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PLUTONIUM IN THE AQUATIC ENVIRONMENT
Its behaviour, distribution and significance
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Abstract

CUTONIUMIN THE AQUATIC EN [RONAMENT  1T> BEMAVIOLR DILTRIBUT(ON AND SIGNIFICANCE
The source of plutomum cortaminanicn n the environrent s discussed  The fail-vut e eus of
slutoniu™ in seaweeds i nwite $o0ils and aquatic sar ace sedin ents fror the Somoay eZior a2 € Te2ou 2n
v radiocherica’ sepa aticn woz 2%Puas anin ema1 race a-¢ a'dha spec oretn
The be™a 1or of trace arounts of plytorium cischared ‘rom ue' eorocessing upe ations into he
zcuatic en onrent of 3orrbay H2rbour Bay was miestugated p detail and Ye dis 1bution cf trus radie-
nachde 1n different matnices of the ™arine envirerment - seawater st sec Tents orgamsms and »0.a
sa't - were stucied The >usperded silt and ~crror sedirents of coas 3’ «a ers have beer found o have
2 ugh capaciny for emoral of slutoniwT from teawate  Nearly 9% of the platonium gets reroved by
secar-ents from silt-lader coastal water Tha oreferenual uptaxe of plutoriumr by berthic organisrs «as
observed
The interaction of plutoniur solutions ard trace plutoniur present in the fuel reprocessing effiuen s
with ea 3 ¢ weve studiec and the ‘orra 1on of 5oth 1onic ane non-ionic spec es of plutcnium were
nrestizated  O-gamic matter acded o seawater was found to imnmbit hydrolysis and precipianion of addec
Pu and te anicnic species ‘Orrmec increased with ume  The extraction of orgamic atter from coastal
sedirerts contarrinated with plutenur showed the presence of the element 1p the punfied organic fracuer
The average concentration of Puin bentuc orgar srs from tne discharge locale 1s only 0 0'7 of
the limiting values Biologica' uptake and transport of Pu mright be Insigmuficant in coastal areas
sedirent being the major depository of al released Pu needs further study 1o undes and 1ts biological
and geocheruca, sigmficance

DNTRODUCTION

N\aturally occurring plutonium produced as a result of neutron
absorption of 3L has been detected i1n ultra trace quantities in uraniurm-
r.cn minerals only The presence of this element in nature essentially
results from human activities Plutonium has entered the human environ-
ment as a consequence of (a) nuclear weapon testing, (b) accidental
releases, and (¢) effluent discharges from plutomum-handling and process.ng
facilit.es

SOURCES OF PLUTOXNIUM CONTAMINATION
Subsequent to the atomic tests conducted sirce 1845 plutonium appeared

.n global fall-out In nuclear explosions plutonium isotopes can be formed
by neutron capture of uramum atoms or by the escape of fissile nuclides

25

ADMIN RECORD

SW-A-004620

Best Aveilable (opy

hy S ; o, i

“ﬂﬁyﬁﬁﬁyxiz
a“ wﬂ#"’&w@*i%ﬁwa,@ Gl %
i g %’.ﬁ*‘ﬂ‘ ff"% c'g;'"‘ TR 1,'" n

%

hge N RN S v




26 PILLAl and MAT-TW '

that have not undergone fission Plutoruum :sotopes 238, 239, 240 247,
242 and 244 were derected 1n the airborre debris of the firs* large-scale
thermo-nuclear explos.on [1’, the predorr.nan* one being **°Pu

It has been estimated tha- nearly 325 h.locuries ot **® >"Pu ard aoo.
8 kilocuries of *"*Pu have been deposited as a result of global fall-od ‘rom
weapon testing (2] On a we.ght basis the deposited plutonium bkas veen
calculated to be about 3300 kg (comparea o about 300 kg 0. "'Sr - "°Cs)
Thus there 1s alreadv a large invertory of plutonium :n the environmen*
from this source

Many instances of accidental release of plutonium .nto the env ronmer
have taken place The SN\NAP failure [2] resulted .n the release o 1 hg
of #*Pu (17 kC1) It is sigruf.cant that th.s single inc dent involved ~re
depos.tion of more 23*Pu (more than double) than that deposited from weapon
testing

