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BNSA-&S
THE UFTAKE AND RETENTION OF P32 AND zn®3
FROM TEE CONSUMPTION OF COLUMBIA RIVER FISH (a)
John F. Honstead (b) and David K. Brady (c)

" Battelle Memorial Institute, Pacific Northwest Laboratory
Richland, Washington

INTRODUCTION

The Hanford plant in Southeastern Washington uses Columbia River
water to cool severai large plutonium producing reactors. The cooling
water, after passing through the reactors, is discharged to the Columbia
River. In its passage through the reactors, the water accumulates small
concentrations of radiocactive materials, largely the result of neutron
ectivation reactions. In the Columbia River these radioactive materials
enter into numerous biological, physical, and chemical reactions which
affect their distribution. Some, entering the algae - insect - fish
food chain, are reconcertrated and contribute to the radiocactivity in -
some of the food fish removed from the river downstream by fishermen.

This pathway of radiation exposure to the public was determined <o be the
most significant of the several possible pathways whick have been examined
ir detail (l). The radionuclides which prove to be of most interest in

this exposure pathwey are P32 and Zn65, because both zinc and phosphorus

enter metabolic processes,

(a) This paper is based on work performed under United States Atomic
Energy Commission Contract AT (45-1)-1830. Permission to publish
is greatfully acknowledged. .

(b) Research Associate, Radiation Protection Department, and (c) Engineer,
Radiation Protection Departmernt, Pacific Northwest Laboratory,
operated by Battelle Memorial Izstitute, for the United States Atomic
Energy Commission, Richland, Washingtor.
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From the standpoint of exposure dose resulting from eating Columbia
River fish, the radionuclide of greatest significance is P32. It represexnts
by far the majority of the radioactivity in Columbia River fish. tailed
analyses of the possible exposure dose o individuals from this source
depend on the amount of Columbia River fish considered to be part of their
diet. Based on liberal assumptions concerning the amount of fish consumed
by individuals, it is possible to estimate that they could obtain up to
40 per cent of the permissible body burden of this radionuclide. The
parameters which were used by various agencies to arrive at the permitied
body burden of P32 were evaluated on the basis of experimental evidence.
This experimerntel study was conducted to contribute to this evidence. The
experiment studies the uptake and retention of P32 by volunteer subjects,
meking use of the available Columbia River fish which are already tagged
with P32, Similarly, the uptake and retention of Zn65 from these fish -

was also studied because, although Zn65

does not significantly contribute
to the exposure dose from eating Columbia River fish; it is sometimes used
as a convenient measure of the amount of fish in individual diets.

The amount of radioactive material found in fish frém the Columbia
Rivef is known to be a complex function of fish species, season, river
flow level and temperature, reactor operating conditions, and the location
of the catch in the river. The concentration of a rﬁdionuclide in several
samples from a selected species of fish taken from a givern sampling
location on any given date will display a vi@e variance about their mean.
The varience contributed by these factors determines the confidence with

which one can estimate the radiation exposure from fish consumption. It

is generally necessary to choose some average value for all the fish
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sampled and to depexnd on the application of conservative essumptions to
assure that the resulting estimate is as high or higher than an actual
65

case is likely to be. In Figure 1 are shown the P32 end Zn~” concentrations
averaged for all fish samples taken from the Columbia River during & three-
year period. No attempt is made here to distinguish species. The seasonal
effect on concentration is clearly evident from the monthly averages shown.

The experiment encompassed an eleven-week period during which
Columbia River fish were eaten by seven volunteer subjects. In an effort
to make sure that sufficient P32 would be present to permit ready analysis
of the supjécts' body burdens and excrete, a deliberate attempt was made
to obtain fish apt to be high in P32. Columbia River whitefish were
chosen because they normally contain the most P32 and are easy to cetch
during the fall season. The fish were obtained from the sampling sites
wvhich were known to provide some of the highest.concentration levels.
The experiment began with an intense consumption schedule of one meal
of fish per day for five days followed by & period of one meal of fish
per week. During the initial week and immediately following the end of
the experiment, excreta were collected from the subjects and analyzed
for:Zn65 and P32. Figure 2 displays the course of the experiment. As
can be seen from this figure, regular body burden measurements were made
for both P32 and Zn65 during the ingestion schedwle and during a decay
period following. As e matter of fact, the individuals’ Zn65 body burdens
are still in a process of decay.

