pu re la t ive  to gOSr 
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T b e r e  are uncertalntles regarding the absorption of Pu 
t rac*  

a e r ,  Pu complexes can be absorbed to the e v e n t  of 2=0 123 I 
+hese da-a hat e been obta:rled in laborator\ experiments u nh a i i m a l s  
p~ .s l A e l t  to be protein bound in o r g a n A s r s  
d3;a on absorphon 'actors for  the GI t r a c t  \\pen PA is ingested -hrough 
' o n - a - ~ a r e d  rood 
also needs further investigation 

lns-grif-can: 
wh.ck Pu nrll be translocated from the discharge a r e a  
Kd lactors 
a good t r a c e r  for studying s l l t  transport 
re leased  P u  in aquatic envrronments, sediments need further stud] to 
understand the i r  biological and geochemical s i g n f i c a n c e  

the GI 

Vas: 01 

For soluble compounds thls factor .s estimated to be 3 K 10-j 

It is necessar?  to obtain 

Since age m a j  a l s o  i n l A e x e  absorptlor 1251 this aspec- 

In sa t - laden  Coastal 1% aters  biological uptake and transport  might be 
S i l t  movement HLU be the m a j o r  transport mechanism bj 

sediment and non-leachabzlit) w i t h  s e a u a t e r  P u  would be 
As the ma jor  depository of all  

OLcing to the high 
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DISCLSSIOl 

A .A MOGHISSI k o ~  say :hat plutonium constituted only a minor 
fraction of the total re leases  
terms of the-r en\ .ronmental s,gn.f.cance 
that plu:on.um represents a greater environmental hazard than other 
r ad.0t.u c i:de s 3 

i n  the organ-sm to understand .ts envronmental signi icance The average 
concentratdons of "Sr and 230h m the flesh of clams collected from areas 
close to the discharge location is onlj 1 7.1 and 0 O l o b ,  respect ivel j ,  of 
the limiting balues of  these nuchdes. and this is mdeed low Eben here, 
the plutoribrr ccn?ribL:ion to radiation exposwe (for a person consuming 
these organisms) i s  125 ?.mes less  than *at of  'OSr 

In Table 11 jou give the results oA measurements of 
platoniLr. in rainwater Collected at Trombaj  
whether these Jaiues represent only the fraction of p1u:onium deposited 
with rain a l l  o r  whether they also include dry deposit-on I should also 
like to know about the possibility of p!dtonium resuspended in the atmosphere 
by wmd be-nq counted agam, gwen the method of sample collection used m 
your experunent 
plutonium included in the Trombay rainwater samples' 

Could you express your release Lalues m 
however allowrng for the fact 

h C PILLAI I tee1 one should look at the fmal values of plutonium 

Y MSHINAKJ 
I should like to a s k  ~ O U  

What would be the soluble and insoluble fract-ons of 
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