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CONCENTRATION OF RADIOISOTOPES IN
COLUMBIA RIVER WHITEFISH IN THE VICINITY OF THE
HANFORD ATOMIC PRODUCTS OPERATION

Results of a study on the uptake of radioisotopes by Columbia River
whitefish for the period from June 1950 to December 1956 are pre-
sented, Differences in concentrations of radioactive materials as
related to geographical location, season, age, specific tissue, and
concentration of reactor effluent in the river are discussed,
Changes in concentration with cooking were determined.

Maximum concentrations of P32 on the order of 2 x 10"4pc /g of flesh
were recorded for sportfishing areas immediately upstream and down-
stream from the Hanford Atomic Products Reservation. Human con-
sumption of whitefish flesh at the rate of 2.7 pounds per week from
public fishing areas during the fall months would produce maximum
permissible concentrations of P32,

INTRODUCTION

The Rocky Mountain Whitefish, Prosopium williamsoni (Girard), is

the most important food and game fish caught from the Columbia River in

the vicinity of the Hanford Atomic Products Operation, The number of
fishermen angling for this species in waters adjacent to HAPO has increased
markedly during the past several years. Fishing intensity is greatest during
the fall and winter when most other waters in this region are closed to fishing.
On certain days during this period over one hundred persons have been
observed fishing in sections of the Columbia River immediately above and
below the HAPQO reservation, An estimate of the relative economic im-
portance and abundance of this species has been reported by Foster and
Watson (1).

Radioanalysis of tissues from whitefish collected during 1852, in
conjunction with the overall radiobiological survey of the Columbia River (2),
showed that some of the fish taken from sportfishing areas upstream from
the reactors contained relatively high concentrations of radioisotopes. An

.
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intensified study was consequently begun in 1953 to define the radiation

levels in whitefish and to evaluate potential radiation hazards to man, This

report includes data on the radioactivity of about 1500 whitefish collected

from June 1950 to the end of 1956, Earlier findings have been reported by

Olson and Foster (3) and Herde (4, 5}. Additional data for 1951 to 1953 have
been presenied by Robeck, Henderson, and Palange (6).

LIFE HISTORY

Whitefish spawn in the late fall and early winter over gravel and
rubble in swift water areas (7). The eggs hatch in one to three months,
Maturity is reached in two to four years (7, 8), with females producing
5, 000 to 7, 000 eggs per pound of body weight (7). The young feed princi-
pally on zooplankion during the early stages, and later eat insect larvae
and adults, crustaceans, molluscs and occasionally small fish, The life
span for the local stock is unknown but individuals over nine years of age
have been reported from other regions (8). The average weight of the fish
collected during this study was 268 grams or 0.6 pound,

METHODS

Whitefish were sampled at twelve sites along the Columbia River
- from Trinidad, Washington to McNary Dam as shown in Figure 1. The
locations of collecting sites are designated by numbers corresponding to
the distance in miles from the mouth of the river (9) and in some instances
are further defined by the names of towns or landmarks located in their

proximity.

Most of the whitefish collected prior to 1953 came from the vicinity
of Hanford (Station 362), During the more extensive study (1953-1956)
attempts were made to obtain samples monthly from Priest Rapids (Station
391-396), F-1 (Station 367), Hanford (Station 362) and Ringold (Station 354).

DECLASSIFIED
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The stations at Priest Rapids and Ringold were in popular sportfishing areas
located immediately upstream and downstream respectively from the HAPO
reservation, Station 367, located about a mile below 100-F reactor area

and the station at Hanford, are sites within the restricted area where aquatic
organisms have maximum concentrations of radioisotopes (2). Public access
to waters within the HAPO reservation is prohibited.

Whitefish were collected with rod and line and in gill nets. Angling
with artificial flies baited with fly maggots or caddisfly larvae was the most
productive means of sampling. This method of collection was selective
since only actively feeding fish were sampled and fish smaller than 12 centi-
meters in length were seldom caught. It was directly comparable, however,
to fishing methods employed by sportfishermen. Swift water and rough
bottom made the use of gill nets impractical at most stations although they
were used at Hanford and in the backwaters of McNary Dam where current

velocities were low.

Efforts were made to obtain at least ten fish each month from the
four major sampling locations, It was not always possible to catch this
number, Samples were easiest to obtain during the fall and early winter
while poor catches were usually associated with extremely low water temper-
atures or freshet conditions.

Four tissues - scales, muscle, liver and bone were routinely analyzed
for total beta emission; other tissues such as kidney and gonads were occasion-
ally tested. Scales, liver, and bone usually had higher concentrations of
radioactive materials than other tissues. Muscle was tested because it was
the part of the fish consumed in quantity by man.

Sample processing and counting methods have been previously reported
in detail by Davis et al (2). They consisted essentially of dissecting from each
fish 3 to 7 grams of muscle and liver, 0.4 to 0.5 gram of scales, and 0.1 to
0.25 gram of bone. The samples were digested with concentrated nitric acid,
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transferred to one-inch diameter stainless steel counting plates, reduced

to ash and counted for gross beta activity in standard mica window g.m.
counters., In the calculation of the amount of radioactive materials in the
samples corrections were made for geometry, self absorption, back scatter,
air and window absorption, self scatter and radioactive decay.

