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The discharge into the Columhia River of Pile effluent water ocontaining radio-
active elements has led to problems on the affect of the radiations on fish
living in the river. One aspect of this concerned the aceumulation of radio-
active materials in fish. Some work has been done op the metabolism of mixtures
of fisalon products and of several specific elemen but not with the particular
mixture of saterials discharged in the Pile effluent. ZThe Fish lLaboratory pro-
vided suitable material for the assay of concentration in fish at this site.

This laboratory was under the supervision of R, F. Foster (P Department) who

very kindly made special exposures of fish to active water for some tests,

The activity of Plle effluent water arises mainly from Na2é and Mo”0 with
about 1% of miscellaneous longer lived elements. The balf life of the a5

is 2.5 bours, requiring rather rapid analysis of fish in order to determine
the ooncentration at the time of removal from uhe active water. HNa aotivity,
with 14.8 hours half life, nould be meesured with ease.

The oontribution of the H.I. Section as described in the followin, report was
in no way directly connected with the welfare of tus fish, but was carried out
in an attem,t to measure the accumulation of activity so0 that the dose received
by any organ ooulu be calculated,
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Summaxy

The concemtrution of active msteiials in the fish depenris to a large extent
upon the organ chosen for study. A table of concentration fastors (ratio
of activity in the fish to the activi®y in ths same weight of water) for
steelhead trout is given below,

Iahle 1
Ratio

Rater Activity
Organ Axerags Naxioog
dver 30 b
Stomach 16 21
Kidneys k11 48
suscle 1issue é 1
Vertebrae 20 33
(d1ll Arches 32 by

The mavimm activity in a fish expoeed to this water appears o be reachsd in
24 hours. After this time, the activity will ap.ereatly fluctuate with any
long~period changes in the conocentration of the water ana the concentration
of other inactive materials,

The acoumulation of long lived activity ipn such fish as trout and salmon ket
in the effluent water is apsamtly ipap, . reciable, Some material similar in
radloactive properties to P32 1s built up in the suckers feeding from the
bottom of the river at the end of the spillwmays.

Erccedures

It 18 to be expected that the skin and scales of any fish in active water
would become hiyhly contaminuted siuce these portiuns are Iu constant contact
with the wuter. A4s a resuit, it was necessary to perform inc wssections with
extreme .are to preveut the spreau of activity from one portiun to anotiwer,

The general irocedurv wus to jdn the fish to a buurd, and by a median ventrai
incision lay ‘“.he body cavit) vpun. 4 new «nife was then useu tu remove Lue
organs., The intestines wers ciampou off w0 revent fiuius frua flowlig iuto
the bouy ocavity, and the organs to Le analyzeu were Lhun reowvec. A sectlion
of it vertebrae was cut out, along with tne surrounuing wuscie ti:sue, T.e
tissue wus scraeu 0itl anu tue ortions treateu se,aratel,, tuch sa.. .e was
wei,hed 80 tnut tne reiative cuncentrations of metive ..o.orise. o u.g
obtuined frum the cotai activity .rescrt,
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dnds sahdng wlhow re., ol _o.slder iv tiv IoF Lol L.w 85010y w..d i@ Ulnas
eva,orutivn LI une rdiric eci. sowtd o n Do reddlae, S osaagitey Lifterect
wetned was auu,te. w#non Lhe jriear; . 0,6C. lLecals Ui .emduTeldil ol siw It
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disu directly in tne Ifurnace. oevers: ap odcauions ol concentr . ton tiwric asii
greatly 3peweaeu u, tune asnin, ,rocess, S83,.1¢3 00uaa UL LiozzCleu, 83Led, &nd
ready for eounting witrirn 3-6 pours by wiis _rocess.

The procedurn fcr analyzin, saimon e,¢s was Lo boil the egy until tue conteunts
were soliu, and then carefully peel tff tnu suter suell, asndn, of tuese
pleces was ione in solution by the use of wt nitric aciu ana hyarogen peroxiue,

The ocounting was done on the to, sue.f of & aica winaow Heta set.. Sampies were
counted for five minutes to one hour, .e,ernulny; u on tne total activity preser:,
The results were then calcuisnted to microcuries per kilogrum on tne besisof

20% geometry,

Regults

fxelindipary Search for long ldved agtivity
da_In ¥ish Laboratory

The first analyses were perfommed on 9/14/45. The disseotions ana further tech-
niques were purely exploratory and the accuracy was consequently rather low,

A small emount of activity was detected in the organs, bones, flesa aund skin.
Decay curves indicated that this activity was mainly Na?é with some trace of a
longer lived activity.