Effluent discharges from irradiated-1uel reprocessing and pluton.um-
handling faciities can lead to 'above backzground' levels in local eny ror-
ments [3,4] Ina study conducted by ENEA 1t was reported that abou*
98 5 to 99% of the total pluton.um contained in the irrad:ated fuel elements
are generally recovered, the rema.ring 1 to 1 5% being discharged o
waste [5) However since most of the fission product act.vity is conta red
it was felt that releases to the environment through the effluen*s ™.zght ve
small It has been reported recently that the total amount of Pu a'schargec
from Windscale during the last 15 years 1s approximatelyv 104 Ci1 {4 and
probably about 0 3% of the plutonium produced in the UK 1s released into
the sea (6]

ENVIRONMENTAL PLUTONIUM

Unlike %°Sr and 13°Cs, plutomium in the environment has not been s*uaicz
extensively Its study 1s unique .n that this artificial element has no stable
counterpart, unlike the fall-out radionuclides studied extensiveln  Stud.es
by Krey et al, [7] on human tissues revealed the increase in environmenta
concentration of >**Pu  Inhalation 1s considered the major pathwar ol
plutonium intake As a result, no emphasis has been placed on a.s*ribut or
studies of Pu in the environment
Since oceans cover 70% of the area of the earth, they rece.ve a larger
share of the fall-out radionuclides In addition rivers also carrv land-
washed fall-out into the ocean Fuel-reprocessing facilities are normallv
located near water bodies or most often low-level liquid effluents releasea
from them find their way to the aquatic environment Thus, as the major
rec:pient of released plutonium, the study of behaviour and distribution of
this element 1n different matrices of the aquatic environment assumes
importance
Barring a few measurements of plutonium concentration 1n some
biological specimens [8,8], no systematic study of fall-ouat levels of
plutonium 1n the aquatic environment was reported till 1564 The measure-
ments of fall-out levels of plutomum in Pacific coastal waters revealed
the high plutomium-accumulating capacity of certain marine orgamsms [10,
High trophic-level organisms like fish indicated low accumulation factors
The high concentrating ability of marine plants was used to detect and
estimate Py in the marine environment.
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The paper deals ‘.th .mies-.gat.ons carr ec out 10 obtain est.mates
of faul-out levels of pluton.am .n the Bombav regzion .ts distribut.on n
<he aquatic env.ronmrer* o' Bo—batv Harbour Bas and to study *he bena our
of trace quantii.es O. pluton.um .n seawater arc sed'ments

Methodologt for pluton.um es‘.ma‘ion in env ~onmental samples

amram———

The methodolog: used for the estimatior o transuranics espec.al.
plutonium, 1n marine environmental samples has been »eviewed else~
where [11] Unlike other rad.oruclides estimated in env ronmental sa~p.e-
plutonium estimation cannot be based on anv chemical yield obtained ard
therefore it 1s now an accepted practice to use an inte~nal tracer tor he
determination of plutonium <*tPu has been used as a tracer 1n this wors
The radiochemically 1solated Pu :s electroplated and .s esuumated by aupia
spectrometry, usm solxd s*ate detectors and a 100,512-channel anal se-
Since the peaks of ¥°“Pu and ***Pu cannot be resols ed all the values g. en
for 22°Pu 1n the paper represen* the activity o both i1sotopes 239 and 2«0
In some cases 2*Pu has also been estimated

To ensure reliable resualts ~eagent blanks were carried out per oc ca.
Some interlaboratory comparisons were also undertaken with the Inter-
national Laboratory of \lar.ne Radioactivity, Monaco, and Woods Hole
Oceanograpnic Inst.tation LSA /Dr VT Bowen)

Fall-out levels of pluton.um .n *he Bombav Rez.on

To assess the impact of trace quantities o plutonium released to ‘re
aquatic environment it 1s necessary to know the background levels or Pu
in the region Therefore esuuimates of fall-out levels of plutonium :in sore
matrices of the environment were undertaken

The fall-out levels of plutonium in the western coastal waters of Ind a
were estimated by measurement of plutoniam levels in seaweed samples
Seaweeds are known to have a h.gh accumulating capacaty for plutoniu™ '0]
The plutoraum levels in seaweeds obtained from two locations on the Wes*
Coast during different periods are given in Table I The relativelv high
levels of plutonium obtained 1n seaweeds collected dur.ng 1971 from Tarapur-
can onlv be explained by the possible higher age of the species collec*ed
and/or by the offshore location of these species, thereby reflecung the
higher levels of Pu in offshore waters Such h:gher concentrations have
been reported in the offshore waters of the Pacific Ocean [12] The levels
are comparable with those obtained in samples {rom the Pacific and
Atlantic Oceans Assuming a concentration factor of 1000 for seaweeds for
plutonium, the concentration of coastal waters calculates to 107 to
10-% pC1/l.