Data were analyzed statistically to test for differences between
stations, between seasons, between juveniles and adults, and between the
several years of the study. The values for scales were used in making most
of these comparisons because they were the most consistent and had rela-
tively high concentrations of radioactivity. Statistical treatment was made
difficult by wide variations in sample size, large differences between seasons
and the discontinuity in sampling frequency. In testing differences, geometric
rather than arithmetic means were employed to reduce the spread between
extreme values and to produce a more normal distribution pattern.

CHARACTERISTICS OF RADIOACTIVITY IN WHITEFISH

Phosphorus 32 is responsible for 60 to 90 per cent of the total concen~
tration of radioisotopes in Columbia River fish and invertebrates (2, 3, 4, 5,
6, 10, 11), although this isotope accounts for only 0. 44 per cent of the total
aetivity of reactor effluent (2). Radiochemical and radiodecay curve analyses

32
show that P

were obtained by beta-counting and radiochemical methods. Recent advances

is the principal radioisotope in whitefish tissues. These results

in gamma-ray spectromeiric analyses by the Analytical Chemistry Operation
have demonsirated the presence of substantial quantities of k-capture, gamma-
ray emitting isotopes, including znb3, crdl, and Mn%4, Significant concen-
trations of Fe59, N3,24, Sc46, C060, and Cub4 were detected. Results of
these analyses are presented in Table 1. It must be emphasized that the values
shown in this table were obtained from composite tissue samples of five fish

collected at the same time from a single sampling site during the late winter.

—
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Consequently they may not be representative of all locations and seasons of

the year. Subsequent analyses are to be made to determine geographical
and seasonal variations. Radiozinc was present in all {issues tested and
greatly exceeded the concentration of P32 in the gut and parts of the eye.
The other gamma-ray emitting isotopes were found only in specific tissues

and their concentration was usually much lower than that of P32.

Typical radioactivity decay curves of beta emitters in tissues of
whitefish collected at Priest Rapids and Station 367 are presented in Figures
2 and 3. Some fish from Priest Rapids ‘contained appreciable amounts of
radioisotopes, an indication that they had migrated upstream from areas
exposed to reactor effluent. The short half-lived isotopes, principally
Na24, evident in fish from Station 367 were not present in samples from
Priest Rapids. This indicated that the time elapse from exposure to effluent
until sampling of these fish from Priest Rapids was sufficient for the radio-
active decay or biological elimination of these elements to reduce the quanti-
ties below detectable limits. An unidentified isotope or combination of
isotopes with a half-life of about 160 days was present in muscle samples |
from Station 367 but not in those from Priest Rapids, showing that this
fraction had a relatively short biological hailf-life,

GEOGRAPHICAL DISTRIBUTION OF RADIOACTIVE MATERIALS

The differences in levels of concentration of radioactive isotopes in
whitefish with respect to sampling location followed the same general pattern
reported for other river animals (2). These differences were shown to be
real by statistical analysis. The itrends in the geographical distribution of
radioisotopes in whitefish for October, the month when maximum values often
occur, are presented in Figure 4, Highest values occurred at Station 367
which received the combined effluents of all reactors and the channeled

effluent of the 100-F reactor (10). The concentration of radioactive materials

o
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became progressively less with distance downstream from this location,
The anomolous position of scales at Richland and of bone at Station 235
was probably the result of sampling mischance.

An exception to the general pattern of geographical distribution of
radioisotopes for river organisms was notedin samples of whitefish collected
at Priest Rapids. As indicated previously, whitefish from this station,
which is located upstream from all effluent outfalls, often had concentrations
of radioisotopes greater than those found in other aquatic animals of the
same region (Table 2). The concentration of radioactive substances in
individual fish collected at this location were occasionally greater than
those from Station 367 or Hanford. This was caused by the upstream mi-
gration of whitefish from areas receiving reactor effluent. The extent of
migration was limited, extending only 25 to 30 miles upstream from the
100-B reactor. The proportion of whitefish containing radioactive substances
to those with background levels of radioisotopes decreased with distance up-
stream from Priest Rapids (Station 396).

Figure 5 shows the per cent of adult whitefish collected at Priest
Rapids with greater-than-background concentrations of radioisotopes™,

Two major periods of migration occurred, one in the fall and the other in
the spring. The fish moving upstream in the fall were mostly spawning
adults while the spring migration contained many immature fish. Similar
patterns of migration were shown by the counts of whitefish ascending
McNary Dam, particularly during the fall (12). Over 70 per cent of the
total annual number of whitefish moving upstream over the dam pass during
October and November.
* Concentration of radioisotopes in non-migratory animals at Station
391-396 usually was less than 2 x 10~ 9uc/g (2). This value was con-
sidered as background at this 1ocat10n Herde (5) has reported concen-

trations of naturally occurring K 40 a5 high as 13 x 10 Buc /g in muscle
of Columbia River fish.

—
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TABLE 2’

Concentration of
Radioisotopes in Whitefish Tissues and River Organisms
Station 391-396 (Priest Rapids)

1953 Mean Concentration in Units of 10~8uc/ g Wet Weight
Whitefish scales | Whitefish muscle | Caddisfly larvae | Shiners
Aug. 59 7 15 3
Sept. 26 5 4 17
Oct. 358 63 2 7
Nov. 207 | 39 3 9
Dec. 456 56 7 2

The wide variation in concentration of radioactive materials in
whitefish at any given station was produced by migration patterns, biological
variation and differences in age and rate of food intake. This variation
limited the value of small numbers of samples in estimating the uptake of
radioelements by whitefish populations at any particular location. Values
for all samples are given in the Appendix.