The second group of fish oonsisted of five salmon that had been in the water

for 30 days and out 3 days before counting. These fish were dissected with

extreme care {0 preveat the spread of ocontamination. Results were as follows:
Zabla 2

daidlviiy of Five Salmon Lxva Proceas Nater
Boxsion Ak Gn) e/ (et)

Idver 0.5 0ol

Stomach 028 n,08
Muscle Tissue 0.2 0.05
Vertebrae - 0432 0,13
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vn 1.,/17/45, six trout were w.slyzc. in two uatcies ST Wireo s,.ucinuers eacr. »
une botel vt ITuw Cuitamliioatts watel amd io otalT was ITud cloean river wat: T,
400 conLbaili.. Sou rish noad ween 1u LOF 48 JA, 8 fud Vub & LEj.e 408 netivivy ~i
all _ortizn. wus les. Ll Jeu. wicrocuries ;ar kilograa on rotn batcues, indicet-

ing tist ver, litt.e lon, idveu .etcrial was sresenta.
Za 1o Hiver
A uicker was caught in ine volumbia rdver, near & ulsc:argé oint for the elfluent

wature The activity of tue variow gortion. as ocounted uiree Jdays Jgur is given
in Tabie 3,

lakle 3
Actdvity of Sucker from River at 100-F
Muscle Tissue 0,08
ldver 0.19
Kidneys 0e 29
Vertebrae 0.05
Skin and Scales C.21

Decay curves orn these samples have indicated that the activity bad a half-life

of 14~15 deys. Absorption of the beta radiation in alumimm indicated an energy
of about 1.6 MEV, This sotivity is comparable with that of P32, which has a half-
1ife of 14.3 days, and a beta energy of 1.7 MEV, iud samples from the botitom of
the river at this point gave only 0.02 ,.lc/kg. Energy and decay rate were not
measurable on this sample,

Heasurensnte of Short lived Activily

- la_Mater Messursnents

A series of measurements was made on water obtained from the troughs during the
period over which the fish were anglysed for tne ahorter lived activitles.

These nessurements gave values of 0,2 t0 0,28 microcuries per liter with an
average valus of 0,25 microcuries per liter. One water sample teken while the
water in the troughs was somewhat murky was allowed to stand for a short time
before testing. This sample was then divided into three portions and memsured.
The two portions from the top of the bottle gave walues of 0,23-0.25/C/L, while
the bottom portion gave 0,86A40/L, This indicates that the flooculent material
in the mter adsorbs the activity quite strongly.
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2along Exposuras .

Three trout that had beenm in effluent water for five montns were dissected and
analyzed. Two of the trout (4 and B) were removed while the water was clear,
umﬂmmndﬂ)nammwdﬁﬂawen%rns@nouﬂymmﬁwh&-
washing of the filters in the water purification area. This last fish had con-
centrations in the liver, kidneys, and gill arches considerably less than was
obtained in the same organs of the other two fish. This was possibly related
to the flocculent backwash material, The values obtalned on the individual
organs of each fish are given in Table 4., &ll of these activitiea have been
extrapolated from the tine of counting to tne tiue of sampling by means of a
15 hour half life,

Tadic 4
Actdvity of trout from bffluent ¥atex

Fish A L S
fortdon po/ke- He/ke pslkg
laver 10.0 9.5 5¢4
Stomach bef 5.3 49
Kidney 8 7 .8 12.0 3.9
auscle Tissue 0.9 1.1 2.8
Vertebrae 39 74 2.9
Gill Arches Be8 9.5 0.97

3. Build ¢ a2 actavit

In an attempt to exulain the changes in activity noteu in ue three trout analyzed
for has, a series of fish formerly <eyt in clean water was exyoseu to effluent
wotur for times varyin, from 6 hours to 72 hours. One fish wei ning 30-50 graus
was useu for each exposure tl.e. Tne times were arranged 80 toat tne fish for
tne 6 bour ex osurc cawe out rirst, the two fish for tue 16 eud <4 hour exposures
ca.ie out next, anu the two risn for the 48 and 72 hour uxposures came out last,
I'ne reswits for tue inuiviuwual organs are  iven in Fijures 1l and 2 attucned,