To simplify the problem of assuring a\unifonn ingestion rate, a

large enough supply of fish for all subjects was cbtained and filleted

each week. The fillets were then ground in an ordinery food chopper and
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thoroughly mixed. The chopped fish was sampled for laboratory analyses

and the remainder weighed in 200-gram portions. These 200-gram portions
were frozen until they were eaten by the subjects. Analyses of duplicate
samples of the mixed ground fish showed excellent wniformity. The subjects
ate the entire portion provided them, prepering the fish in the form of

stew or & casserole dish to avoid any losses from frying or broiling.

PHOSPHORUS-32

The P32 body burden accumulated as a result of eating Columbia River
fish was measured using & special betza counter developed and calibrated
for P32 in the human body. A description of the counter and its operation
has been reported by Palmer (2). The development and successful demoﬁ-
stration of this counter made possible the measurement of P32 in vivo for
the first time and encourag?d the design of this experiment. This detecucr
consists of a 6" x 6" x 1" gas flow proportional counter mounted on 2
5" x 1 mm thick Nal crystal and 2 photomultiplier tube, the counters
connected through a coincidence circuit. Beta rays emerging from the
surface of the skin produce pulses in the Nel counter and the proporticnal
coun%er at the same time and are then accepted by a 400 chennel pulse
height analyzer. Gammz rays and X-rays which do not efficiently produce
pulses in the proportional counter are rejected, thereby reducing the
background of the counter significantly. Thne detector was placed atv the
side of the head of the subject during the counting time of twenty minutes.

L

This particular geomeiry was used to obtain a minimum backgrownd from
the influence of Kho beta rays. The average counting rate at the side of

the head was 1.0 counts per minute per nCi of P3¢ in the body and the
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detection level was 40 nCi of P32 at the 95 per cent confidence level.

The instrument used to make whole-body measurements of P32 actually
measures the beta emission from a& rather small volume of flesh in the
cheek. Thus, the P32 in & comwbination of body tissues including blood,
muscle, and skin is detected. The natural Kho content of these tissues
gives a rather high background, equivalent to a body burden of about 150 nCi
of P32. This background is large compared to the P32 concentrations that
were obtained as 2 result of eating Columbia River fish, and represents
the most severe limitation on the precision of our data. Also, the

3 4n deeply buried organs and

instrument does not detect deposition of P
tissue such as bone, except as this deposition affects the P32 content
of blood, muscle, and skin.

The problem of phosphorus metabolism was examined with the anzlog
technique deyeloped by Watson, et. al.(3). It was possible to make only
a single test using the best transfer parameters readily available. - The

resulting hypothetical P32

concentrations in various tissues were plotted
from the analog program. These results are filled with many uncertainties
because of owr faulty knowledge of the values of the iransfer coefficients.
However, the curves probably show the relative positions and shzpes of
most of these concentration values and give us some idea of how the P32
‘body-burden measurements can be interpreted. The anslog data indiczte
that the concentration of P32 in skin is very low and this was borne out
by our failure to detect P32 in samples of §kin scrapings. The shape of
the concentration curvgs for blood and for muscle are shown in Figure 3.