Movement of whitefish downstream as well as upstream was not
determined in this study but probably occurs, Brown (7) has reported the
migration of whitefish from streams and lakes to tributary streams during
the spawning season. Post-spawning movement back to the original streams
and lakes is implied.

-
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SEASONAL VARIATION

The concentration of radioactive materials in whitefish showed a
seasonal variation similar to that of other river organisms (2), The up-
take of radioisotopes by fish is controlled primarily by water temperature
and concentration of effluent in the river. The concentration of radio-
isotopes in river water samples fluctuated widely due to incomplete mixing
of reactor effluent in the river and to the variability in reactor operating
levels. To reduce this variation water values were estimated from the
mean ratio of the concentration of radioisotopes in water samples to the
total reactor power level per river flow. In Figure 6 the seasonal changes
in the concentration of radioactive materials in whitefish are compared
with temperature and the concentration of radioisotopes in water., Down-
stream from effluent outfalls, levels were usually at a maximum in October
when temperatures and effluent concentration were high. They decreased
during the low temperatures of winter, rose slightly with the higher tempera-
tures in the spring and reached a minimum when freshet conditions of early
summer reduced the concentration of radioactive materials in the river to

its lowest level.

At stations upstream from effluent outfalls these trends were modi-
fied by migration patterns. A pronounced rise was apparent in the spring.
The time of maximum and minimum concentrations was about a month

later than at stations near Hanford,

RELATIONSHIP OF CONCENTRATION OF RADIOISOTOPES IN
RIVER WATER TO THAT IN WHITEFISH

The construction of new reactors and the modification of existing

facilities and operating procedures resulted in an increase in the amounts
of radioactive materials discharged into the Columbia River during the

BECLASSIFIED
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course of this study. These changes produced higher concentrations of
radioisotopes in whitefish. The relationship of the concentration of radio-
isotopes in river water to that in whitefish scales is shown in Figure 7,
Only the fall months, the period of maximum uptake of radioisotopes by
fish, were considered, The concentration of radioisotopes in whitefish
was generally proportional to the power levels when water temperatures
were near optimum for this fish., The marked decline in the concentration
of radioactive materials in whitefish from Priest Rapids during the fall of
1956 may have been caused by the shut-down of 100-B reactor from the
last week in September until the first week in December. However, only
small numbers of fish (5 or less per month) were taken during this period
and may not have been representative of the population at this location. If
it is assumed that the samples were adequate and that the reduction in the
concentration of radioisotopes was due to the shut-down of 100-B reactor,
then a migration distance on the order of 10 miles is indicated for a large
segment of the contaminated population.

TISSUE RELATIONSHIPS

The relative conceniration of radioactive materials in the various
adult whitefish tissue varied among the different sampling locations, Differ-
ences in these relationships are shown in Figure 8, where the monthly aver-
age concentration of radioisotopes in liver is compared to that in scales,
bone, and muscle. At Priest Rapids the concentration of radioisotopes in
scales and bone usually exceeded that in liver, but at Hanford the liver was
usually the tissue of maximum concentration. Values for Station 367 and
Ringold were between these extremes.

The rate of turnover of phosphorus is greater in the liver than in
scales and bone. Studies in which radiophosphorus was chronically fed to
trout (13) showed that scales and bone retained P32 for a much longer time
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than did liver, after the feeding of the radioisotope was discontinued. The
time elapse from exposure to effluent until time of sampling thus accounis
for the relatively low concentration in liver of whitefish collected at Priest
Rapids.

At stations downstream from reactor outfalls the concentration of
radioactive materials was often greater in liver than in scales or bone.
The retention of P32 by liver is less than by scales or bone? However,
animals that continuously ingest P32 will also have high concentrations of
this element in liver. Rosenfeld and Heath (14) report that liver cells have
a very high permeability for phosphate ions, a controlling factor in the up-
take of phosphorus by soft tissues., Because of the fast rate of phosphorus
turnover in the liver the P32 in this tissue will have undergone less decay
than that in scales and bone,

No explanation is apparent for the differences in the relative concen-
tration of radioisotopes in the liver between Hanford and Station 367 and
Ringold as shown in Figure 8, The average concentration in liver at Hanford
exceeded that for scales or bone for almost every month during 1954 and
1955, In 1956, however, liver and scales were about equally divided as the
tissue of maximum conceniration at this station,

COMPARISON OF JUVENILES TO ADULTS

The relative concentration of radioisotopes in juvenile whitefish
tissues showed a different pattern than that in the adults. Some of these
variations are presented in Table 3, Scales or liver were usually the tissues
of maximum P32 concentration in the adults while scales and to a lesser
extent bone, were the tissues of maximum P32 concentration in juveniles,
Seldom did the values for liver exceed those of scales or bone in immature
fish. The higher rate of growth of the juvenile fish may account for their
greater concentrations of P32 in the phosphorus~rich hard {issues, scales
and bone,
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Juvenile fish also differed from the adults in the amounts of radio-
phosphorus in their tissues. As shown in Table 4 the young had greater
concentrations of beta emitters in all tissues tested, This again could be
attributed to their higher growth rate. The greatest difference was in the

bony tissues where phosphorus utilization is highest.
COMPARISON TO COARSE FISH

Although the concentration of radioactive materials was usually
greater in whitefish than in other species of food fish, some of the coarse
fish, particularly the herbivorous forms, had the largest amounts of radio-
active substances in their tissues. In Figure 9 the concentration in whitefish

muscle is compared with that in sucker muscle and in shiners.