In every orpan, a uaximwi is reacaeud in lo-«4 bours fulloweu by a siniticaut
uecrvase in the 46 Anu 72 hour ex;wsures. 4iue uverall nalf-life of tue activiiy
in 4o various urpgans vurdn, the lust 4c sours ol tne exjouure i. between 30-20
nours. Lnus tne orgens were ,dekiuy u, owly atwut ..l es much uctivity us

tiley were looll,, o, Tadloselive avcay wuring thic ~eriou,

A coc,c rison off trds aute ith Lt obbiiaed 1 wne loin,, e osure ot unn Wumut
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The accumulation of activity in non-f ,
also measured, In this case, the exposure times were adjusted so that all
the £ish came out of the water at the same time, Since the fingerlings were
quite small, they were ashed as a unit with no attemyt at dissection. The
average concentrations as measursd by two fish for each exposure time are
given in Figure 3, The concentrations are of the order of magnitude expected
for the average from the data alrvady obtained for the trout. The slight
maximun may well be due to indivicual fluctuations in the fish, since the
individual values for the two fish at 72 hours were 4.4 and 3.6 uc/kg, while
the values for the two fish at 24 hours were 4.4 and 4.5 po/kg. Wthin the
apparent accuracy of both series of tests, these concentrations are in approx-
imate agreement with the resulfs of Prosser, Pervinsek, Armold, Svihia and
Tonpkins, The concentration phenomenon is probably a function of the tctal
sodiun ion concentration present, which in this case was about 20 ppm.

he _Agccumulatdon of !n56

No specific measurements were made for ltn56 since all analyses were for gross
activity, However, a series of half-lives of the activity from the fish gave
values of 14~16 hours, while the activity from the water gave values of ~ 12
bours. These measurements were made or. the basis of two counts about 20 hours
apart, with the first one two hours after sampling. The fish, then, contained
little or no Mn”° activity, while the water contained about 10-30% of this
mteriﬁ.l.

Sadotddty of Salmon kggs

One group of salmon eggs that had been in cooled urocess water for 22 hours

was examined. 1he techniques were purely exploratory, and the data was of

rather low accuracy. However, the activity inside the shell was low (<0,03 po/kg)
indicating that little sodlum or nmanganese is absorbed through the tough outet
shell of the egg,

J. ", ngal,y
Senior oupervisor
Jaut s li, I, Special otuuies

140323

A4



F\g ‘ *

%
ACTIVITY INCREASE ~

In Steelhead Trout n 105 Water
i/8/46 —1/11/46

/-.Jt) /I
Q.27 4t

{0

MC/Kg

- — = =+~ Kidneys
——— <4 Vertebrae

e G411l Arches

\b_

o M (el

« outhbiae . Wy

1140324

1.0
A Poay W

ey LN
ast v = enoviiasBen

2.0

Expesure in Days

3.0



ASIE NN

A4 C'Kg

io

FI‘ 2
ACTIVITY
In Steelhgad Trout

A\t

Iy 8/46 - 1/11,/46

7-3.’)/7’

g o a.a7 -#E
INCREASE‘?.\;:?‘ )

Tol-) .&I‘CY -

Liver

————————

Stomach

| —— Muscle
Tissue

~
~
~
\\\
~
.
/ I e
\ s'-‘
/ \
\L\ —
\
1.0 20 3.0

Timg,milpoauro in
LT gl N ol Nedia @D
o t . ]

. o ‘wn the

' one
- e s Jlgte
ey T e e s O VREARSIRS

o™ ot R
- . u probibised Y i

L

’ 4

L

o

RE!



. eny

iy g 2~

] ~ 357,57

140324

o
I |
—

L-A7-%
3
LS Fog s , |
. ACTIVITY INCREASE:
In Sdimen Fingarlings In IP&:"Watcr
T 40
3o
00
4
~
Q
1
R L. -
!
i
~ S
‘ 1
.
i
i
.._...._+ + —_
Tmp et Eepeewre e 2