In general, it is evident that blood concentration has a prompt acute

peak while the muscle concentration curve reaches approximately the same
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velues st a somewhat later time and decays off much more slowly. Using
these curves as a guide, and actual whole-body counting points, & rough
composite curve might be shaped as shown in the upper solid line at the
left in Figure 3. The actual points obtained tended to indicate the
double-peak shape. To the right on 2 considerably longer time scale are
shown the P32 decay curves obtained from the whole-body counting instrument
for three subjects. The best fit decay curves for these three subjects
have slopes representing effective P32 half-lives of 10.2, 9.6, and 8.7
days, respectively. The composite points for all three subjects give a
best fit slope of 10.2 days.

From the whole-body data obtained very early in the experiment, it

3

was determined that all subjects absorbed P g quite completely. The com-

32

parison of body burdens.and diet gave P~ uptake fractions indistinguishable

from 100 per cent. The best interpretation of these early results would
indicate that 2ll subjects studied had greater than 95 per cent P32 absorp-
tion. |

In Figure 4 the bodj burden measured for each of seven subjects
eating Columbia River fish is shown during the course of the experiment.
The ﬁoints near time zero indicate the measured background for the
individuels, which was subtracted from subsequent whole-body measurements.
The solid line is a calculated body burden assuming an effective P32 half-
life of 9.3 days and a fractional uptake of 1.0. These values were obtained
from the first anzlysis of the experimental data and may be revised by more
detailed study. From these datas, it is cle;; that az diet §f 200 grams

of Columbia River fish per week may be expected to result in 2 P32 body

burdep of around 200 nCi with the fish concentrations obtained during
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this experimental period. The scatter in the various points refllecis

both the individual variations among subjects and the uncertain precision

of our measurements. Note that the meximum body burdens atteined were

little more than four times background. The scatter in the final measurements

at the end of the experiment was too great to permit adequate decay measure-

ments with these data. However, they do not seem to be in‘marked dis-

agreement with the 9.3 day half-life used in the theoretical calculation.
One of the difficult problems encountered in applying health physics

data. to. estimates of exposure for individuals in the population is the

uncertainty concerning individual veriaetions in the pertinent metabolic

parameters. It was for this reeson that seven subjects were utilized

in this experiment. The scatter of the whole-body counting dete shown

in Figure 4 reflects, at least in part, the individual variations in

P32 retention by the subjects of this experiment. All of the subjects

had the same P32 ingestion schedule.
ZINC-65

Zinc-65 has a suitable gamma component to permit whole-body measure-
menté using & conventional whole-body counter. The Henford whole-body
counter has Been described elsewhere (h). For purposes of this experiment:
& 9 3/8" x 4" NaI(Tl) crystal shielded by 26 cm of iron was used. A
counting time of twenty minutes per meesurement permitted an accuracy
of T 5 per cent and a lower detection level Pf approximately one nCi.

In the absence of a method for measuring P32 in vivo it has been
our custom to estimate what possible P32 body burdens might result from 2

fish consumption reflected by the Zn65 body burdens measured. For <this
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€
reason, it was of considerable interest to us to measure the Zn > content

of the subjects eating Columbia River fish end to compare these data with
the P32 levels. An eerlier fish consumption experiment et Hanford weas
conducted using a single subject (5). In this case a zinc absorption
fraction of 39 per cent and an effective Zns5 half-life of 150 days were
obtained. These values may be compared with those reported by the I.C.R.P.(é)
of 10 per cent and 194 days.

In the experiment reported here the average Zn65 absorption from fish
consumed during the first two days was 4O per cent, ranging from 31 to
50 per cent among the iﬁdividuals. There was evidence that the individual
fractional uptakes changed during the course of the experiment, varying
over & range similar to that between individuals. At the end of the
experiment the accumulated body burdens indicated an average fractional
absorption of 35 per cent, the individual values ranging from 25 to ks
per cent. The loss of Zn65 from each subject following the period of
fish consumption indicated an average effective Zn65 half-life in the
total body of 299 days, considerably higher than the 150 days measured
earlier or the I.C.R.P. value of 194 days. The individual values for
the seven subjects ranged from 197 to 448 days. The Zn65 retention data
from this experiment are suspect, however, because the subjects had some

opportunity for routinely obtaining small amounts of Zn65 rom unmcnitored

portions of their diets. Such ingestion during the decay period would

65 in the body .