The dissimilarity in the diets of whitefish and suckers was probably
largely responsible for differences in concentration of radioactive materials
in their tissues. Both feed continuously throughout the winter when the feed-
ing rates of most other species, particularly the carnivorous forms, are
very low. Suckers eat large quantities of algae and other plant material
while whitefish feed primarily on animals, The concentration in aquatic
plant life was usually higher than that of the animals and less dependent on
river temperature. Rates of food consumption and growth may also have
been controlling factors. Shiners, which were processed in their entirety
had higher concentrations of radioisotopes in comparison to flesh of other
fish due to the inclusion of the more highly contaminated bony tissues and
gut contents in the samples. The earlier time of maximum concentrations
in shiners may be due to differences in food habits, metabolic rate, and

possibly to the inclusion of gut contents in the shiner samples.
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RADIATION HAZARD TO WHITEFISH

At Station 367 and Hanford, the areas where maximum concentrations
of radioisotopes occur in aquatic organisms, juvenile and adult whitefish
received a yearly dose of about 20 rads and 5 rads respectively*. The g“ut
received approximately 0. 16 rad per day during the fall months. Dose rates

' of this magnitude are probably well within the tolerance limits to individual
whitefish. Bonham et al. (15) reported only a slight increase in mortality
in chinook salmon fingerlings that had received a single dose of 250 r x-rays.
This same species showed no increase in mortalitly attributable to radiation
damage when held in concentrations of reactor effluent greater than that
normally found in the river (16). The chemical toxicity of the effluent
presents a greater hazard to the aquatic life than does the concentration

of radioactive materials in the river (1, 2, 1l1).
RADIATION HAZARD TO MAN

Whitefish, as mentioned previously, have the highest concentration
of radioisotopes of any game fish in the Columbia River. At Hanford, during
the fall, the concentiration of P32 in whitefish flesh was 3600 times that in
river water. The maximum concentrations of radioactive materials in flesh
at Ringold and at sites within the reservation were 2 x 10™3uc /g and 3 x 1073
pc/g respectively. Average concentrations at these same locations during
the fall months of 1953 to 1956 were 3 x 10 %uc/g and 4 x 10"%pc/g. The
mean fall values for flesh in 1956 were 5 x 10"4pc/g for Ringold and 6 x 1074

pc/g for stations within the reservation.

% Estimates of doses to fish and to humans eating fish flesh were based
on the concentrations of radiophosphorus. Subsequent to the period
covered by this study substantial amounts of gamma-ray emitting iso-
topes such as Zn°?, Cr51, and Mn°%4 were detected in whitefish tisgues
by the Ana%?rtical Chemistry Operation. Significant amounts of Cub4,
Feb9, CobU, Sc46 and Na24 were also present. These analyses were not
yet extensive enough for consideration in estimating dose.

-—
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The hazard of eating whitefish was estimated from the maximum

permissible limit of P32 in drinking water (17). The MPC in water is

2 x 10~4uc/cc. At an intake rate of 2200 cc/day this would amount to 0.3
pc per week after the application of a safety factor of ten for off-plant
personnel (18). The quantities of whitefish flesh that would have to be
eaten each week to maintain maximum permissible concentrations are
given in Table 5. These values were calculated from monthly mean con-
centrations of P32 in flesh. The rate of consumption necessary to produce
maximum permissible limits from fish caught outside the reservation
during the fall of 1956 was 2.7 pounds per week.

The average per capita consumption of fish as reported by Clark
and LeBovit and summarized by Bustad and Terry (19) is 200 grams per
week, At this rate of consumption the concentration of P32 in whitefish
muscle would have to be 1.5 x 10”7 3¢ /g to maintain a maximum permissible
body burden. The mean yearly concentration of P32 at Ringold was 1.7 x
10'4pc /g or about one-tenth the amount necessary to produce a maximum
permissible concentration in man, It is quite possible that some of the
successful fishermen and members of their families may have eaten more
than 200 grams per week during the peak of the fishing season.

The wide seasonal variation in the concentration of radiophosphorus
in fish and the seasonal variation in fishing intensity limit the value of
estimating the hazard to man from the yearly mean concentration of radio-
isotopes in fish flesh. At Ringold in 1956, for example, the mean fall
(October, November, December) concentration of radicisotopes was 4.5 x
1:0'4pc /g. The average for the remaining nine months was only 4.5 x 1079
pc/g. A four fold increase in both of the above values would result in con-
centrations above the MPC during the fall while levels during the remainder
of the year would be well within the prescribed limits. The fall is the
season of optimum growing conditions for the whitefish, Therefore, any
overall increase in the concentration of radioisotopes in their tissues will
be disproportionately greater during this period than during the remainder
of the year.
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The high fishing intensity during this season is another factor that
makes it a potentially critical period., A three to four fold increase in the
1956 concentration at Ringold would indicate the advisability of closing this
area to fishing or of reducing the amounts of p32 discharged into the river

during this part of the year.
CHANGES PRODUCED BY COOKING

In order to define betier the hazard to persons eating whitefish, a
special study was conducted to determine the effect of cooking on the con-
centration of radioactive materials in edible whitefish tissues., Frying,
one of the common methods of preparing fish for human consumption, was
employed in this test, Twenty-three freshly caught whitefish, collécted at
Station 367, were divided into three groups and samples of scales, skin,
muscle and bone were taken from each fish and processed and counted in
the usual manner. The heads and viscera were removed and the fish were
washed and blotted dry. They were then fried whole in vegetable oil on an
open griddle. The first group was cooked with scales and skin attached;
the scales were removed from the second group; and both scales and skin
were removed from the third group. All fish were thoroughly cooked until
the flesh could be readily separated from the bones, Samples of the same
kinds of tissues that had been analyzed in the raw state were sampled after
cooking,