To obtain estimates of fall-out plutonium i1n precipitation in the
Bombay region, rainfall samples were collected for two years from June
to September at Trombay The samples were kept acidified to inhibit
sorption on collection bottles The collected samples were processed after
the addition of #Pu tracer The results obtained are given in Table II
The measurements of fall-out deposition at Bombay have shown that 80-90%
of annual deposition of 9°Sr takes place during the rainy season [13] There-
fore these values from rainfall give rough estimates of the annual plutonium
deposaition.
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TABLE1 “°Pu LEVELS I\ SEAWEEDS COLLECTED FROM COA>1AL
WATERS /ARABIAN SEA; OF INDIA
Date f collecnion toca or ~oec 2% o
(4D Ak we
av eR Tarapu '¢ >+ N "I L' E : N3 g s 021=C -~
Va8t ~a 3gAss 9 ~t =2 ac
june 'Qe3 N3 1ga88 LT 0450 o
v ach %™ En erorcroha 530 436 ¢ .0
“March 1271 Craci’a 3 ¢p 3022019
\Marcn 1971 S Zassua 2% . L
Jahuan 1972 <2 etuca *lozd
Januan 1971 Saragassar G e -
\ovembe 107) Vangalore .o 4 N\ T4 30E 5 shale ca 04 .0 ¢”

November 1877 Enteror~o ona spp

A s

Samples made available oy Dr ! Srat E Tarapur Atomic Pove staton Tarasur
5 samples mace avatlab’e 5 Dr M N\ \a“uastha Dept of Post Craquate stuc es ard Researc~
Biosciences .mvemsitn of \Misore \arga'cre

Soul samples from areas w.thin a 25 km radius of the Researcn Centre
were collected to obtain est.mates of cumulat.ve fall-out levels Samples
collected included those from the downwind direction of the Research Cent-e
in order to assess the possible effect of the Fuel Reprocessing Plant at
Trombay The soil samples were collected from undisturbed areas Soud
from a 30 cm ¥ 30 cm area was collected up to a depth of 5 ecm The samples
were crushed, mixed and aliquots were treated with an HCl HNO; mixture
and the leachates were processed for plutoruum The «3°Cs concentrations
in the soils were also obtaired by gamma-spectrometry Only !37Cs was
measured along with plutonium since 1t 1s known to have a simuar distribu or
to that of plutonium 1n soils [14] The aeposited act.vities have been
calculated and are given in Table III The !3"Cs depos:tion values ranged
from 78 to 122 mCi/km? and #*°Pu cumulative deposit ranged between 0 44
to 1 37 mCx/kmg, except for one sample The slightly higher values in
one location could not be explained The values of 22¢Pu to #%Pu rat.os are
also given in some cases There was no pronounced var:iation i1n values
among the samples from the downwind direction of the plant and those from
other areas The fall-out levels of 13’Cs and the ratio of 29Pu to }37Cs 1n
these samples indicate that plant operation has no effect on the deposited
activity on scoils in the surrounding areas

Surface sediments, especially from shallow waters, are known to
accumulate fall-out plutonmium to a large extent since Pu gets quickly depletec
from the water column overlying 1t The bay sediments (surface grab
samples) collected before the commissioming of the fuel-reprocessing
facility were assayed for plutomum levels A few sediment samples obtaired
from different geographic locations are also assayed for plutomium levels
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1
CTLD FROM COA>TAL The levels g venin Tabie I\ nc.cave the .all-o.” concentrasiono Pa »
aguat.c seac.™ents ir *hese a~eas > rce sed.~ents accd™ulate Mmos" o  1¢
ac.\.h on re.r toplayer ~ mor vavatons n-ieconcentra on leveis ire

Jec s . soss.ble t tre sed.ments Ze- a.s".mpec by pvs.icil or biolog.cal acT.or
o Tne lovwer Palevels in Powa. Lake sum™aces n 269 mas be arr buec o

s _: " -j .s possib...=~ since the sar ples tanen were 7' 0ss g-ap samples

== U Platon.um d.s-ribution n Boriba Ha-oour Bas

T J -z - -

~ ¢ 973 590 .o c Tne Bo~oay Harbour Bav nas been rece:v.~g low-level l.cu.d e*luents

T:; . .rom the Irrzc.a-ed Fuel Reprocess.ng Fac.lutv o the Bhabha Atomic
Research Cer-re Trompav, or adecade The major radionucl.des .n

T A the low-leve: Liquid effluents releasea are '**Ce, '“Cs “sr,' "Ruand 2~

) vz 28 Inves+igations carried out to s‘ucy tne behav.our ol trese nucl.des .r *he ba:

- R environmen: and to assess the moac ©0' such releases nave been reported

- {15/ The ei.laems also cona.n traces o: alpha acta.ty of the order or

£ e - 0 1% of the -o-al act:vit, the major component o1 wh.ch s .dentu.ed as

P "2 2500 vt 22 plutonmiurm

%owe .anon Ta 1o. Seawater and s.lt

Gradate >tuc es am. Sesez z° n
Earlier stud:ies have .nd.cated that of all nuclides released i1nto the

Bay %951 and ~ Cs are the precominan’ radionuclides found in the Ba
waters Ru and Ce nuclides were present only at very low concentrat.ons
even near the discharge location Since Pu concentratons in water were
alsoc expected o be low, only a few samples from the discharge area were

ius of the Research Centre analvsed for tneir Pu content The suriace samples collected were allowed
| fall-outleveis Samples to settle, the supernatant was f.ltered through Whatman No 42 filter paver
‘ -tion of the Researcn Centre and the Pu in she {.ltrate was est.mated Table % %wes the concentrations
Reprocess.ng Plan: at of plutonium .n seawater anc sut and the ratios of '*"Cs and *°Sr to that of

1 und sturbed areas Sou
depth of 5 cm Tle samples
1th an HC1 HN\O,; mixture
The '2°Cs concentrations
ometry Only '>"Cs was
to have a s.mJar distribution
activit.es have been

22°p, 1n seawater and suspended sdt The average K, values (disir.bution
coefficient) for Pu in suspended s.lt from seawater are also given

The concentration 1n seawater is 10-100 times the fall-out concen-
tration levels However, 1t .s observed that the ratios of other nuclides to
that of pluton:um are very rmuch higher than the ratios reported for fall-ouat
levels in ocean waters Of all tne nuclides released the maximum kK,
factor obtained was for Pu

, depos:tion values ranged The silt 1oad in the waters varies between 10 and 2800 mg/1, depending
pos:t ranged between 0 44 season and t:dal conditions On the basis of the h, value obtainea for

‘ 18h;~}v h1ghgr values in Pu (9 X 10%) and assuming a s:lt load of 1000 mg/l in Bay wa‘ers a
of 23¢Py to 2°Pu rat.cs are decontaminat.on factor of 90 1s obtained for plutomum [15] Thus nearly
iced variation in values 99% of the released Pu is likely to be accumulated i1n suspended silt,
of the plant ana those from shore or bottor: sed.ments
ratio of ¥?Pu 10 ¥7Cs 1n

' o effect on the depos.ted Sediments
waters, are knovn o The shore sediments of the Bay were also examined {or the accumulation
ince Pu gets quickly depleted of Pu [16] The accumulat.on i1s influenced by the discharge rates and by
i.ments (surface grab seasonal variations The plutonium accumulation 1s about 10 to 100 tuimes

, ‘he fuel-reprocessing higher than the fall-out levels observed in surface sediments from other

' % sed.ment samples obtained areas near Bombay. The accumulation of Pu along the shore sediments
ayed tor plutonium levels, had indicated earlier [16] that Pu 1is localized near the discharge point
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TABLE Vv RANGE OF CONCENTRATION OF RADIONLCLIDES IN
SEAWATER AN\D SUSPENDED S.LT FROM AREAS \EAR DISCHARGE
LOCATION
¥py concentration *ose T
in 29py, p,
Seasate (pCi/l) 0 004 to 0 22 325 - 7878 945 ~ £200
Silt lpC\/g\ 040 1029 o 0 76 -37 43 - 135
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The bottom sedi™ents (surface grab samples collecred from the Bav
da~.ng the pre-monsoon months of 1868 and 1970) indicate that Pu along
v1°h other radionucl.des, 1s mostly accumulated in the bottom sedimenrs
of <he stream ‘low:ing near Trombav The accumulanon of radionuclides
1r vottom sed:ments ‘aken from the coastal stream from stat:ors paraliel
10 the snore on e:ther side ot the discharge locat.on 1s given in Table V. - -
The concentration 1n these sediment samples i1ndicates a reduction in the sa -
levels of activity w.th .ncreasing distance from discharge location The
rat.os of 1*"Cs/?%°Pu at different locations indicated *he preferential
localizauion of Pu relative to 13°Cs
The d.strabution of 3°Cs and 2%°Pu 1n a Bay core sample taken from a
location at a distance from the discharge area s givenin Fig 1 Even The ben
though there 1s a umform decrease in 27Cs values with depth the Pu o Pa,tr
concentrat.ons do not show a corresponding decrease at all depths, indcating locar.on
possible downward migration of Pu in the sediment Evidently more s*udies discnarg
are reowired to coniirm the behaviour ana to understand the mechanisms {Table \
of this downward movement of +he or
Tre
Organisms other sp
than leve
The accumulation of plutonium by different Bay organisms were studied were ma
by periodic collection of some species from the Bay Most of the orgamsms the conc:
were collected from areas close to the discharge location The orgamsms Fro
were thoroughly cleaned, especially the benthic organisms like crab and in flesh
arca, were carefully cleaned to free them from trapped sediment The flesh the
ér.ed samples were gamma-~counted using a Nal detector ana a 512-channel case o. ¢
analyser. The dried samples were analysed for #3%9py and 1n some cases seaw ater
for 9sr %sr oy
Tables V1l and VIII give the accumulation of Pu in various species appears
The ratios of %%r;%%P4 and 13°Cs/#°Pu are also given Plutonium con- su*, pos«
centrations i1n some species obtained from outside the Bav are also included could be
Snay R S SRS A AP R oy
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e R i PSSR o o R Frap m VK S B v m B g o - "
e R S P R L g
A L R R e T
O I S i S A SR S A O
For RN e Y e DS b S A et T e
o =2 B i e 9 S e SR PN v‘é*:“‘”éx RS C N N ey SR
e TN < b L e - RT o ol » W_‘.‘ 2 o ',,. oA