tend to increese the epparent effective half-life of Zn
1y
"Local residents having occupations similar to the subjects of this

experiment are routinely found to have Znss’body burdens of 2 - 3 nCi Zn65

(7).

from all diet sources

0021808
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65

of the seven subjects are plotted

€5

The measured body burdens of Zn
in Figure 5. The solid line shown in this figure is the theoretical Zn
body burden calculated for 39 per cent absorptiorn and 150 days effective
half-life. The first set of points &t the left appeer high, probably
because of unabsorbed Zn65 in the subjects' gastrointestinal tract at
the time of counting. All of the subjects had the same fish diet, so
the scatter shown must result from differences in their absorption and
retention of the radionuclide together with any differences in Zn65 present
in other diet items. The intake of low levels of Zn65 from other than
fish would not greatly affect the position of points on this plot, but
cowld have a major effect on the calculated effective half-lifé determined

from & least-squares fit of decay data.

DISCUSSION

This experiment provided an opportunity to demonstrzte the applicetion
of the instrument developed for measuring P32 in vivo, and to contridbute
new information on metabolic parameters for P32 and Znés. The experimentzl
application of beta measurements for whole-ﬁody P32 determinations was,
on éhe whole, successful, The calibration of the instrument made with
_other subjects and under different conditions geve whole-body values which
seemed to agree well with the analyses of the fish consumed assuming a
rather complete absorption of P32. The apzlyses of excreta tended to indicate
a somewhat lower absorption, but the interpretation of these data is not
complete. The application of these data t; exposure dose calculations must

be made judiciously because the instrument can measure P32 only in blood,

muscle, and skin. The deposition of P32 in bone is not measurable with

00218019



- 10 - . BNSA-L45

this instrument. However, the experiment demonstrated that an equilibrium
distribution among other tissues is attained which can be measured. It
was shown that the distribution of P32 among various body tissues changes
with time, so that measurements made soon after ingestion probably will -
not represent the equilibrium distridbution. For such prompt P32 measure-
ments & speéial calibration of the instrument is necessary. .
The fractional uptake of P32 determined in this study appeared ito be
slightly higher than that reported by the I.C.R.P., while the effective
total body half-life was found to be slightly lower. The overall effect
of these differences on calculated exposure dose from ccnsumption of P32
is not large. The resulting calculated exposure will be little different
from that determined previously, the différences remaipning within the
uncertainties in the determination. Phosphorus-32 is excreted from
the body in both urine and feces. While more than half appears in the
urine, a surprisingly large fraction of the P32 was eliminated in the
feces, even after the end of the ingestion portion of the experiment.
Blood samples were obtained from the subjects at the same {time that P32
measurements were made. Anslyses failed to find significant P32 in blood
sam@les, apperently because the samples were taken too long after eating
fish. As is apparent from Figure 3, the concentration of P32 in blood
decreases very rapidly after ingestion. The samples of fish, excreta, and
blood were analyzed using & scintillation technigue in a well crystal and |
nmeasuring the P3z Bremsstrahlung. Occasional checks of these analyses
wvere made with chemical separation and bet; counting. Thé difficulty of
making accurate determinetions of P32 in excreta samples at the very low

levels encountered in this experiment contributes to the unceriainty in the

00218190



- 11 - BNSA-L5

absorption calculations.
Zinc-65 analyses were all made with scintilletion counting in a well

65

crystal. Approximately 90 per cent of the Zn"” was eliminated from the

body by the feces. The whole-body counting for Zn65 is a straight-forward
procedure, complicated only by the possible presence of unabsorbed Zn65
in the lower digestive tract.