In general, after cooking there was an increase in concentration of
radioisotopes in the scales and skin and a decrease in muscle and bone.
The results are summarized in Table 6. The mean decrease in the concen-
tration in muscle was 13 per cent. Changes in the radioactive contamination
of the tissues tested were about the same in all three groups. Removal of
scales or scales and skin from fish prior to cooking did not effect the levels
of radioactivity in the flesh,

—-—
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TABLE 6

Changes in Concentration of Radioisotopes in Whitefish
Tissues with Cooking (units of 10~8uc/g)

Group I (cooked with scales and skin attached
Scales Skin Flesh ~ Bone

Percent Percent Percent Percent
Raw |Cooked{Change| Raw |Cooked| Change| Raw [Cooked|Change || Raw |Cooked Change

51 160 +214 31 41 +32 30 20 -33 58 58 0
160 340 +110 76 81 +6 66 37 ~44 170 230 +35
240 730 +200 230 210 -9 75 67 -11 690 520 -25
490 1100 | +120 210 510 +140 84 140 +67 850 780 -8

1300 1400 +5 230 330 +43 220 110 -50 910 930 +2

1200 660 -50 84 140 +67 85 51 -40 - - -

2600 1300 -50 150 240 +57 67 78 +17 - - -
Mean +79 +49 ~-13 +1

Group II (cooked without scales)

240 430 +80 340 240 -29 820 630 -23
65 68 +5 19 16 -16 - - -
210 220 +5 140 130 -7 1100 940 ~15
110 200 +82 94 190 | +102 530 530 0
180 67 -83 160 140 -13 - - -
110 490 +345 280 66 -786 280 220 ~21
190 700 +288 430 150 -65 1500 |[1300 -13
Mean +102 -15 -14
Group III (cooked without scales or skin)
230 110 -52 450 350 -22
15 14 -7 130 89 -32
110 260 | +136 680 470 -31
180 86 -52 480 290 -40
54 81 +50 250 340 +36
69 29 -58 190 180 -5
61 21 -66 55 32 -42
9 8 -11 0 0 0
41 28 -32 270 240 -11
Mean -10 -17
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The decrease in the concentration in flesh may be attributed to the
breakdown of this tissue with subsequent loss of cellular fluid, as suggested
by Hanson and Browning (20). Chappel (21) reports a weight loss of 7 to 33
per cent in grilled fish. The uptake of vegetable oil in which the fish were
cooked may have also contributed to this decrease. The loss in bone was
probably due to the uptake of fluid from surrounding muscle tissue and
would not represent a true loss of radioactive contamination. The increase
in scales and skin may be explained by the evaporation of water from these
tissues and thus would not represent an actual loss of radioisotopes from
these tissues.

Scales, skin and bone generally are not eaten so changes in these
tissues are not of major significance. The flesh, which showed a reduction
in radioactive contamination, is the part of fish eaten in greatest quantity

by man.
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APPENDIX

CONCENTRATION OF RADIOISOTOPES IN
COLUMBIA RIVER WHITEFISH TISSUES 1950 - 1956
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Station 441 (Trinidad)

Concentration in Units of 10_6 pc/g Wet Weight
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Station 441 (Trinidad) continued

Concentration in Units of 10~ ° pe/g Wet Weight
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Station 412 (Beverly)
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Station 412 (Beverly) continued

/

Concentration in Units of 10”6 pe/g Wet Weight
N
j i

-4.2 -

HW-48523

SSOQJ

/

UZ')[S

/

“oorqg

/

/

Supy

/

Ifqedo

/

GUOS

/

94y

T

29
13

o
3
3

&

28
10

/

U
g
%]

X,

210

54

{

F
B

Al M

241

292

178

27
27
24

1-3-53

0

UNCLASSIFIED




HW-48523

-43-

UNCLASSIFIED

oTewiog -~ 4 sTtuANp ~
OTEIN - I sk HOpy - ¥ %

g 0 |¢ z L [N v | 6ie | L2 T

0 €T ¢ € 0 |V | 76¢ 1g |66-81-v

009G [006 | 0L | 001 | - | | 1% CTi "

ENEL T 6T |& |V | 16T 62 T

6c |61 g1 | 18 & |v | 008 | ¥% Y

09% |06l | 8% | 008 | A |V | €46 | v& T

g g |0 3 v AV | 658 | o¢ T
T |0 T T aE (v | 6Lt ¥Z | 64-L1-C1

099 |08t | O00TT[& | L | Ol €2 T

10 € |8 2 0 & |V | eeF | 8¢ T

086 |81 |0 T W[V | e8¢ | L2 m

9 g [0ev | ¢ 0 | a|V | 488 | 98 T

8T 0L |9¢ | ¢ 0 & |V | L¥E | 60 T

vl 0 0 |6t 0 T ||V | T08 | L& | e
062 061 | o065 |0ig | 96 0TL | & |v | 208 | L% | 29-G1-¢T