BOTTOM s e e e
~1n1ORY ON " 'Tni™ R - oo S 206

20 -
- £ -3
- x - -
- E N
[
_— o
& v
=3
()

8
, 1]
~o..
v
e e e . ——— ——— ———————— .

40.1‘4'
:? R
.ecved ‘rom the Bav ;’L
‘.cate that Pu, along £
e oottom sediments 3 J> J s 29

236 5
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~o™ stations paraliel

s given .n Table V1 “IC 1 \e 1cat distnduuon of P °Puand ¥ Cs1na Bav secirent core at 2 d stance from the discharge pe rt
*es a reduct.on in the station S5\ "2 35 "6F .arch .8” ! s valyes from MLLAY C D Thests BARC

arge location The

he preferential

sample taken from a

er:inFigl Even The benthic organisms, especially arca, showed the highest accurmulat.on

<h depth the Pu of Pu this being obser ed in specimens collected near the discharge ¥
at all depths, indicating location There seems to be an apparent reduction with distance from the

E .1dentlv more s*udies discharge location in the concentra‘ion values of Pu in these organmisms

ard the mechanisms {Table VIII) No attempts were made to correlate the uptake with the age ¥

of the organismrs

The accumulat.on in arca flesh was higher by a factor of 10 than in
other species The Pu levels .n these organisms were 30-150 t.mes higher
than levels in similar organisms accurnulated from fall-out N\o attempts

srganisms were studied were made to correlate the uptake with age of the orgamsms and to calculate
Most of the orgamisms the concentration factors for Pu in these orgamisms

a~.on The orgamisms From the few values availaole on the %°Sr/?%Pu and 1¥7Cs/?%Pu ratios
1.sms like crab and 1n flesh and bones/shell of various organisms 1t can be seen that 1n arca
ec sediment The flesh the ®°Sr/%%Pu ratios were lower than those found in seawater In the ]
:¢c-or ana a 312-channel case of other orgamsms the ratios more or less reflect the ratios 1n
1 and in some cases seawater indicating there was no discrimination against Pu relative to

s by the organisms This aspect has to be examined further since 1t
n 1arious species appears that if Pu were not removed from coastal waters by uptake through
r Plutonium con- silt, poss.bly the Pu uptake in orgamusms especially the pelagic ones,
e Bay are also included. could be higher
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The '""Cs *°" Pu ratios :n arca flesh were lower than in seawater,
again inc.cating a possible pathway of these radionuclides through sediments
However, “or other species the ratios were higher by 1 to 2 orders of
magnitude, show.ng the preferential uptake of *°"Cs .n flesh over 9Py

Salt

| Salt samples obtained from salt pans located or the coastline of the

' Bayv, one each on either side of the Bav were examined for possible
accumulanucn of plutomum Table IX gives the concentration of Pu 1in the
soluble .raction of crude salt and the insoluble silt Only the salt from the
pan nearer to the discharge location showed a detectable concentration of
Pu However, sit from the salt in both cases showed a higher concentration
of Pu Earlier studies have shown that salt from different salt pans
reflected the rad:onuclide and trace element concentrat.ons at dizferent
locations 'n the Bay [17]