There appeared to be somewhat greater variation of the metabolic
parameters of fractional absorption and effeqtive half-life in the case
of Zn65 than was apparent for P32. It is not always possible to dis-
tingulish between variations in the two parameters. The data suggest that
considerable difference may occur between individuals and elso from time
to time for the same individual. A subject for whom an effective half-
life of 150 days had previously been measured over & two-year period,
was found tovexhibit g 197-day helf-life during this experiment.

When an individual is‘found to have a certain Zn65 body burden, this
could result from either a single ingestion of a sizable amount or an

65

extended continuous ingestion of a relatively small amount of Zn~-. While

it is impossible to interpret the Zn65 body burden to tell the mode of
ingéstion, the P32 body burden level accompanying the Zn65 is very
sensitive to the schedule with which the fish were eaten. Figure 6

shows this relationship. This figure shows the E32/2n65 ratio calculated
for subjects participating in this study. The bars show the P32/Zn65
ratio found in fish. Early in the experiment the high P32 content of I .

and high absorption of P32 65

relative to Zn -~ gives a large ratio. This
ratio declines as the Zn65 body burden of the subjects accumulates. The

ratio rapidly decreases toward zero during the decay interval during the
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end of the ingestion. + is cleer that if a Zn65 body burden determination
were made &t some point for én individual for vwhom the ingestion history
was not known, the interpretation of this result in terms of P32 radiation
exposure could give uncertainties ranging over several orders of magnitude.
The better the diet history of the individuel is known, the greater is

the confidence that can be placed in the radiation exposure calculations.
For situations of the kind depicted here, it is clear that methods of
obtaining accurate diet information are very important, and the develop-
ment of techniques in this field could be rewarding if such vicarious

determinations are to be attempted.

0021812



- 13 - BNSA-L5

ACKNOWLEDGEMENTS

This experiment required the cooperative efforts of numerous
scientists and technicians to collect and analyze samples and to operate
the whole-body counter. The contribution of the volunteer subjects
who manfully ate ground fish on schedule for eleven weeks was of particuiar
importance, and their cooperation is acknowledged with appreciation.

In particular, the assistance of the following scientistis is acknowledged:
Dr. Guy H. Crook, Dr. Thomas D. Meshony, Mr. Claude R. Henle, Mr. Lloyd S.
Kellogg, Mr. John J. Jech, and Dr. Richard F. Foster. Techniclans whose
interested help was invaluable include: ILinda Dalton, Jean Warder, Rovert

Beaver, and Charles McCoy.
REFERENCES . .

(1) wilson, R. H., "Eveluation of Radioclogical Conditions in the*
Vicinity of Hanford for 1964", BNWL-90, May, 1965.

(2) Palmer, H. E., "Determination of P3¢ In Vivo", 1964 Annual Meeting
of the Bealth Physics Society, Cincinmnati, June, 196k.

(3) watson, E. C., R. A. Harvey, L. K. tad, H. N. Hauser, S. V.
Panesko, "Iderm - An Analog Computer Program for Intake, Distribution
. and Excretion of Radionuclides in Mammals", 1965 Annual Meeting
of the Healih Physics Society, Los Angeles, June, 1965.

(4) Roesch, W. C., R. C. MeCall, E. E. Palmer, "Hanford Whole-Body
Counter - 1959 Activities”, EW-6TO45, December, 1960.

(5) Foster, R. F., "Accumulation of Zn65 From Prolonged Consumpiion

of Columbia River Fish", 1963 Annual Meeting of the Health Physics

Society, New York, June, 1963. :

(6) Internetional Commission on Radiological Protection, Report of
Comnittee II on Permissible Dose for Internal Radiation, Pergamon
Press, London, 1959.

(7) Bredy, D. N., -"Hanford Whole-Body Counter Activities for 1961-1965,
Hw-82409, Mey, 1964%.

0021813



p)

- v
L."'-r

]

it

CONCENTRATION OF ZINC-65 AND PHOSPHORUS-32

IN COLUMBIA RIVER FISH

cemmmew P32

I'Ji

J D'J J

D'J

ILJI11'11‘11111!11!¢\(_L1‘J'!'