0LV G 5% -V - - I
9T g g T - = | es-ge-11

4
sl e g5l 2855 o8l o598 o
15858 ]F )]s 8 )g | £ 5858 ¢
) Mw,e

yStom j1om 3/om @soﬂ JO S}TUQ UT UOT}BIIUSIUOD)

\

€0¥ uoryels

UNCLASSIFIED




UNCL ASSIFIED

Station 403 continued

-44-

HW-48523

g

/

S

/

REET

/

QJEQH'

GUPQV

st?S’a

/

-I('JEAO

/

9u08

/

840

Concentration in Units of }.0-6 ne/g Wet Weight
. oy
. & * w

-1‘941,

T

/

/

15
6

950

14

140

/

13

3

1800

F
1)

F
F

M

M

M

M
F
Al M

329

415
339

303
233

286
219

317 -
240

396

585
278
190

20

31

29

27
25

29

25
28

26.

0

28
32
25

24

4-15-53

5-6-53

te

8-17~53
90

g0

80

e

90

10-6-53

00
- 98

12-1-53

UNCLASSIFIED




UNCLASSIFIED

Station 403 continued

-45-

HW-48523

/

uaal'ds-

/

JJESH

/

/

Sliss

]

ICJEAO

/

Su08

Concentration in Units of 10”° nc/g Wet Weight

, o ol of Hl ~| of o| of —| ©
o — -
\ [N
‘ISA.T"I o o af o} =] &} ™| ~| o | <
\ (@3]
™
eIOSn
\WN 0| ©f oo evf w0} 0 &l © H{ o
(Ap]
\Xes’
355 . Pl ] ] B R RS S | B
S‘Qze
a;;qﬁfi) 0 ol =i o N| o] ]| vl w| oo
,IeM o wi o Of | | | 0| @ oy ¢
\N —~| | »| | ] | =}~ M| N
Ja;
Suy
ms Nug~~
US’IP-IEQOU.T
Sl BB EEEE R R
3
~ Wlclelsiziesle}s Dl e
1 w r~
N I |
— < —

UNCLASSIFIED




UNCLASSIFIED

Station 391-396 (Priest Rapids)

Concentration in Units of 107 pe /g Wet Weight
. 2y
' %

/

-46 -~

HW-48523

84
170

350

“Iyg

/

Yooy

/

JJEQH

/

Sup Iy

ST?S'Q'L

/

A‘JEAO

/

100

136

o

240

190
310
500
290

190
320

100
330

770

13

150
240
310

180

110
220

130

130

440

31

47

64

31

44

60
15

120

/

340
400
1200

330

430

860

200

1500

110

B

Jd

-]

J | M

300
130

137

59
150

127

134

135

49

252

502
153

51

417

50

30
21

22

23
21

21

22

16

27

34
21

16
16
16

4-8-52

88

88

90

98

bR

28

gt

99

4-30-52

70

70

g0

SO

[}

UNCLASSIFIED




-47- HW-48523

UNCLASSIFIED

0082 | 01¢ 0L¢ 0069 - r 492 81 04
009¢ 1 000T 0¥ 0000THHA | £ 60T 61 88
066 0LE 0¢1 009¢ - |V L0G ¥e 80
0021 04¢ 0028 | 0067 JIN |V 9¢¢ 1744 80 -
00671 002 01¢ 008G | A |V €3¢ 744 08
0031 08¢ 0€T | 000C N |V 16¢ {44 88
0021 | 06¥% 0¢1 0068 | A |V ¢1¢ ¥ £6-9-¢
1994 FA il S i1 HIV ¢81 £¢ Y]
,omw. 06¢ €91 6% 09¢ Wi v 0%¢ €¢ £e-¢1-%
g 4 0¢ g0 16T €2 00
008¢ | 0061 0GT 00%% 1A | [ 161 €e 88
0082 | 0¢£¢ 06¢ 00¢1t - £ LY G1 88
00I¥ | OIS8 09¢ ooge || - | £ €< LT 80
018 08¢ 008¢ § AV 103 §724 88
0 74 W|V G871 i 24 08
61 92 01 %74 IR IG JIV 166 Gg ¢S8-LI~CT
w0 & S ~ o & ~ 5%
MW..\ ol m MNVH‘ ) 0] < Qo ~, W n «m\.u 2 O%
a . & & Q, 0 o 5 < S o' i ¥ [o'] &
@ 5 @ ry = fan 5 @ D o 5 x Qo (55 I
g 5 e o & < Y I = ] ga g5 | o
< 0 2 §8 |54 ] @
[ Mw Ju
5 |50
o R
5

yZram 1om 8/om g-0T 3O SHTUN UT UOTIBIJUSIUOD

penurjuod (sprdey 1selad) 96S-T16¢ UOCTIRIS

UNCLASSIFIED




~48 - HW-48523

UNCLASSIFIED

L g g 0 AV L4 6¢ 80
6 < 1 0 IV 0cvy 4% 88
9¢ 0 g 0 AV 88¢ 6¢ £€6-0€-9
0064 |066 09¢ | 000% JIN| T 26 81 88
84 a1 6 6 AR B iZ4! 0¢ 60
00T |0¢3 071 0087 || 4 © 76 61 80
65T |5€ w7 | 002 T | v8 a1 0
00¢1 (08¢ 0¢i 008t f A 0 %6 61 88
0 F4 4 ¢ Wiv 162 IX4 80
PR 4 vi i 149 ALY 81¢ 0°9% 88
0087 | 076 0S1 | 00i¢ | A|V | 291 eg 3
0gs {00P S 008t j AV 0%¢ Ge £6~61-5G
0082 | 048 0Zg | 00Z8 |} -} £ 8L 31 88
LT Z g 041 I 4L, 81 00
e 12! g ¢8 r 8L 81 80
ov¥ |oet 9% 00T §f -§ L | 911 0°02 EREAE