INTERACTION OF PLUTONIUM IN SEAWATER

Behaviour of discharged plutonium 1n the aquatic environment 1s likely
to varv depending upon the environmental conditions and the source of
plutonium introduced It i1s known that, depending upon its state, the
toxicity of plutonium also varies This assumes significance in the context
of biological uptake of the element

Andelman and Rozzell (18] and Polzer [19] have discussed the nature
of pluton:um 1n water environments. Our earlier studies have shown that
solubilisat.on of plutonium in aquatic media depends upon the nature of the
plutomum-conta.ning solution introduced The predominant dissolved
plutorium species is dependent on the specific environmental conditions
Carbonates in water can complex plutonium and keep them 1in solution
However, the effects of naturally occurring organic matter present in
seawater have not been studied. The aging effect of Pu 1n solutions was
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ﬂe als [20] and to .rfluence the uptane 0 man trace elemen's b ;s
sed.ments (21" The interac* or of plutor.ur w.th organ ¢ maste= ex-1acred -y
-8 spom sed.ments was stud.ed d.rec-Iv an~d .n the presence o’ seawa‘er -
Seawater, espec.allv coasral warers, .s x1ouwn to contal . dissolved La™ic B
sabstances and organo-metaulic substances 122] The preparatono e
purif.ed organic extract trom sedimen:s s given elsewhere 123,

The pluton.um solunion was evaporated to drvness the res.due rahen
ir 0 1N HN\O; and maned w.th \lillipore-.dtered (0 22 um) seawate
Aliquots of the sarples were remoted at d.fferenr .ntervals and .rerea =
trrough 0 22 um Mualipore futer paper The platonium n the [l'rate was
est rated using a hnown volume and as.ng -*“Pu tracer
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i1des through sed.ments Part of the f.ltrate v as passed th~ough cation Dowex-30 \\a") ana %
1 to 2 orders of ar.on Dowex=1 (C17) columns Tne e “luents were analy sed separately or E

flesh over ~"®Pu «re.r Pu content The non-ionic spec.es were estunated .n the etlluens <,
ootained from cat.on-anion columns *

The same exper.ment was repeatec Jsing seawater *o which was added ﬁ 3

20 mg of organ.c matter extrac‘ed .rom sed.ments In the case o eilaer-s ol

he coastline of the ~mown alicuots o! the etfluents were maed w.th c.fferert volumes o' ..lerel _

seawater
In the case of direct .nterac*.on o' plutomum with organic matter
plutonium solution was evaporated ‘o drivness and was allowea to interact

2d for possible
itration of Pu in the
only the salt from the

]

¢
ik

ble concentrat.on of w.th 25 ml of pur:fied organic mat*er extract (1 ml = 0 37 mg of organ.c ik
a higher concentration ma—er) The pH was ma.ntained a* 7 0 Aliquots oi the solutions were 7-
arent salt pans c.alysed using 4 8 nm dial ser -ub.ng and the solution was 1iltered through B
ations at different 0 22 um Mallipore filter paper The .onic natwure ol Pu was estimated oy EX
us.ng Dowex 50 X 8 (NH; form) and Dowex 1 X 8 (OH” form) ion exchange e

res.ns The plutonium solution and effluents were estimated by decomposing 3,

*he organic matter with HNO;, and HC1O_ and counting the residue X
The exper.mental results are given in Table X The maximum amoun” “
o” Pu in solution was obtained soon atter mix.ng however, this decreased >

environment 1s likely w.th time AtpH 7 4-7 8 the solubie Pu concentration in seawater was
and the source of calculated to be 107 M Both cation and anionic species decreased with ht
n 1ts state, the t:me, while non-10nic spec:es .ncreased with time In the case of seawater i
.4

w1th added organic matter more Pu was solubiuized and retained in solution
with time. However, it was observed that after 30 days there was a tendency
for Pu to precipitate out, probaolv along with organic matter, which was
observed to be precipitated Tnis has to be investigated further There

was an increase 1n the anionic specles with time, clearlv indicating the role

ficance 1n the context

Jdiscussed the nature
1es have shown that
pon the nature of the

a1nant dissolved
imental conditions.
them 1in solution
atter present in
‘u 1n solutions was