1000

welg lad sagindodld

10

1964

1963

1962

002181y



2 “o1d

3 ////) siskfeuy pue u01}23]j0) B}aiIX] /7))

a|npayoss bupyuno) coUZ

R T B B O B A A A I
: a|npayss bupuno) Z¢

2 A I T T T A Y

potiagd Aedagq A ’ m___:um:um uolysabu|
IR T e

coUZ cedftrforfoe|s] t]o]ls|o]e]e
T \.|Y33M[¥95M 33 1oOM 1M Praam | oam

4

: [
Y9aM D1 Praam eam

WUSI4 JaAly elqunjo) jo
uondwnsuo)y ay} wouy GoUZ PUBR 5.4 Jo UOljuUa}ay pue ayeydp,

NIISIQ TVINIWIYIL X3

0027815



n
e
Phairy

ELSh-

\O

£ "o1d

sheq sINOH
02 st 01 S 0 ov o€ 0z 01 0
| i | ! | L i L ! ! !
/, /
] \ /-
. / \
- (bojeuy) pooig VAR
dr \ H
] . i
_ N/ 1d
. —_— ‘!\\\VA “l
skeg '8 ] (Gojeuy) a|asni Iy
skeg 9°6 - / L
skeg 2°01 o
2111 JleH —_— o o
aAl123))3 z2¢d ° N
painseaw

sjuawainseay
uaping Kpog

2¢d

NOILNILIY z¢d

06

001

00s

0001

ION - uaping Apog z¢d

00218150



[T
-

——ree
—bvhy

1 "DIA

skeq
001 06 08 02 09 0% ov 0¢ 0¢ 01 0
ner L My T
00°T = 4 ‘sheq ¢¢6 - Louym
— pajeinajeg ‘uaping Apog |ednsi109y]
2 ~(1uno) ejag |eniu] 1oy
//// paj)dai110)) bujjuno) ejag oAIA-U] kG x o> voao
ﬂ S painseaw ‘uaping Apog Nma ,$123lqns
* <
N — K
>4
NN 4
a ) * o
Q ¢ 8 7 B
o ! > : %
Y N ,//;m A RN 2 o R _a M
[} LT 'V, Y Y
/_ v N v b_/w
B 8 PN *
. " v H
a

JLVANILST

TVNLIEO0T L SA HISIH UIANY VIGWRT00 40

IS,

SILLHINSNOD 410 NIGENE A00T g ef QQQ\V%R%%

0t

0¢

oY

09

03
00T

00¢

00V

009

008
0001 -

1Ju - uspdng Apog ng

0021811



¢ *DId

-0
N —

skeq
00¢ 081 091 ovl 021 001 08 09 oy 0¢ 0T
3 ¢
6c0 - M4 'skeq ost - TLounm _
payeinaje)d ‘uaping Anog ERIRERLEL
. | . v
(JUajuo) ¢qUZ |elluj Joj payoastod) o
painseaw uaping Apog mo:N ,$128fgns v :
S 9
8
0t
d -
o’]v/”. <>
] T v
B 5
—— 0¢
- oy
~ 09
..... : . 08
—_ : 001

SLVENHLE
TWILTYOHNL SA HSIS YIAIY VIGENHTOO 0
HOILAEINSNOD LI08S NIGENT AQO8 699Z (IAYNSYIo

1Ju - usping Apog g9uz

0021818



R

1
I
N
]

THE P32/Zn65 RATIO IN MAN FOLLOWING PROLONGED
CONSUMPTION OF COLUMBIA RIVER FISH
(Calculated)

45

40

P32/7n65 in Man

30

25 —
P32/2nb5 in Fish

P32/Zn65 Body Burden Ratio

20 _ﬂ-
!
2
15 iz
IR
10 I ' ¥
. ¢ \-—j
507 S N
4 F b}
Fish Consumption
0 L ‘ i 1. L 1

00278119