w2 ¢ 5]l a]ls ] 9]l e s ]s % SF

e [ E sl &gl &8 5] 8 |5 & ek oF/F8] 6

g g lafe &[S 8 g [ L] 5g 28] &

2R
~

ystem 1om 3/on

o..oH JO SITU[) UI UOI}BJIIUSIUOD)

/

ponunjuod (sprdey 1S91id) 968-16€ UOTIBIS

UNCLASSIFIED




UNCLASSIFIED -49- : HW-48523

/

/

B4,

|

Concentration in Units of 10”° pe /g Wet Weight
[ / 2

Neeﬂ ©

/

/{'au 3
PI}I -

/

-(fq'edo

/

8
Yog o

130
20
4

2

4

4

0

0

5
20

120

Je"‘!’] | 0| | wf o © | | ol oo #| o ¢ = wf ™
—

/

elosnw <

11

/

Station 391-396 (Priest Rapids) continued

S9; Bog o

130

///

X, 89 s
88

/
A
A
A
A
A
J
A
A
A
A
A
A
A
A
A
A

SQTP.;
ur ;quSM

)
g
252
274
212
249
370
112
357
443
397
225
273
332
494
374
281
333

S
q;'.gu;e .Ullao )
Jeptle;us'f

////{J
T
25
26
25
25
29
20
28
30
29
26
25
25
32
30
27
29

93 Bq

6-30-53
'R ]
IR}
PR
IR
90
7-15-53
it
ee
98
8-4-53
(3]
-1
i
it
ot

UNCLASSIFIED




UNCLASSIFIED

Station 391-396 (Priest Rapids) continued

Concentration in Units of 10 % pc/g Wet Weight
. K /

d

/

-50~

HW-48523

/

Uea[ dg

/

J‘IE‘SH

/

4o Up Iy

St FISE)

/

(fquo

/

91108

/

18

45

15

42

49417

/

53

120

37

5

3
19

4]

-l

180

i

F

M

M

F

M

A

A

A

401

536

380
300

313
282

178

225
244
390

316

256
234
442
490
348

30
34
29
28

28
26
24

25
25
29
27
29

25
31
32
27

8-4~53

8-17-53

8-31-53

UNCLASSIFIED



UNCLASSIFIED -51- HW-48523

Saosd

/

Uosrq,

/

LIBGH

/

4o Up Iy

Sliss

Concentration in Units of 10-6 pe/g Wet Weight

(fJeAO

/

Station 391-396 (Priest Rapids) continued

SUOH oo,-coou.ogwa gm—«'—«ogooom
\ o [Te) —

'1941’7 o) .o | & it} 2| | ® ol =l @| caf o eap
\ N

erosnw B I I e T B ©f o o @) w} o m| af caf
g9 .

I!?os. momggpg §om—cb~gm<ﬁo—e

.\\S\ 1

o5 Sl Bl K= B E 3 B=1 =1 =1 =1 I 9 =1 =1 =1 =

Suy

g w
sef
(]
55/ &
% -5
24 208
25 214
20 110
20 125
20 122
20 121
20 109
9 326
33 481
31 430
25 250
28 353
25 259
29 371
30 370
29 424
27 325

8-31-53

®

]

1%

'l

®B

Ll
9-14-53

W

0

1

il

1]

w

wn

L]

[y

UNCLASSIFIED




HW-485623

~59-

UNCLASSIFIED

08¢ S €9 o6y |4 |V LLE 6¢ )
72 0¢é T 6 wWwI|v 00% 68 o
0LE 09¢ 9¢ 0673 J 1Y 06% ¢ ®
S g 9 A W |V 3747 6¢ 8
0 Z 9% 8T g7 196 ¢e g6-¢-11
016 09% | 086 0%9 W |V | o022 | gz B
g T 8 61 nW|v G132 §44 [
09¢ 008 01¢ 048 IV 08 ¢4 [}
06T 0%¢ £e 01g g |7 652 (¢4 £€6-9¢-01
i7A g §74 g J |V #16 9¢ £6-16-01
g 01 G g 8 Wi{v 8¢¢ Le £6-9-01
0 0 4 11 -l r 811 194 )
4 T 1T 4 Wi r 191 144 o
74 b4 g 4 H |V Gg¢ L3 £6-%1-6
PL.S
0 S
2|2 &5l ald] el ls ] ., ol Qf
@ f4) & g Q, 0 %) 5 < & a3 5 [ < o q, »,
9 & @ I o 5 o D 2 o Qo |55 I
& &5 3 @ o < & o [ [ s [RE &
< =~ ) R )
@ « 535 /5%
s..u,: 2 %1
D
4%
fu )