0. organic matter 1n solubilizing and complexing plutonium,

Table XI gives the results of stud.es with effluents Maximum
solubilization of Pu observed was about 43 dpm/1 (1071 M), which was
rearly two orders of magnitude loxer when the pure plutonium soluticn
interacted with seavwater The lower concentration of Pu 1s a result of
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total orgame matter extricted 8% 7 mg
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-re »emo zl 0 Pa along w.wr otrer fiss'or products present in the eflluert
T-ere or# “rec ."°roc.c*.on C. such efiuenrs .n*o the aguat ¢ enyv ronment
s ..n€: "0 "es..” nloiel concentrat.ons ol pratontam .n soluole form n
seawaser Tr.s ntarn vl be .urther reauced as a resalt o! sorpt.on bv
sasnenden 54T . coasta. reg.ons The specles obta.ned were more or
.¢%s sar.e Z< 1 he ca=¢ ol pure Pu solu-.ons The non-ion.c species were
.#53 co™mparec .°F ro-e obta.ned at highe~ Pu concertrations The aging
e ©Ct was 2.50 less pronounced in thus case \Vhen organic matter was
acded -0 sezawatcr °® was observed that cat.on'c spec'es were not detectable
aver a per.od of 15 months and about 90% were .n the an.onic form

In the case of d.rec: 1nteraction of Pa w.th organic matter e\tract \
Table XII) .t was found that 1 mg of organic matter solubilizes about
27%10% ug ot Pu All the Pu had been converted to amon.c form

In all *tese experiments Pu sorption on to g:ass surfaces has been
ooserved The calculations were made on the basis of Pu 1n solution
Tane organ.c matter adaed to seawater changed the :on'c speciles of added
Pu The *endency for hydrolysis and subsequent removal was reduced
The relat.ve influence of carbonates and organic matter 1n coas*al water
has *o be stad.ed Further information is needed on the cher~.ca! and
biuiog.cal benav.our ot these species in the aquatic environment Since
Pa exists .n mul‘.valent s“ates, 1t 1s also necessary to know the interaction
w.th respect to the d.f.erent valency states

Platon'u™m .r coastal sed.ments

Stud.es reported earlier snowed that sediments have a very high
accumulat.on cavac ty for pluton.um and more tan 99% of the released
plutorium ge's locked up 1n coastal sediments It 1s necessary to know
the poss.bie ways by which these accumulated nuclides can be released
into the agueous phase

After -reat.ng with unconiarminated {iltered seawater and stirring
mechanically for periods up to 8 hours and examiming the faltrate for
plutonium content, sediments did not release any plutonium 1into seawater
Therefore .t .s unlikely that when sediments are transported to other areas
plutonium will be released into the water

Leack.ng the coastal sed.ments with 8)M HNO; has been found to remove
Pu quantitat.vely from sediments This was confirmed by decomposing the
residue and estimating the Pu [16]. It 1s to be expected that since most
of *he Pua deposited on sediments 1s the result of scavenging of the hydrolysed
products of Pu in seawater, acid leaching should be able to remove all Pu

A sed.ment sample was examined for the possible presence o1 Puin
the easily ox.dizable organic fraction of the sediment This was i1nvestigated
by treat.ng the sediment slurry with H,O, at 80°C in the presence of N/20 HCl
50 as to adjust the pH to 5 8 The solution was allowed to settle and
the {Jltrate /0 22 um) was analysed for its ?*Pu content after addit.on of
.nternal tracer 6Py, The alpha spectrum of the separated Pu showed no
trace of %*°Pu, indicating that Pu has not been released from the sediment
as a resul* of H.0O; oxadation It 1s, however, knowr trat H,O, does not
oxidize all the organic matter in the sediment There 1s also a likelihood
of the released Pu becoming resorbed on the sediment particles

To ascertain the possible presence of plutoruum 1in the organic fraction
of the sediment, contaminated sediments were treated with alkali to extract
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organic mat‘er (23} The purified extract was decomposed and the residue
processed to :solate Pu, plated on a plav'n um planchet and counted for
alpha activ.ty us.ng an alpha-spectrometer Pu was detectea in the pur.fieg
organ.c extract, .ndicat.ng the poss.ble assoc.auon of Pu w th organic
matter of the sediment Pu in the organ.c {raction separarea from sedimeny
ir one case accounted for 0 4% of the total Pu in sediments compared to
1 6<% of the total L 1n sediments

In another experiment, carried out with sed.ments collected after a
year from areas closer to the d.scharge locatior and examr.mng the purifieg
organ:c fraction as indicated earlier 1t was found that pluton.am was
reta.ned to the extent of 7.5% (Table XIII), which is very much higher than
was obtained earlier Both these experiments demonstrate the possibility
of Pu getting bound to the organic matter of the sediments and its possible
increase with time Further investigations are being continued to confirm
these findings and to understand their significance

SIGNIFICANCE OF PLUTONIUM IN THE BAY ENVIRONMENT

T™e 1nvest.gations carried out in the Bombay Harbour Bay have shown
that ‘races o1 plutonium released in the effluents from fuel-reprocessing
operations accumulate mostly in suspended silt and sediment The maximunm
concentration found in sediment 1s only 100 times the fall-out levels These
sed:ments, having accumulated other radionuciides like }3'Cs, 1%4Ce and
106Ru, might be a source of external exposure {15] The shore sediments
do not pose an wnhalation hazard from possible resuspension of the dried
sediments 1n air since the Pu content in the sediment 1s quite low The
limat for daly intake of Pu through inhalation pathway has been calculated
to be 37 dpm.

The maximum accumulation of 2*°Pu was observed in arca flesh The
average concentration values obtained for organisms collected near the
discharge location was 25 6 pCi/kg for *3%Pu and 273 pCi/kg for 95r In
the case of ingestion, on the basis of the limits for annual intake for members
of the population 9Sr 1s more limiting than ?39Puy, the limit of annual intake
of the former being 11 times lower than the latter Assuming that edible
organisms in the Bay are the only pathway through which one can be exposed
to radiation, the limiting concentration of Sr in flesh of edible organisms
1s calculated as 22 pCi/g and 246 pCi1/g for 9Pu on the basis of 40 g of
fish consumption per day [24]. The average concentrations of *Sr and
23%Py 1n arca flesh are only 1 24 and 0 01% of the lLimiting values respectively
Thereifore Pu would contribute only negligible internal exposure, even from
consumption of benthic orgamsms showing a high accumulation of Pu from
the discharge location

The Pu concentration in salt 1s also so low that i1t would contribute
only very negligible exposure.

The dose received by organisms from accumulated Pu relative to %Sr
and 13"Cs may be comparable in the case of fall-out, however, in local
environmerts receiving very low level liquid effluents from fuel-reprocessing
operations the dose due to Pu received by orgamisms as a result of accumu-
lat.on of released nuclides might be insigmficant relative to other nuclides
like 1¥7Cs, 1%Ru etc.
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and the residue There are uncertainties regarding the absorption of Pu ‘rom the Gl
countea for <rac* For soluble compounds this factor .s estimated to be 3 X 107> 7
d 1n the pur.fied However, Pu complexes can be absorbed to the ex*ent of 2% 125] \lost o1
 organic shese da-a have been obta:ned in laboratory experiments with amimals
a from sed.meng Pu .s likelv to be protein bound in organ.sms It 1s necessary to obtain
compared to data on absorpt.on ‘actors for the GI tract wren Pu1s ingested ~hrough

con-a~.nated 1ood Since age may also inflaence absorptior (23] this aspect
cted atter a also needs further investigation
~.ng the pur.flied In silt-laden coastal waters biological uptake and transport might be
n.dm was ins*zrif.cant  Silt movement will be the major transport mechanism by
ch higher than wh.ck Pu will be translocated from the discharge area Owing to the high
the possibility K, tactors .n sediment and non-leachability with seawater Pu would be
nd its possible a good tracer for studying silt transport As the major depository of all
wed to confirm released Pu in aquatic environments, sediments need further study to

understand their biological and geochemical sign.ficance
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DISCLSSION

A A MOGHISSI You say that plutonium constituted only a minor
fraction of the total re:eases Could you express your release values in
terms of the.r env.ronmental s.gn.l.cance however allowing for the fact
that pluton.um represents a greater environmental hazard than other
rad.oruciides®

kK C PILLAI 1 1eel one should look at the final values of plutonium
in the organ.sm 1o understand .ts env'ronmental signi icance The average
concentrat.ons of 29Sr and % Pu 1n the flesh of clams collected from areas
close to the discharge location 1s only 1 24 and 0 01%, respectively, of
the limitung values of these nuclides, and this is indeed low Even here,
the plutoriumr centribution to radiation exposure (for a person consuming
these organisme) i1s 125 t.mes less than that of “°Sr

Y NISHIWAKI In Table II you give the results o. measurements of
plutoniim in rainwater collected at Trombay I should like to ask you
whether these vaiues represent only the fraction of plutonium deposited
with rain all or whether they also include dry deposit.on I should also
like to know about the possibility of platonium resuspended 1n the atmosphere
by wind be.ng counted again, given the method of sample collection used 1n
your experiment What would be the soluble and insoluble fract.ons of
plutonium 1included in the Trombay rainwater samples”
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