udtepm 19m 8/od g-0T JO SITUN UL UOTIRIFUSOUOD

/

panuruod (sprdey 31s91a1d) 96¢-T6E UOTIEIS

UNCLASSIFIED




UNCLASSIFIED -53- HW-48523
Uyg
)
'gb\
opd ae
\g a[dsr
6\
= 2
Ie
) °H
N
g\
4s
© 4,
K - Py
212
)5
[ s
ol w 'USS,L
ol v
7| 5
el
'H‘: ‘((:I
C%-M EAO
{3
n
ol & eUOg
Nl e ¢ ol 0| © | =i | O] V| Wi O] t| Of o] M <f} O
I I R E RN EENE R &
—| o
ol & ,
o g
a0 Sary o} | © o| o] vl o vl — o o] o ~| ~ ol ©
p—]
o
[ap]
S
o Z'Os'n]/‘[ o] ~i| o | of ol of H| o) < x| of | ™ )
Q 1o | =~} M} &0 N | M| ™ e}
4'3\ — — —
@ S
+
2] -
SSIE'QS. o o] © o of m o o o o o o] w| ™ <| ©
— ) © - Of o o | o o —~| &
\"D — M » — < ] e o
Py SEIEREEE R EEe
<l =] m] | < <« < <| < < <| <} <]~ <| «
Suy
B
U.T;qgo ol o © o t=f oof b= | | =l | W] o] @ ~N| oy
18,1,1 mf ©| @ — cof o] oy | | ¥ —| W} —| 0 m| ©
. N = = | & ) o] | | D ;»f ] | — | o
9
ns, QI-UUS
97 pago ur
S LR EREEEEEEEEEEEREE
age .
)
R & 2
i
o =l = Bl o=l | 2| =] = | 8| 2| =] = Lle
ir _'. P
i -l —t

UNCLASSIFIED



HW-48523

~54-

UNCLASSIFIED

0 4 € el g7 | 0€¢€ 1€ %
] g 0 8 WV | 6v¢ 62 s
0¥ ¢ 09% 84 009 AV | e¥e 1¢ #
0 g 4 L J1V | 0821 6¢ 8 -
o¥%T 0g¢ GL 00 W[V | 2ig 92 8
0cv 0LS %6 084 d1V | 906G A3 8
0¢T1 00¢ 69 00% JIN|V | 668 4 ®
09¥ 089 01T | 0¢4 gV | GG €€ ®
0859 00% 16 00TT | LV | vie 9¢ #
061 08 0¢ 0ge g1V | 29¢ 9¢ 9
08% 0€4 OTT | 08 | AV | 4186 A€ i
082 08¢ %9 0ve § 4{V | PEIT 187 ®
6% 18 6 021 ||V | <0¢ 8¢ 8
011 0412 1441 04T WV | ¢8G 0°%¢ %
0 i4 € 8 A| ¥ | 8ES 0°1¢ 8
022 068 9L 9¢ A1V | ALY 0°1¢| €6-81-21
8 ¥ S 2% Wiv | 681 54 €6-1-¢T
2 5%
sle g5l elele]s] oo -
s/ &gl gl s le 58 [5]§& ] 85 eof [¢8]§
8 sl afe &[] 8 [g [ £ 58]z
® g 3% [§%
“5 |88
7%
yg1em lom 3/on @:9 JO S}IU[] UT UOTIBIJUSDOUOD : \\ o

panutjuod (spidey 1S01ad) 96¢-16€ UOTIEIS

UNCLASSIFIED




HW-48523

-55-

UNCLASSIFIED

00¥2 | 0%9 0LT oogef - e | 181 €2 u
gee | 0%2 Gy 0gz fmjr | osrt €2 #
0 9¢g 0 ST -1 e aur eg ®
00.LZ | 0Z% 097 096TIIN |V | 08T ¥e s
021 021 A 081 | a|v | ogg 87 %
ogs | osy Py 098  A{V | 162 Gz @
0LZ | 09% €8 042 [N 1V | GiZ L2 u
06¢ | 01¢ 76 009 || |V | 806 0°0% @
068 | 0L¥ €L | 0SS f a|v | L6i g€ »
08¢ | 08% 186 o6y | I{V | zZ¥e 82 %
A 089 042 86 oouifl IIV | 862 .2 o
g g g iv AV | ocy 1€ %
016 0001| O%1 ooTif Al YV | 989 9¢ %
81 G§ 8 26 || A]v | 88¢ 87 u
1 g Z ) Al7 | L6y Z¢ g
9 G ¥ Zi | A]V | sueT v a
24 0TI et 0eT § A{V | 0%8 8¢ “
* 01 €9 € 0g JfN|vY | 861 €z | €6-81-21
Ay @ & oy & ~ 0 & t~ o m.%
sl elg | g8 58 58] &8 -5/85/] o
@ o D > = fay .} o ) o o ) Qo [5 & o
w o o * () o
<7 nMu [ & ~ % % %Wm... w......m S
s“. HT
5 [F0
a®
~

JyStom 1oM F/od

9

_0T JO SiIuUf) UI UOT}RIJUSOUOD)

[

(spidey 1s91ad) 96€-168 UOTIRIS

UNCLASSIFIED




UNCLASSIFIED

Concentration in Units of 10~ % pc /g Wet Weight
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Station 391-396 (Priest Rapids)
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Station 391-396 (Priest Rapids) continued
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Station 391-396 (Priest Rapids) continued
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Station 367 (F-1) continued

Concentration in Units of 10_6 pe/g Wet Weight
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Station 362 (Hanford) continued
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Concentration in Units of 1070 pc/g Wet Weight

340
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850
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AlM
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200
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